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Abstract

Introduction: Sustained attention is known to be dysfunctional in psychotic disorders.
Sustained attention is the ability to remain focused onpecdfic timelocked stimulus
within a task. We aimedot determine whether there are specific group differences
between CON and three psychotic disorders: SCZ, MPD and BPD, then to determine
differences between these psychotic disorders. This includedrdiftes in behavioural
performance and prominent eleaphysiological eventelated potential (ERP) wave
components during cueing and target processing of a visual sustained attention task.
Further we aimed to characterize ERP waveform component relatipsigitross and within
these groups for demographics, k®tance use, behavioural performance, and clinical
variables, the last limited to the psychotic groups. Lastly, we investigated the effects of

prescribed medications on ERP wave components within tiiehmdic groups.

Methodology: 103 participants (29 sebphrenia (SCZ), 28 bipolar disorder with a history of
psychosis (BPD), 21 methamphetaminduced psychotic disorder (MPD), and 30 controls
(CON)) underwent electroencephalography (EEG) record whilapleting a visual
continuous performance task. Parpents were presented with 60 trials with three
O2yaSOdziA@S {Qaz GKS LINBaSyidlidirzy 2F GKS (K
ERP waveform components were extracted from cues and targetukts. Group
differences were determined by ANOVA witBonferroni posthoc correction or
multivariate KruskaWallis test dependent on data distribution. Relationships between ERP
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Results: (1) MPD reported higher usksubstances compared to CON, SCZ and BPD. SCZ
behavioural performance was poorer compared to CON which was shown by their longer
response times, reduced accuracy and increased errors of omissiaicalBli MPD was
found to have a shorter duration ollness compared to SCZ. Then SCZ was found to have
more positive symptoms compared to BPD whereas BPD had more negative symptoms
compared to SCZ. For the first cue, wave component differences were tminaver the

left hemisphere, for P100 amplitude avéhe frontal cortex, P300 amplitude over the
central cortex, and N170 amplitude over the parietal cortex. For the presentation of the
second cue, differences noted for all groups were localised tdrth@al and central brain
regions, for P100 and N17(RE waveforms. For the target stimulus wave component
differences were found over the prefrontal, frontal and parietal brain regions, within CON,
SCZ, BPD and MPD. (2) For the first cue, educationvaebgitiorrelated with the N170 left
parietal amplitudein CON and P300 right parietal amplitude in MPD. During the second
cue, the left parietal N170 latency in SCZ correlated positively with education and the left
central P300 latency correlated negativelyth education in MPD. The age on the day of
testing correlated positively with the target left frontal P300 latency in MPD. For the first
cue, substance use positively correlated with the left and right parietal P300 latency and
negatively for the righparietal P100 amplitude in SCZ. In MPD, a negativelation was
noted across left and right prefrontal N170 and P300 amplitudes, and positive correlation
for the left prefrontal P300 latency in MPD. For the target stimulus, correlations were
evident forthe left and right parietal N70, N170 amplitudes, B3@tency, the right parietal
P100 amplitude and left central P300 latency in SCZ. For the first cue, in SCZ PANSS total
score correlated positively with left and right central P300 amplitudes andettigorietal

P300 amplitude. For the second cue; inRhe PANSS negative symptom score, positively
correlated with the P100 and N170 left parietal amplitude, left and right parietal P150
amplitude, left central and right parietal P300 amplitude. For theget, the Hamilton
depression rating scale correat positively with the left and right frontal P300 amplitude

in MPD and then negatively with the right parietal P300 amplitude in SCZ. Behavioural
performance in CON, positively correlated with the |edirietal N70, P100, P150 and N170
amplitude the numbe of correct responses, and left central N170 amplitude. While the
number of impulsive responses correlated negatively with the left parietal N70, P100, P150

and N170 and the left central N170 amplitudé CON. For the second cue, behavioural



performance vas related to the fronteparietal relationship across all groups. For the target
stimulus, impulsive responses positively correlated with the left parietal N70 latency in SCZ.
Overall response time negeely correlated with the right parietal P300 latenity SCZ. (3)
Medication was found to affect ERP wave components during the sustained visual attention
GFrale® C2NJ 0KS FTANBRG OdzS CD! Qa AYyONBI&aSR (K¢
and deceased the left parietal P100 amplitude in SCZ onhe Tise of antipsychotics
increased the right parietal N70 and left central P100 amplitudes in BPD, specifically the
NAIKG LINSFNRYGlLIt bwmtn YL AGdzZRS 61 & Xy ONBI
increased the left frontal P100 amplitude in SCAFolil KS &S 02y R 0OdzSs { D!
right parietal P150 amplitude in SCZ but in MPD the right parietal P150 amplitude was
AYONBFaSR gA0GK KFIf2LISNAR2f dzaSzI I0yaRncyOd! & {
BPD and sodium valproate decreased thé& |erefrontal P300 latency. For the target
da0AYdzs dzax { D! Q&F RSONBIFIASR (G4KS NARIKG LI NRSGI

and increased the left central P300 latency in BPD.

Conclusion: (1) sustained attentional performance is poorer in SCZstOdy adds to
previous studies showing attention processing deficits in SCZ, are evident during cueing of a
sustained attention tass; (2) substance use was found to slow cognitive processing,
education improved executive function and information procegsiand symptom severity

was associated with dysfunction of prefrontal and frontal cortices; (3) antipsychotic
medication was relate to improved processing of salient information. These data support
the current literature and provide novel insights to tlatentional processing deficits

during cueing in the psychotic disorders
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Chapter 1 iterature review

1.1 Background

Mental illnesses have been around for centuries; however it was not until the nineteenth
century that they were contextualised and characterised by symptom(s) and course
(Farreras I. G, 2017). By the twentieth century research into the etiology of pgyithia
disorders became increasingly importaiKessler 2000) There have been continual
improvements in the clinical diagnostics as can be seen imrdhisions of the diagnostic
statistical manual of mental disorders (DSpnerican Psychiatric Association 201 3)d

are seen to aid treatment approacheSaddichha et al. 2008)Current psychiatric
medications serve to manage symptoms, e.g. antipsychoédication in the treatment of
psychosis, rather than a cure there(Perez et al. 2016)This limitation has led to new
approach to psychiatric disorders where we search for biological mechanisms, with the
hope of improving treatment regimensnd development of new drug treatmentspt

ultimately improve patient prognosig he National Institute dflental Health 2015)

Shizophrenia spectrum disorderise. psychotic disorder§rotman et al. 203), are known

to affect 1% of the wNI RQ4& L{Maddefli bt &lA2R1y; Rudolph et al. 201B¥ychosis

is the active state of a psychotic disordethereby the person undergoesaepisode of
severe behavioural changes, impaired cognitive functioning and a distortes s reality
(Quach et al. 2016)Psychosissignificantly reducesh Y RA @A Rdzl £t 8 Q oAt A (¢
judgements, alters the ahiy to think clearly, behave appropriately and functi@®erper &
Berenbaum 2008) The typical characteristic symptoms of psychosis experienced are
hallucinations and/ or delusions which they believe are réQuach et al. 2016)
Importantly psychosis are not only symptoms related to hallucinations/delusions, referred
to as positive symptoms, but these individuals also experience negative symptm
social withdrawaland cognitive symptoms which greatly impact daily actisiaed area
burdento the individual and family members involv@iélerez et al. 2016 Approximately21
million individuals are diagnosed with schizophref&CZ)(World Health Orgnization
2008) SCZ does not affect a specific race or nationélifyong et al. 2016)and occurs
equally in men and females. Howevdéretpeak age of onset in females occurs/5years

later than males; 1625 years in maleand 2535 years in female§randon et al. 2013; Hu
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et al. 2016) Theexact reasorto why this occurs is not completely certgiHu et al. 2016)
Some hypothesizethat the later onset of SCA females iglue to the hormones present in
women during puberty and protective effect of the hormone estrogefErick Mesgs,

ChuanYu Chen 2009; Kirkbride et al. 2012; Perez et al. 2016)

Patients diagnosd with SCZ can be hospitalized several times in their lifefjEreck
Messias, Chuaifu Chen 2009) A drop in re hospitalisation has been seenith good
clinical management and support from fam{iccormick et al. 2015}t is reported that up
to 10% of patiets diagnosed with SCZ commit suici@@dssler et al. 2005)the
development of pesecutory delusionsaind use of substances of abuse, egnnabis, have

been shown toincrease violence in SC3pitzer et al. 1978)

The presentation of psychosis is not limited to the schizophrenia spaadfudisorders, and

can also be apparent in Bipolar dider (BPD) and methamphetamueduced psychotic
disorder (MPD)Grant et al. 2012; Soh et al. 201%jke SCZ, BPD is a challenge and a
lifelong struggle which affects the individual as well as their fa(ibll et al. 2014)BPD,
previously known as maniaepressive illness is a psychiatric disorder which classically
presents with polaty of mood i.e. mania and depressidghaxman et al. 2008)ndividuals

with BPD may also present with both mood polarities at one time and this is referred to as a
mixed epsode (Johnson & Leahy 2003)he presentation of psychosis in BPD can present in
any mood state or episodeor when euthymic, i.e. stablmood state(Park et al. 2004)
There are no restrictions to the race, nationality, social or educational class of an individual
(Young & Grunze 2013BPD affects 60 million individuals worldwidé/orld Health
Organization 2017)it is expected that individuals with a diagnosisevereBPDwill spend
20-50% of their lifetime incare (Young & Grunze 20133ue to cyclical nature of the
disorder (0.4episodesper year)(Ayano 2016)with episodes typically lasting betweento

7 months (Young & Grunze 2013A higher incidence of suicide, greater than 10%, is
reported for BPdPrice & MarzanNissen 2012; Ayano 201®atients diagnosed with BPD

are typically betwen the ages of 17 and 21 years ¢iyaro 2016) and generallghronic,

i.e. lifelong(Mccormick et al. 2015)There are some cases where BPD starts in childhood
but the diagnosis is difficult as the symptoms can present as attention deficit hyperactivity
disorderor asother developmental disorder§Johnson & Leahy 2003)here is no bias to

whether more men or women are being diagnosed with BlPdce & MarzanNissen
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2012) However, it vasfound that more womenexperience a higher number depressie

episodes and meaxperience a higher number ofanic episodegAyano 2016)

With respect to methamphetamine (MA)n ithe Western Cape of South Africa 33% of
individuals arereported to have usednethamphetaming and 15% ofpsychiatric hospital
admission are a result oMA psychosigCorrigall et al. 2007; Lategan et al. 201dPD in

the Western Cape exceedspats from Asia, reported to be 10%-arell et al. 2002)
worldwide 16 million people are reported to uddA (Boursman et al. 2009)One out of
every four individuals using MA are femgBousman et al. 2009; Zarrabi et al. 201&)e
high incidence oMA abuse has been related to itecreational useor individuals testing
the product and ultimately enjoying the high and eventually becoming addicted to the drug.
The high levels oMA can cause; pulmonary oedema and congestion, heart failure and
cerebrovascular haemorrhagelltimately leading to death(Petit et al. 2012)The clinical
presentation of psychosis in MPD is very similar to #f&8C4GlasnerEdwads & Mooney
2014)

1.2 Diagnostic criteria for schizophrenia, bgratlisorder and methamphetamine induced

psychotic disorder

Diagnostically e psychotic disorder spectre comprises sthizophrenia, brief psychotic
disorder, schizotypal personality drsier, delusional disorder, schizophreniform disorder,
schizoaffectre disorder, catatonicsubstance or medication induced psychotic disorder and
psychosis due toca generalmedical condition (Mandelli et al. 2014). An example of
substance-induced psychosiis MPD (Rusyniak 2012)Further, Bipolar | disorder may
present with psychosisr psychotic symptomsand someview Bipolar | as a psychotic
disorder(Craddock et al. 2005)

1.2.1Schizophrenidiagnosis

SCZ has an array of symptoms linked to it which are divided into three categusgsie,
negative, and cognitive disturbanc@dill et al. 201Q) The positive symptoms include: (1)
delusionswhich can present asligiosity paranoig ideas ofreference thought disorder,
thought control, or grandiosity (2) hallucinationswhich can be present via any sense,

predominantly vsual and auditory, however patients may present with tactile, olfactory, or
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gustatory. The egative symptomsinclude: aathy, asent, blunted or incongruous
emotional responses reductions in speech social withdrawal impaired attention
anhedonig and xual problemgAmerican Psychiatric Association 199¥gcording to the
DSM 1V, if the patienpresens with auditory hallucinationor bizarredelusionsthey will
likely receive a diagnosis 8ICZAmerican Psychiatric Association 19%jor to the onset
of symptoms, social and occupational dysfunction can qcthese are referred to as
prodromal symptomsProdromal symptoms generally appea6 Inonths prior to gychotic
episode, however this period can also be longdre onset occurs between the age of 15
and 45 years of agéTandon et al. 2009)onset beyond 45 yearold has been linked to
neurodegeneration and agin@&han 2017)

1.2.2Bipolar disorder

BPD is a mental illness characterized by severe depresking with elevated or irritable
mood states, i.e. mani@Articevic et al. 2015)BPD was first known as a mood disorder as
individuals presented with alterations in mood whereby periods of euphoria is achieved
with a sudden change to major depressiffoung & Grunze 2013BPD is separated into
two diagnostic categories; bipolar disorder type | and bipolaordisr type 1. BPD type | is
the more severe of the two. BPD type | patients display full mania altexgp between
periods of depressioiiKhaleghi et al. 2015BPD type Il differs to BPD type | due to the
absence of a full mao episode, as they experience hypomanic episode which are not as
severe (Ayano 2016) and do not necessarily require hospitalizativiccormicket al.
2015) Manic states are accompanied by pressured speech, altered sleeping patterns due to
a decreased need for sleep, increased libido, grandios@igkless behaviour and severe

thought disturbances with the presence or absence of psyclidgisormick etal. 2015)
1.2.3Methamphetamineinduced psychotic disorder

Methamphetamine (MA) also known by its many street names; speed, ice, kryptonite and
crystal meh, is a drug which stimulates the central nervous sys(Baxton & Dove 2008;

Petit et al. 2012)It was originally synthesized as an ephedrine in the eadgn n Q& ® L {
2yt e Ay U Kh&tthe drig Hecomed beavilysabused in California through backyard
MA laboratory production The drug is presented aspowder or liquid and a more potent

form of the drug was developed which was in the form of algPetit et al. 2012) MA
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can be ingested orally, through nasal insufflation/ snorting, vaginallyracglly, through
intravenous injection, and via the inhalation of smokapours (Allerton & Blake 2008)
Users of MA also describe to feel increased libido, endlessggnand increased
productivity. Tweaking can be experienced, whickfers to hallucinating crawling insects
on the skin which can result in scratching anackingskin resulting in scabs and scarring
(Petit et al. 2012) Tweaking is more noticeable in long term MA users where dose of use
has been escalated tachieve the desired effedf the drug(Buxton & Dove 2008)Mhen

the effects of MA wear off, feelings of anxiety and depression ki¢Raott et al. 2007)

As per DSMV, after intoxication and withdrawad psychotic symptoms persist between 1
and 4 weeks the diagnosis MPD may be gienerican Psychiatric Association 199%he
presentation of psychosis has been linkedhavy drug uséowever can also be present
with low MA abuse, and is suggested to stimulateunderlying psychotic disordéPerry &
Juhl 1977; Hermens et al. 2009; Shariat & Elahi 2010; Zarrabi et al. 2016)

Individualsadmitted to psychiatric hospitals for MPD tend to be deagnosed with SCZ if
they preent with another psychotic episode that cannot be related to the use of MA, after

6 months of having their first psychotic episoffemerican Psychiatric Association 1994)
This change in diagnosis is largely duehi® similarity of symptoms between SCZ and MPD
(American Psychiatric Association 1998gll, conducted aclinical study whichnvolved
fourteen cases of patients diagnosed with SCZ who were actively using MA arregul
intervals for years. It was found that after years of MA use, similarities in presentation
between MPD and SCZ were evid€Bell 1965) The symptoms of psychosis lasted for
months following the initial diagnosis. After observation, Bell concluded that MPD pesdu

a model of psychosis similar to SCZ than that produced by any other hallucinogenic drug
(Bell 1965) In the recent years many other studies have investigated the sinekariti
between MPD and SCZ. Supporting Bell, several studies report similarities betwedere posi
symptoms of SCZ in MP®lermens et al. 2009; Shariat & Elahi 201@nBhess et al. 2012;
Medhus et al. 2015; Barnhorst 2015; Zarrabi et al. 2016; Paulus .28h7)nteresting
caveat, is the reported similarity between BPD and MPD, as delusions of grandeur and

aggression are often reported in bofAarrabi et al. 2016)



1.3 Dopamine in psychotic disorders

In psychiatric disordergieurotransmissions dysfunctional, medication prescribed aims to
improve neairotransmission(Mikkelsen et al. 1987; Gdla-Costa et al. 2013)in psychosis

and psychotic illnesses, the dopamine systems are strongly suggested to be the primary
neurotransmitter system that is dysfunction@ikkelsen et al1987) and primary drugs,

antipsydotics which act on the dopamine systems are prescribed

The dopamine (DA) system is important in the control of muscle movement, cognitive
function and reward mechanisn{S&urevicha et al. 2016DA a monoaminejs synthesized
within dopaminergic neurongOnce the neuron is excited DAredeasedfrom the neuronal
termina via exocytosis into the synapse and acts by; binding to pgbstsynaptic DA
receptors (D1 receptor) then regulated by presynaptic neuron DA autceceptors (D
receptor), and recycled by +a@ptake at presynaptic neuon via dopamine transporter
(DAT)Jan 2013)Methamphetamine stimulates the dopaminergic systems in four ways: (1)
directly stimulates dopamine receptors and with higher affinity; (2) increases the release of
dopamine; (3) prevents and rerses dopamine reuptake; (4) reduces the breakdown of DA

and MA by reduction of monoamine oxidag#aber et al. 1996; Paulus 2017)

The DA system consists of four different pathways; mesolimbic, mesocortical, nigrostriatal
and tuberoinfundibular Both mesolimbic and mesortical pathways originate from the
ventral tegmental areani the brainstem and are important in cognitive regulation and
function (Emilien et al. 1999Positive symptoms in schizophrenia are thought to be caused
by increased dopamine in the mesolimbic pathwf@guzman & Farinde 2016)The
dysfunction of the mesamtical pathway is associated with cognitive decline and negative
symptoms in schizophren{@&uzman & Farinde 2016Jhe onset of negative symptoms and
cognitive decline is saitb be from the reduced activation of the:Deceptor in the
prefrontal cortex(Brisch 2014)The nigrostriatal pathway is involved in controlling muscle
movement by regulating the release of dopamine to theostriatum (Jibson 2017)The
process occursdm the transport of DArom the substantia nigra to the neostriatunBy
stopping the release of DA to the neostriatum with DA antagonists, extrapyramidal
symptoms especially Parkinsonism becorapparent. Within the tuberoinfundibular

pathway DA inhibitshe production of prolactin inhibiting factor. The DA produced within
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the hypothalamus and transported to the pituitary gland via the tuberoinfundibular
pathway. Therefore, the blocking of the> Deceptors results in an increase in the
production of prolactin from the pituitary gland, causing hyperprolactinef@azman &
Farinde 2016)

A primarytheory whichaddresseshe development of schizophrenia statthat symptoms

of schizphrenia are caused by overactive neuronal activity which is highly dependent on
dopamine¢ the dopamine hypothesis of schizophrer{@pitzeret al. 1978; Basset et al.
2014) This theory suggests thatievateddopamineactivating the D receptorsresults in
more positive symptoms in S@Ad decreased activation ofiDeceptors results in more
negative symptoms and cognitive dysfunctig@pitzer et al. 1978; Zacher & Holmes 2012;
Brisch 2014)

nigrostriatal tract
v

mesocortical tract

tuberoinfundibular tract

Figure 1.1 Dopaminergic pathways Dopamineis produced andreleased via four different pathways
mesolimbic tract, mesocortical tract, tuberoinfundibular tract and the nigrostriatal tr&ource of image from
(S. M. Stahl 2008)

DA has two families of receptors;-ike dopamine receptor family and.Oike dopamine

receptor family(Shin & Chung 2012Yhe DB-like dopamine receptor family consists of D



and I3 receptors whereas the Hike dopamine receptor family consists of, s, and
receptors (Gurevicha et al. 2016Both O and D receptors are the most abundant DA
receptas (Jaber et al. 1996; Gurevicha et al. 201B) receptors have been linked to
cognitive im@irment when too much DA is releaggtiggeKaufman 2005)it is known that
cognitive dysfunction is a core feature in matis diagnosed with SQEi et al. 2016)A
relationship between increased DA binding to the prefrontal cortexré&eptors and

cognitive dysfunction has been found in patients diaggwwith SCBrisch 2014)

The D receptors are G protein familyreceptors which functions in intracellular signal
transductionto regulate DA concentration within the neuro(Emilien et al. 1999; Zhen et
al. 2015) Dysfunction of the P receptor has been found toncrease dopamine
concentrdion in psychiatric disorders such &CZand depressior{Schwalbe et al. 2017)
This is supported by the massion of psychotic symptoms with administration of first
generation antipsychotics (FGA, also referred totgscal antipsychotics) and second
generation antipsychotics (SGA, also reddrto asatypicalantipsychotics{Saddibha et al.
2008) which primarily and selectively block the dopamingoDst synaptic receptors in the
brain (Sampaio et al. 2017Most FGA prescriptions are for the blocking efr€ceptors to
effectively target the positive symptoms of SCZ. Howehkerblocking of Rreceptors by
cCD! Qa OFy OldzasS G22 tAGGES 5! (2 o(Setdl 1Sy
2016)

1.4 Pharmacological treatment of psychosis

The first atipsychotic medication, chlorpromazine (GByake &Mueser 2002; Gowda et
al. 2017) a typical antipsychoticFGA, wasRS @St 2 LISR Aagide (sdtvthg aschp n Q& .
chronic medication it is effectiven emergency situationend uponadmission to calm
actively psychotigatients (AbouSetta et al. 2012; Campillo et al. 2015pecificallyCP
attenuates acute psychotic symptoms includiagitation and excitement, as well as
attenuating positve symptoms, i.e.hallucinations and delusiongBan 2007) CP is
considered to be a lowpotency FGA as it has a lower risk of side effects compared to other
C D!, @.ghaloperidol(Jibson 2018) CD! Q& aaddz@lidperitiodiact/bynhibiting the
Cytochrome P450 2Dghzyme interruptingdAT thus calming an agitated patie(@ampillo

et al. 2015; Jibson 2015Fytochrome P45@D6is an enzyme which metabolizes both m
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tyramine and p tyramine, hydroxytryptamines andeurosteroidsinto dopamine in the

brain and live(Wang et al. 2009)

FGAs havéeen shown to suppress the positive symptoms (i.e. hallucinations, delusions

and disorganization) of SHill et al. 201Q)However, studies have shown that high doses

2F CD! Qad A®dSd OKEf 2NLINRBYLF T Ay S (Weickért & Gobilterg 6 2 NJA ¢
2005; Hill et al. 2010)Aside the mode of action in antagonizing the i@ceptors,
chlorpromazine is also a potent muscarinic receptor antagqdibson 2015)The action of
chlorpromazine antagonizinghe muscarinic receptors and >Dreceptors, can cause

potential cognition slowindWeiss et al. 2002Psychiatric patients who were prescribed

lower dosages ofFGA showed mild to moderate cognitive improvement, a reduction in

speed and motor performance wasll noted (Weickert & Goldberg 2005)

Treatment with FGA can result in the development of extrapyramidal side effBorac et

al. 2014) In vitroa § dzZRA Sa O2y RdzOGSR (2 dzy RSNBROFYR (KS
when more than 80% of the ;Deceptors are blocked with antigshotic medicabtns,
extrapyramidal side effects are prese(dnanth et al. 2001)These extrapyrardal side

effectsin FGA can include; rigidity, bradykinesia, tremor, akathisia and tardive dyskinesia
(Jibson 2015)The understanding of howxtrapyramidal side effectare caused was found

by conductingin vivo animal studiesby injecting wih a D receptor antagonist, which

induced the rats to catalepsy stagdnanth et al. 201)

Anticholinergics ite. orphenadrine) help to counter or reduce the extrapyramidal side
effects (Hill et al. 201Q) This occurs by the blocking of muscarinic receptors with
anticholinergic drugs, thus preventing the acetylcholine activity and decreasing muscle
rigidity and tremor (Rehse et al. 2016)it has also been used in the treatment of
parkinsonismdue to the musle relaxant prperties (Campillo et al. 2015; Lertxundi et al.

2017) Parkinsonism occurs as a result of substantia nigra striatal dopamine degeneration
resulting in the bradykinesia, tremor and rigidity seen in some patienfersod from this

side effect(Emilien et al. 1999; Shin & Chung 2012yen though anticholinergics help
O2dzy i SNJ GKS aARKBI STFEDQa22F RDOAIQE@Engaiided Sa ¢
side effects which include; dry or sticky lips, pale and cool dry skin, urinarydelispr

increased anxiety, rapid breathing, cardiac arrhythmia, tachycardia and shallow breathing



(Mintzer & Burns 2000; Hu et al. 2018hen the use of anticholinergics in combination

with FG Qa4 KI @S 0SSy aKz2gy G2 Ol dzaS (HR&G&NBRS S
20100 CdzNII KSNE KA IK R2aSamunfed tieDeévelodpmedtiofia newS T |
line of antipsychotics, atypical antipsychotics (SGAs) having reduced extrapyramidal side
effects(Jibson 2015; Jibson 2017; Sampaio et al. 2017)

{ D! Q& | NB I { & LI O lwére moyelletl frdindh® RibipOrazidefivad K

et al. 2014) { D! Q& 6SNB RS@Sft 2 LIS Rperitloyfie atdK Ganzapipeyy N1 Q& >
(Watanabe et al. 2010; Abebetta et al. 2012hich are effectivein the treatment of
positive and negative symptoms within SCZ, bipolar mania, acute agitationotirer
psychiatric conditions such as major depress{@hang et al. 2013; Jibson 2007) { D! Qa
function by actingas a serotonindopamineantagonist (targeting the -biT>a receptor) and

a D receptor antagonist(Hill et al. 2010; Mauri et al. 2014; Guzman & Farinde 2016)
/ 2YLI NBR (2 indith®&et afffniy totha Breeceptors(Ananth et al. 2001)

In a situation wherdallucinoges (i.e. lysergic acid diethylamide or LSD) is usggthotic
symptoms can psent and persist(Geyer & Vollenweider 2008)n the case where a
patient is presentig with psychosis as the result & HTa hallucinogen, serotonin
antagonists can bprescribedto reduce the presence of psychotic sympto(Rytlak et al.
2011) h ¥ G KS OdzNNBEB Yy lispdriibhe@as fourd ltoA Havesd HigBeX risiNdf
extrapyramidal side effect@libson 2017)Other SGR & & diGrKpiné,and quetiapine

are known to have anticholinergic properti€ibson 2017)Quetiapine is useds a first line
treatmentin BPD and SG&ianfrancesco et al. 2005; Calabrese et al. 2@hd)has a high
affinity for musarinic receptorsand low affinity for D receptors (Nielsen et al. 2015)
Quetiapine was found to decrease stress induced cell proliferation in the hippocampal
region in the brain of patients suffering from a psychiatric disor(ieief et al. 2016)
Clozapine, compared to quetiapine, is generally used as a lastectamtipsychotic
treatment especially for patients who are not responding to first line treatméktsrder et

al. 1991) The side effects of clozapine extend even furtheduced ocular blindness is a
side effect of clozapine which can fortunately be reversed through treatment with
risperidone (Gowda et al. 2017)However, cardiometabolic adverse efte and weight
gain, remain a concern for SGAlbson 2017)The cardiovascular diseases associatet wit

psychiatric disorders are caused by the induction of vasodilation and natriEasiten et
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al. 1999) When increased levels of DA are released th blood stream, stimulation of
the h-adrenergic receptors occurs causing a rise in blood presfuwe.to theincreasein
cardiovascular diseases and obesity in individuals with a psychiatric disarddrods and
other medications need to be developed teduce theside effects of SGA medition
(Saddichha et al. 2008)

Both FGAR and SGA have their pros and consand all might not work due to the patient

having drug resistanc@AbouSetta et al. 2012; Leucht et. &1013) However, even though

{ D$ de more efficient, thg can be quitecost @ O2 Y LJ- NJ Buchiie al. Q@13) Q &
lfaz2sy GKS f2y3 GSNY dzaS 2F CD! Qametagoik { D! Q
syndrome which is currently affeatig most prescribed antipsychotic medications for long
periods of time(De Hert et al. 2008; Seow et al. 201K)etabolic syndromecauses the

individual to haveincreasedrisk for diabetes and cardiovascular disease which can

essentially lead to deat{tGraham et al. 2008)

There are currently different treatment guidelines for the management of mamd
depressive episodes. These treatment guidelines help by reducing the reoccurrence or
frequency of acute episodefRief et al. 2016)Currently to prevent both manic and
depressive episodes in patients diosed with BPD, monotherapy with fhlgte
treatments, including SGAs are administe(B@tter et al. 2016)There is currently ongoing
research into the reduction of hospital admissighsough the use of longacting injections
(Kisely et al. 2015)The production of longacting injections (i.e.risperidone and
olanzapine) is highly recommended for the prevention of ma(douSetta et al. 2012)
Depot injections are also seen as a treatment option in the psyctdisorders, due to
severity of illness or neoompliance to medication(Wingard et al. 2017)Depot
antipsychotic medications are administered intramuscular to psychiatric pati@uberts

& Geppert 2004) Theoreticalf, depot antipsychotics have a greater effectiveness
compared to oral antipsychotic medications as it does not go through the harsh acids in the
stomach (Citrome et al. 2010)With increasing the effesteness of tratment, costs
involved in the management of the psychiatric disorders can be red(iGsdly et al. 2015)
Examples of depot antipsychotic medicationgnclude Flupentixol, Zuclopenthixol and

Fluphenazine which are typicahtipsychotic§fGuzman & Farinde 2016)
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1.5 Gene and environmental interaction

Genetic andenvironmentalfactors influencewhether an individual will develop psychosis
(Olvet & Hajcak 2009;elrez et al.2016) Previous genetic studies have shown there is an
increased risk in developing a mental illness if there is a family history of psychotic
disorders(Ayano 2016)SCZ is known tiee highlyheritable, evidenced byenetic twin and
family history studiegMandelli et al. 2014)Individualsrom parents with diagnosis 8CZ

and monozygotic twins have a 40% chance of inheriting tteamtal disorder A similar

effect was seen in patients diagnosed with BEDIi et al. 2012)BPD genetic studies in
siblings and twindhave shown that children from parents with diagnosisBéfD are more
susceptible to developing BPD or unipolar disorder. Monozygotic twins are at a higher risk
(40-70%) of developing BPD compared to dizygotic tvmadlock et al. 2005)Children

born from a parent diagnosed with BPD has a 10% chance of developing BPD themselves or
another psychotic disorde¢Juli et al. 2012; Ayano 201&lowever, the development of
other psychotic disorders does not follow the Mendelian pattern of inheritan@ane@c

twin studies have revealed insighttinthe strong genetic components to developiB§D
Thetwin studies have shown that monozygotic twins have a 75% concordance compared to
dizygotic twins (10.5% concordance) in developing BRD et al. 2012)Adoption studies

have shown that the child of a BPD parent still has the risk of developing BPD even though
they are not living wh their biological parent§Ayano 2016)This shows that an individual

who carries the susgtibility genes is still at risk of developing BPD irrespective of their
environment(Jui et al. 2012) However, this does not mean that environmental influences

OFyQiét AYyONBIAS GKS NR&a|l 2F RS@OSt2LAyYy3 | LAl

A prime example of the environmental interaction crossed vgémetic vulnerability is the
abuse of methamphetamine, lich causes overstimulation of the DA systems. Psychosis
due to MA abuse, is suggested to result from hereditary-gisposition to psychiatric
disorders and drug uséPerry & Juhll977; Hermens et al. 2009; Shariat & Elahi 2010;
Zarrabi et al. 2016)Other environmental risk factors may seem less direct and include
adverse psychosocial influences, e.g. childhood trauma, imgughysical and sexual
trauma(Tsuang et al. 2004; Perez et 2016)or dysfunctional relationship pattern through

development, which can also promote the use and abuse of substgiSmsnidt 2007,
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Adzic 2012; National Institute of Health and Clinical Excellence 2014; Quach et al. 2016)
Other environmental influences can includaccess to goodutrition and stressluring the

Y20 KSNAEQ (MagiEey &l. 2@ R)e.g. malnutrition of the mother can starve the

baby in utero, potentially causing hormone and chemical imbalances as well as
underdevelopment of the brain and other orgafSchmidt2007) Also, mothers who use
ddzoaidl yoOSa RdzZNAy3I LINB3IyYylyoe OFly AyONBlas

neurodevelopmental disordef@merican Psychiatric Association 2013a)

Another gene environmental interaction, which continues to increase is social adversity,
e.g. refugee or asylum seekers, and urisation(LaPorte et al. 1994; Hermens et al. 2009;
Tandon et al. 2009; Adzic 2012; Mandelli et al. 2014; Basset et al. 2014; Tsuang et al. 2004;
Seedenina et al. 2017; Kirkbride et al. 2018pcial adversitynechanisms have been found

to be the link between genetic and environmeniateractionwhich aid in the development

of psychosisln addition, it has been noted inokh men and womernhat have moved from

rural to urban areasshow greater susceptibilityotthe impactof the high prevalence and
availability of drugs, antiigh levels osubstance induced psychosishave been reported
(Kirkbride et al2012; Perez et al. 2016)

Prognosis related environmental ridlactors for those with diagnosis of SCZ are also
apparent. Patients may go untreated, e.g. limited infrastructure within health care system
or family are unable to pay costs éatment or therapy, or stop taking their medication as
they feel better or @ not want to be controlled by taking medication, particularly apparent

in paranoid patients with a psychotic disordétyman et al. 2001; Chong et al. 2016)

1.6 Cogritive deficits in schizophrenia, bipolar | disordEnd methamphetamine indwex

psychotic disorder

Areas of the brain associated with cognitive deficits are generally the frontal and parietal
lobes. The frontallobe is associated witltcognitive functiomng, and not limited to,
attention, reasoning, planningnd problem solving. Dieits within the frontal lobe can lead
impaired cognitive functioriDias et al. 2011)The arietal lobe is associated withbut not
limited to, orientation, recognition, perception of ishuli, and their associatianDeficits

within the parietal lobe can lead to ¢hinability to recognizealient stimulisuch as faces,
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letters and patterns.It is known that mental disorders are characterised by cognitive
dysfunctions(Rief et al. 2016)Cognitive deficits are seen as the primary limitation to
integration of individuals with a diagnosis of SCZ into sodidty et al. 201Q) Specific
cognitive deficits highlighted include dgkd memory recall, reduced processing speed,
poor attention and concentration and impaired executive fuoging (Harvey 2011)
Negative symptoms associated with SCZ have been found to correlate with the cognitive
decline of the affectedndividuals over time(Nielsen et al. 2015)This correlation can
however be influenced by &g predisposition due to genetics, and environmental

influences.

Cognitive dysfunction are also seen in patients with mood disorders i.e. BPD amdslepr
(Harvey 2011)However, the severity of cognitive impairment is greater in &@xpared to

BPD (Trivedi 2006) Within BPD, cognitive dysfunctions include attention, executive
function, learnhg, memory, and psychomotor spe¢ilartinezAran et al. 2004; Reddy et

al. 2014) These cognitive ydfunctions are found to be worse in patients presenting with
active BPD symptoms of depression, mania and residual dysthymia compared to BPD
patients in a period of euthymia(Harvey 2011) Impulsivity associated with sustained
attention deficits, are comparable in BPD and §Dickman 2000; Camelo et al. 2013)
Specific neurotransmitter systems (i.e. dopamine and serotonin) have been related to
impulse belaviour (Atmaca 2014)it has also been suggested that impulsivity in SCZ and

BPD are influenced by antipsychotic medicatiReddy et al. 2014)

There are many debates on the effect thdtA has on neurocognitive function however,
many studies reveal contradictory results regarding cognitive dysfunction in (A&t et

al. 2007; Hart et al. 2012; Paulus 2Q173¥ychostimlants, e.g. MA, have beeshown to
RA&LI FOS 5! G4 NBOSLI2N) f S@St RdzS G2 AdaqQ
MA decreases the function of DA, from over activation of the DA sy@Bssrer et al. 1997,
Rusyniak 2012)As the individual uses higher doses of MA, the production of DA is
decreased, in an attempt to attenuate over activation of the DA sysfdan 2013)
Methamphetamine has been notedo affect executive fuation (Rusyniak 2012)
Impairments in executive functioning affect strategic planning, behavioural initiation, and
goal directed behavioufMahurin et al. 1998)These traits along with ipulsivity, are often

described in SCZ and BRRoob & Volkow 2010)Koob and Volkow, (2010) stated drug
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addiction is associated with impulsivity and compulsive behaviour. S&igin of the
dopaminegic system has been suggested to underlie behavioural and drug addictions
(Carter et al. 2011) In MPD cognitive defits were found to perst long after
methamphetamine us€Scott et al. 2007)and this is apparent within frontostriatal and

frontolimbic systemgPetit et al. 2012)

We do not fully understand the biological mechanisms which lead to the cognitive
synmptoms apparent in psyclsis. Attempts to understand the underlying mechanisms of
cognitive dysfunction in the psychotic disorders is continual, in the clinical research setting
and by use of animal mode{&milien et al. 1999; Weiss et al. 2002; Harvey 203ajlly,
cognitive dysfunction in psychotic illnessesot treated with current medication regimes
(Featherstone et al. 2007And the duration of antipsychotic treatmeand high doses of
antipsychotic medication have been shown to aid in the decline of cognitive function
(Rehseetal. 201B) I f 6 SA G Y2 NB | LILI NGB é alReINVihihe Q3 @S
development of{ D!, fh@& dosage of antipsychotic medication was lower, and is more
efficient in helping treat negative symptoms and cogive impairment(Sampaio et al.
2017) apparent for olanzapine and risperidon@Neiss et al. 2002; Weickert & Goldberg
2005) It is purported that most SCZ patients who are receiving managedinent can live

a productive life if thaicognitive impairment is not sevefelarvey 2011)

1.7 Sustained attention deficits in schizophrenia, bipolar | disorder, and

methamphetamine induced psychotic disorder

Attention is a key cognite function that has been shown to be dysétional in SCZ and
other psychotic disordergRief et al. 2016)Attention is a resource demanding process in
which the brain decides what to process, i.e. salient versusrat@vant information(Shipp
2004) It is accepted that there are four different types of attention: sustained attention,
divided attention, selective attention, and alternating attention. Sustained attentio
determines the efficiency of divided and selective attenti(®arter et al. 2001)As an
example, sustained attention can be seen as the ability éaantainfocus on a specific time
locked stimulus within a tasffFeatherstone et al. 2007The theory of sustained t&intion,

is currently suggested to be reliant on the mindfulness theory stating that errors created

with sustained attentional tasks are related to mind wondering causing a shift in focus on
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internal thoughts(Helton et al. 2009)There are four neurotransmitter systems which are
involved in sustaining teentional processes: the primary system involved is the locus
coeruleus norepinephrine system, however the raphe serotonin system, acetylcholine
system, and mesocortical and mesolimbic dopamine systems are also inyOlkeda et al.
2006; Javitt 2009)

Of particular relevance, in the psychotic disorders, is the role of dopaminergic dysfunction
that underlies attentional deficits{Hart et al. 2012)Dopaminergic dysfunction was found

to be related to the efficiency of Iyeceptors (Cohen et al., 199&nd the functioning of

the basal gangli§gSotoyama et al., 2011Yhe basal gangliae the globus pallidus, dorsal

and ventral striatum, ventral pallidumg-corpus striatum, the substantia nigra and the
subthalamic nucleusstriatum.—The basalgangliais involvedin voluntary movement,
cognition, reaction time and emotiofGruerdler et al. 2011)The basal ganglia has a limbic
sector (mesolimbic pathway) which is involved in reward learning and interacts with the
prefrontal cortex to control attentional processirfgan Schouwenburg et al. 201Ruta et

al., (2014) conducted a study which addressed sustainesh@in and the basafjanglia
region in first episode psychosis. The study revealed hyperactivation of the globus pallidus
during attentional tasks prior to the onset of psycho@iauta et al. 2014)Antipsychotic
medication has been shown to improve attentional processing in psychotic disorders
(McGurk et al. 2004)An example of tasks which test for sustained and selective attentional
processing deficits include the continuous foemance task (CPTPerlstein et al. 1998;
Filbey et al. 2008)which can beyresented visually mauditory (Huang et al. 2007)The
visual system consist of two pathways, the magnocellular and parvocellular system, which
processes the visual environmef@ohnson et al. 2005)n patients with SCZ, cortical visual
processing is impaired causing difficulties in object recognition, reading and motion
detection (Javitt 2009) Even- related potentials (ERPs) have been used to determine and
understand visual processing impairments. Furthermore, ERPs have been used to study

attention more specifically the neural circuitry involved in attent{twack et al. 2000)

1.8 What is Event related potential (ERP)?

It is possible to investigate corticpfocessing of tasktisnuli via record ERPd.uck et al.

2000; Saavedra & Bougrain 2012n ERP is the electrophysiological response to a-time
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locked stimulus, recorded during electroenteiography (EEGHuang et al. 2007; Dufau

et al. 2009) The ERP refers to a specific window of time immediately befa@®ins) the
stimulus of interest and shortly therealt (+800ms). Within the ERP there are positive and
negative deflections. These positive and negative deflections represent wave component
of the ERP. The time at which they occur (latency reported in msec) and the size of the
deflection (amplitude reportd in Hz) are measures extracted from the ERP and are related
to specific cognitive process¢Saavedra & @igrain 2012) There have been many studies
conducted focusing on the ERPs for visual related t@dksigun & Hiyard 1991; Van Der
Lubbe & Woestenburg 1997; Hillyard & ArMento 1998; Luck 1998; De Pascalis &
Speranza 2000; Ken 2004; Pourtois et al. 2008; Takeda et al. 2008; Nemrodov et al. 2011,
Huang et al. 2011; Saavedra & Bougrain 2012; Howells et al. PQdwlas et al. 2014;
Vareka et al. 2014; Oribe et al. 2015; Frey et al. 2016; San Martin et al. 2016; Luck et al.
2000). Within these studies, typical wave components include: P100, P150, N170 and P300
(Onitsuka et al. 2013k.g. the P100 waveform is a positive (P) wave component that occurs
approximately 100 msecs after the preserntet of the stimulus To produce a reliable ERP

for a specific stimulus a grand mean average is obtained (an averageeasa 20 ERPs
which are overlaid), this is to remove artefact, i.e. cortical activity, which is not related to
the stimulus of the taskeing completed. There are several prominent wave components

related to visual attention processes.

The N70 ERP wawei reflects somatosensory processing which occurs before the
occurrence of the visual P150 E@@lams et al. 2017)The ND ERP waveforms of smalt
amplitudewith a negative (Ngleflectionthat occurs approximately0rmsec atr the visual
presentation of a stimulusThe standard window in which the peak occurs is betwe@n 6
and 110 msec(Antal et al. 2004; Heimrath et al. 2012; Chapman et @32 The N70 is
associated with the activation of the striatal cortex and also reflects the extrastriata
activity, which is posterior to the visual cortgfaintAmour et al. 2005) The N70 ERP
waveform has been studied in somatosensory based tg&&mtAmour et al. 2005; Arnfred

et al. 2000; Bolton & Staines 2011; Arnfred 2008ffects of medication on ERPs in

I £ T KSAYS NEhapmanletab 20433%ndin EEG studies using transcranial magnetic
stimulation(Heimrath et al. 2012; Aat et al. 2004) There are very few studies which have

addressed the N70 ERP in SCZ, BPD and MPD. In one stualy(E&@ ERPs recorded from
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electrodes positioned over the frontal cortex) N70 amplitude was observed to be greater in
SCZ compared to conls during the presentation of a primed stimul@drnfred et al.
2006) The N70 has been shown to be integrailyolved in visualspatial attention(Balslev

et al. 2013; Adams et al. 201 #urther research isequired to understand the potential

differences between the psychotic disorders.

The second waveform of interest is the P100 ERP wavefdnioh is a smathmplitude,
positivedeflection that occurs approximately 100 msec after the presentation of the targe
(Burra et al. 2017)The P100 is also noted as the first positive peak after the N70 ERP
waveform(Antal et al. 2004)or as an arly P150 which starts a few milliseconds before the
initial start of the P150(Coch & Mitra 2010) The P100 is associated with attention
demanding task¢Bolton & Staines 2011yet the exact link to cognitive process(es) remain
unknown (Campanella et al. 2006)The P100 has been hypothesized to reflect facial
processing \ile the later N170 is related to the structural énd of the facgHileman et al.
2011) The irtial processing by the P100 followed by the N17@idates that the P100 is
involved in cueing. An attention based study showed that the right central P100 amplitude
is greater when an individual attended to a specific stimuli compared to when a stiasili w
ignored (Bolton & Staines 2011)This same resuuwas repeated within another visual

attention basel task involving a sequential string of letters and distra¢Biehl et & 2013)

Studies on the P100 in SCZ report attat@ad P100 amplitude while in BPD it is enhanced
(Campanella et al. 2006; Earls et al. 20T6)e P100 amplitude and latency deficits in SCZ
were linked to the parietal cortegdohnson et al. 2005Yhese P100 differencas patients

with SCZ are sensory processing deficits, that are likely to impact attentional processes
6{ dzt S2YI y LI OBeansorg firocéssing deficitsvnclude the brain not processing;
sight, smell, hearing, touch and tag@ampanella et al. 2006Ylore frequently, visual tasks

use facial emotionbased tasks to determine global processing of visual perception. Overall
SCZ was found to have an attenuated P100 amplitude for fexial and facial cues
compared to healthy control§Onitsuka et al. 2013suggesting deficits in the absence of
specific types of stimuli. In BPD the P100 amplitude was shown to beasecdre€ompared

to controls (CON) based on the data collected from a visual based task involving faces
exerting emotion, and this has been related to emotional dysregulation in BPD and

impairment of prefrontal cortical processir{gerchio et al. 2017How the P100 amplitude
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is related to attentional processing that does not carry emotional valence in BPD needs
further investigation. Patients having decreased concentration and impaired sensory
processing have been noted to have attenuated P100 amplitude and lengthened latency
(Wahlstrom 2014) Even though very little research has been conducted on MPD, EEG
analysis of MA users were showm have slower and poorer performance in attentional
tasks compared to controléCeballos et al. @9) The P100 may be a useful marker in
distinguishing sensory processing deficits that afegtentional processing in SCZ and BPD.

It would further be interesting to see if MPD P100 amplitude was attenuated or greater,
and if P100 latency is lengthed or decreased, to see if the P100 plays a role in attentional

dysfunction seen in MPD.

The N1D was first discovered upon the visual presentation of fatesk 2005; Dundas et

al. 2014) It was later found that the N170 appeared after the presentation of known words
(Luck 2005)The N170 ERP wefeorm is a negativeeflection that occurs approximately 170
msec after stimulus presentatioffreuerriegel et al. 2015The N170 was found to be right
lateralized(Hileman et al. 2011however, there are instances where the N170 amplitude
was found bilaterally in relation to expert or exgive functioning. Tanaka et al. (2001)
showed that the amplitude does remain slightly attenuatéd the left hemisphere
compared to the right hemisphere. Furthermore, studies involving emotional based tasks in
the form of faces have shown that within BRi2 amplitude for happy faces were larger
than that of sad facegFeuerriegel et al. 2015; Minami et al. 201B)eficits in facial
processing have been linked to underlying decision or semantic gsotgCampanella et

al. 2006) In healthy individuals with typical development, the N17@aty is delayed and

the amplitude is increase(Hileman et al. 2011)The N170 has been previoydbund to
have an attenuated amplitude in patients with SCZ during the presentation of neutral and
emotional facial imagegOnitsuka et al. 2013; Feuerriegel al. 2015; Cao et al. 2015;
Maher et al. 2016)Further studies in SCZ revealed that theme aeductions in N170
amplitudeswhich was not apparent in thefirst- degree family membergOnitsuka et al.
2013) In early onset SCZ transient visual evoked potential studies addressed the P100 and
N170 early visual cortical responses and found attenuated amplitBetler & Javitt
2005. Studies conducted between BPand SCZ revealed the N170 latency was delayed
compared to CON during word and facial proces$ildgnn et al. 2013)Then in a dierent
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study looking at word processing, the N170 latency was shortened indicating
deficits/absence of earlier sensory processi(8trelets et al. 2015) Currently the
knowledge available within the N170 ERP waveform mostly covers famiblemotion
processing within GN, SCZ and BPD, very few address attentional procds3gnura et

al. 2015) Decreased N170 amplitudes in SCZ and BPD support deficits in understanding or
processing of emotions. Okumura al, (2015) found that the same results collected for
letter and word coding are consistent with left lateral N170 amplitude and latency in early
visual processing. Then, more research is needed to investigate N170 differerithin

MPD, and to see whe#r N170 amplitude and latency are similar in SCZ and BPD when

processing nhonemotional stimuli

The P300 eventelated potential waveform is thoughto represent cortical updating
processes(Sur & Sinha 2009)The P300 ERP waveform is a largmplitude, positive
deflection that occurs approximately 300 msec pasimulus presentation The P30
waveform has been studied in a mix of visual and auditory tasks in healthy control and in
individuals with various mental disorders. The P300 has been widely studied (R&T 2t

al. 2007; Oribe et al. 2015; [ et al. 2009) These studieshow that theP300 waveform

in SCZ is usualgttenuated (smallamplitude) and delayedlongerlatency) in response to
target stimuli(Ethridge et al. 2015; VanMeerten et al. 201Bdth Ethridge et al (2015) and
VanMeerten et gl (2016) suggest that P300 atigated amplitude and delayed latency
provides insight into the potential mechanisms involved in attentional processing within
SCZ and BPD.

P300studieswithin BPDare few However, from the few studies conducted a reductian i

P300 amplitude has been reped in patients diagnosed with BRDuretsky et al. 2007;
Ethridge et al. 2015Both studies revealed that attentionatqressing is altered, as seen by

the P300 waveform differentially in BPD and $0G2kokKilic et al. 2001; Kuperberg 2004;
Johannesen et al. 2013; Ethridge et al. 201i5ding P300 amplitude is globally reduced in
SCZ, then BPD show reduced parietal P300 amplitudes, when conwaétnezbntrols, then

no P300 latency diffences were reported. Reduced P300 amplitude is associated with the
visual and attention processing within SCZ and BPD. In SCZ and BPD, the reduced
amplitudes, and at different cortical regions, frontal vs. pafietae suggested to reflect

primary cognitve deficit related to these psychotic disorddiuretsky et A 2007; Roth et
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al. 2007; Chun et al023) To date no studies have been conducted in MPD and it would be

interesting to see if they too show deficits in their P300 waveform.

To address the limited literature on attentional processing deficits actbge psychotic
disorders, and clear absea of studies in MPD, we developed a visual continuous
performance task to investigate voluntary sustained attentfbielton et al. 2009)First, to
address response to target stimuli and prominent ERP wave components, as described
above. Second, to address thetpntial role of cueing ERP wave comporseint attentional
dysfunction, which has not been formally addressed across the psychotic disorders, this
was based on previous work by our laborat@ifowells et al. 2012)which found significant

differences in how BPD processed cueing information.

Sustainedattention is known to be dysfunctional ipsychotic disordergRief et al.2016)
Sustained attention is the aliif to remain focussed on a specific timecked stimulus

within a task(Feaherstone et al. 2007)Many studies hawlooked at sustained attention in
SCZOW2Ky&azy SiG fd wnnpT [ FYLIyYySttlr S to
2017)and BPDOMartinezAran et al. 2004; Harvey 201However, very few studies have
investigated sustained attention in MP@¥vonne 2006; Fassbender et al. 20IH)rough

using a visual sustained attention focused continuous performance task (CPT), wa@imed

(1) determine whether there are speidfgroup differences between CON, SCZ, MPD and
BPD. This included differences in (a) behavioural performance while completing the task
and (b) prominent electrophysiological evemtlated potential (ERP) wave cooments

during cueing and target processing

(2) Few studies have investigated the relationship between ERP waveform components
with demographic, drug use, clinical variables, and behavioural performance. In this study
we aimed to characterize relationslsipgthat are apparent across groups and datee
whether there are unique relationships with specific psychotic disorders. Due to the limited
studies addressing the potential interaction of demographics, drug use and clinical

variables, this study strictigharacterized these relationships.

(3) Despite the current knowledge to the positive and negative effects of psychotropic
medication, very few studies have addressed the effects they have on behavioural

performance and ERP wave components. In a revievdwcted by(Amato et al. 2017it
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was evident that effects of medicatiommeurological systems within psychoticaliders

are unclear. This limitation is due to most studies only focusing on a single psychotic
disorder and comparing it to a healthy control group. By incorporating more than one
psychotic group, effects of mediton can be investigated across the psytit disorders to
distinguish whether there are differences. With this study we aim to investigate medication
dzaS YR AGaQ LRGSYGAlrf STFFSOUGZ o6& 3INPRdzLIAY 3

psychotropc medication, this was made possible bgluding three psychotic disorders.
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Chapter 2 Methodology

2.1 Participants

A total of 103 participants were recruited for this studyThis included the recruitment of
participant with diagnosed psychotic disorderschizophrenia(SCZ, N= 27), bipolar |
disorder with a significant history of psychosis (BPD, N=r28hamphetamine induced

psychotic disorder (MPD, N= 21), amatis-demograhic matched control§CON, N= 27).

2.2 Inclusion of participants

All participants were between the ages of 18 and 40.pAlticipants were interviewed,
using the Structured Clinical Interview for Diagnostic Systematic MaNugsECIIDSMIV)
(American Psychiatric Association 19989r the psychiatric groups, only outpatients were
recruited. Individuals recruited for SCZ group had clear diagnosis of schizophrenia as other
disorders from the schizophrenia spectrum wesxcluded, e.g. schizoaffective and
schizophreniform(American Psychiatric Assatton 1994) Individuals recruited for BPD
group had clear diagnosis of Bipolar | disorder with a significant history of psychosis
(American Psychiatric Association 199dnd currently euthymic (e.g. no presentati of

mood polarity)(Mccormick et al. 2015)ndividuals recruited for MPD group were included

if it was clear that the cause of the psychosias a result of methamphetamine use
(American Psychiatric Association 2013#&)dividuals recruited for CON group were
included if there was an absence of mental iliness, including psychosis or psychotic
symptoms (DSM Axis | disorder@\merican Psychiatric Association 1994urther,
particdpants were not recruited if they presented with an active mood state, e.g. depression

or anxiety, to reduce potential interference on ERP wavefqi®tigigeKaufman 2005)
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2.3 Exclusion of participants

Participants were excluded tihey reported a history ofelectroconvulsive shock therapy
transcranial magnetic stiulation; epileps/, including childhood epilepsyr known family
history; major brain trauma or brain surgeigcluding stroke or brain aneurisranychronic
medical ilhessthat required medical care or prescription medication, €igromyalgia
diabetes known HIV positive stas; history of gychosis as a result of a general medical
condition; females that wergregnant or breastfeedingand any individual who presesd

with clinically apparent mental dysfunction.

Further exclusion criterion were applieas the research participants also underwent
magnetic resonance imaging as a separate part of the umbrella project, these additional
exclusion criteria are as followphysiological implanfe.g. pacemakey cochlear implant
aneurism cli; extensive tatbos on upper body;piercings thatcould not be removed
possible shrapnel or bullets ithe body;any form of severe motoric disturbances above a

very minimal tremoy eg. no tardive dyskinesia, akathisia, etc

2.4 Ethical considerations

Ethical clearance foi KS NXa Sl NOK &addzReée gl a 20aGFAySR TN
Health Sciences Research Ethics Committee (HREC Ref No: 192/2010) and was conducted in
accordance wh the Declaration of Helsinki. Furthermore, approval was obtained from the
Western CapeProvincial Government and respective hospitals (appendixnigortantly,

this was a multimodal imaging study, of whitte EEG and ERPs were collected during a

sustaired attention task. For this thesis, only the ERPs was analysed.

Participation in the cuent study was voluntary and participants were allowed to exit the
study at any time during their participation. Prior to participating in the study participants

were required to sign informed consent (appendix A).

2.5 Study procedures

Participants were regued to present at 08h00. This study included several brain imaging

modalities, including EEG recordings and MRI scan. The focus of my study was the ERP
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analysis from tb EEG recording. All ERP recordings were collected between -11211D
during a workig week day. In addition, participants completed several subjective
questionnaires during the day and if from a psychotic group they also completed several

clinical scale with a clinician after the battery of brain imaging modalities.

2.6 Demographic informatn, clinical scales, and subjective questionnaires

The following demographic information was collectegnder,date of birth education and
handedness. Thelinical demographicinformation related topsychotic groupsncluded:

age of onset of thelisease duration of illnessand current medicationregime.

The Psychotic symptom related clinical scale included the Positive and negative syndrome
scale (PANSShich isan operationalised and drugensitive instrument used to assess
positive and negtive symptoms in schizophren{&ay et al. 1982)The positive symptom
subscale includes delusions, ceptual disorganization, hallucinatory behaviour,
excitement, grandiosity, suspizisness, and hostility. The negative symptom subscale
addresses emotional withdrawal, poor rapport, passive/apathetic social withdrawal,
difficulty in abstract thinking, lacf spontaneity and flow of conversation, and stereotyped
thinking and assesse®rf blunted affect. Lastly, the general psychopathology subscale
assesses somatic concern, tension, mannerisms and posturing, anxiety, feelings of guilt,
depression, motor retalation, uncooperativeness, unusual thought content,
disorientation, poor attenthn, lack of judgment and insight, disturbance of volition, poor
impulse control, preoccupation, and active social avoidance. The PANSS scale uses a rating
of 1 to 7 to score mindividual for each section. The rating scale meaning is as follows;
absent 2 = minimal, 3 = mild, 4 = moderate, 5 = moderaevere, 6 = severe, and 7 =
extreme. For the results of the PANSS scale, a score of the ratings across items are between
7- 49 for the Positive and Negative Scales anell1B for the general psychopattagy

scales.

Then three mood related clinical scales were included; the Calgary depression scale (CDS)
which is a scale used to measure the level of depression in schizoplifetdington et al.
1990) the Hamilton depression rating scale (HAM a clinical scale used to assess

symptoms of depressiofHamilton 1960and the Young Mania Rating scale (YMRSgd
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to determine the sevety of manic symptomgYoung et al. 1978)he CDS scale was found

to be mae specific to depression in SCZ compared to the HAMNcale, as it helps
distinguish depression from negative symptoms of $Gibver et al. 2017)The CDS scale
comprises of 9 item# which if a patient describes 6 or more, the patient is said to have a

major depressive disorder. The HAM scale consists of 17 items, of which each item is

rated on either a 5LI2 Ay G &0l £t 82 OVib nd OI2INS oonbHO D | &C
indicates the presence of depression. The severity of the depression is graded as mild
(score of &13), moderate (score of 1418), severe (score of £92) and very severe (score

of > 23). Lastly, the young mania rating scale comprises of 11 items which arel dntme

four questions scored ¢8) and 7 items scored {@). The final scoring dhe scale is; mania

(YMRS = 12), depression (YMRS = 3), or euthymia (YMRS = 2).

Further, the Clinical Global impression severity scale-8}@ias used to determine illness

severity in psychiatrgAas 2011)The scale is rated 2; 1=normal, not at all ill, 2=borderline

mentally ill, 3=mildly ill, 4=moderately ill, 5=markgdll, 6=severely ill, 7=among the most
extremely ill patients. Lastly the Glokmdsessment of functioning (GAF) was used. The GAF

Aa I A02NRAy3I aeaidusSy dzaSR (2 ONRSFfe | aasS:
O2Yy&aARSNAY 3 (KS chdsodidl Srguingdancesk sydmpiogndBbehaviads and

the impact of the symptoms orktS LJ- G A Sy & Q& (Busdef & Ta@yumi2@07)¥F dzy O
The scale is sced out of 100; a score 0f-30 is a possible patient for inpatient care, an
individual with a score of 369 is a potential candidate for outpatient care, and a patient

with a score of 70 and higher may be a patient who is functioning too well for thé ake

any treatment(Aas 2011jAppendix C).

2.7 Electroencephalography hardware

EEG data was recorded using the Biopac MP150 data acquisition systerren 100C
biopotential amplifiers attachedBiopa Systems Incorporated 2012)he 100C amplifiers
are biopotential transducers used to amplify voltages smaller than 0.01 volts (10
microvolty, i.e. electrical brain siglemeasured in microvoltg.¥) collected via the EEG
electrodes of the EEG c#dBiopac Systems Incorporated 201Zhe EEG lycra cap used to
collect the EEG recordings hadstandard 10/20 systentontaining recessed yse tin

electrodes(Electrocap international inc n.d.)A referentiallinked ear referencingmontage
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was incorporated using a pair of 9mm Elee@Gap Tin Ear Electrodes. The Electrodes
contaired a plastic covered springlbackto hold the electrodes in place. The ten 100C
EEG amplifiers were connected using jumper cables for referencing to linked ear electrodes.
EEG channels recorded from included:-frantal (Fp, Fp), frontal (R, R), temporal (F,

Fe), central (6 C;) and parietal (B and R).

Then an electrooculography (EOG) 100C amplifier was also attached to the Biopac MP150
system, to permit the removal of eye related activity from the EEG recordings. Similarly to
the EEG 100C aotifier, the EOG 100C amplifiesused to amplifyvoltagessmallerthan

0.01 volts (10microvolty. Electrooculography (EOG) is a technique used to measure the
resting state of the retinaSiddiqui & Shaiki2013) Two 4 mm AgAgCl lead shielded

electrodes which was placed 1 cm below and 1 cm to the outer edge of the right eye.

Lastly, participants were grounded using electromyography (EMG) positioned on the
forearm. Groundig the participants through EMG recording, prevents the loss of the signal
of interest by reducing powerline noise interference as well as static en@ggta et al.
2016) This setup was defined by the overarching research project which paated
additional electrophysiological measurements, Cortical Inhibition and Attentional
modulation: A study of Psychosis (CIAMHREC/192). The setdpr AAM ¢ HREC/192
consisted oimagnetic resonance spectroscopy (MRBassess the level of brain chemals,
electroencephalography to assess electrical activity, and using electroencephalography with

transcranial magnetic stimulation to assess changes ictrédal activity

2.8 Electroencephalography software

The MP150 system data were collected using Biogaftware Acgknowledge 4.1 data
acquisition and analysis software (Figure 2.1). The software allows for instant viewing,
measure, replay and transforming amthalysis of the EEG data record@iopac Systems
Incorporaed 2012) The ten 100 C biopotential amplifiers attached to the Biopac MP150
system includedan electrooculography amplifigfEOG= channel Al12), electromyaghy
(EMG= channel Alland ten EEG 100C amplifieconnected to collect data for the
prefrontal Fp.= channel Al, B3 channel A2), frontal {E channel A3,4= channel A4),
temporal (F= channel A5,d= channel A6), central {€ channel A7, £&& channel A8) and
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parietal (R= channel A9 ands” channel A10). All the channels were run atm@ang rate

of 500Hz
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Figure2.1 Acgknowledge electroencephalography channels of intereghe data collected for EEG analysis
included twelve different channels; pffeontal (Fp= channel Al, B channel A2), frontaz = channel A3,

F+= channel A4), temporal {E channel A5, = channel A6), central ¢& channel A7, £ channel A8) and
parietal (R= channel A9 andsP channel A10), electromyography (EMG=channel A11) channel which served
as ground, and eleaboculography (EOG= channel A12). Acgknowledge 4.1 software wasauseliect the

data. Electrode$r anaFswere not analysed during the final analysis.

2.9 Behavioural task software

Eprime 2.0 is software, used to design behavioural tasks, collect behalvmarformance,

and conduct behavioural analyses. &udio, the degjn tool within Eprime, was used to
design the visual continuous performance task used. Eprime records data in milliseconds
(msec) and was designed to sedigital inputs of stimuli to Adqowledge 4.1(Figure 2.2)
(Schniedeet al,2012).
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Figure2.2 Representation of the cues in the Continuous Performance tabke digital channels for trigger
collection included eight different channels; correct responghgital channel DO), eCu&s (digital channel
D1), eTrickS (igital channel D2), eNetia target (digital channel D3) target (digital channel D4), cues (digital
channel D5), trickS (digital channel D6) and namrget (digital channel D7). All changekere collected at
500Hz.

2.10 Voluntary sistained attention taska visuatontinuous performance task-§5)

CKS O2yliAydzzdza LISNF2NXIFyYyOS (GFal 6/tc¢cov Ay@2i
within a series of randomized letters of the alphab&he purpose of the CPT task is to

YSI &dzNBE (0 KS LItd\siiskaid atledition idrisy thie completian &f a task which
contains a cueing process, target and nstimuli. Participants were presented with 60

trials with three consecutive & the presenation of the third Srequired a behavioural
response. Inaddt 2y > nn aAy3tsS {Qa 2NJ G§NA O] -stin@ia & S NJ
letters. The task contained@letters of the alphabet and excluded the vowels, A, E, I, O, U

as well as the letteiX Each letter was presented for 500 msec with a b@ecinter-

stimulus intervabefore the next stimulugFigure 2.3)However, theparticipant was able to

shorten the presentation of thethird S if a response was given before the 500 msec time

limit (Fgure 2.2, channel D4)
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Figure2.3 Representation of the visual Continuous Performance taSke continuous performance task was
designed as a timdocked response task, where the letters appeared in a randomizeer okhch letter was
presented individually, appearing f&00 msec andlisappearing for 100 msec before the next stimulus. (a)

The trick stimulus was presented to distract the participant from the presentation of the three consecutive
(Qad 6060 (0RY WPNBAIKSIHIKNBES 02y a s Caddihe Bfet §. The pRtiGiAteNND R
was able to shorten the presentation of the third S if a response was given before the 500 msec time limit.
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2.11 Electroencephalography set up

Prior to starting the EG, the placement of the electrodes and CPT task wagpiained to
ensure that the participant knew what the EEG consisted’bé participant was asked to
sit atadesk with a desktop computescreen in front of themAn alcoholwab was used to
clean ratural oilsand loose skin celisf from the forehead andn the sideand belowthe
right eye. Two sponge discs, usedstpport theElectrode Cap Internation@EClelectrode
lycra cap,were positioned on the forehead. Earrings weasked to be removedrior to
attachment of the earlobeeferenceelectrodes.An electrode gel was placed inside the
4mm EOG electrodes prior to attaching the electrodes with a deuditked adhesive disk
on the side and 1cm below the right eyehelEClelectrode lycra cap wapulled onto the
participants head angositioned electrode gel was inserted into tHellow EEGelectrodes
using a blunt needle and syrinde.t aif 8 GKS 9abD St SOGNBRS

forearm.

After completion of theEEG setup, the Acgknadge 4.1 software was opened and the E

gl

prime experiment file was loaded. The participant was asked to relax while the researcher

observed the electrode channels. The channels were observed for any flat lined signals or
channels withr £ 20 2F AKOEA DK YySadwdd LT ye y2rae

electrodes were checked for any bubbles in the electrode gel, hair which could be

obstructing the connection from electrode to scalp or more gel was applied. Once all

electrodeswere producing excell@ signal the EEG record was initiated, and participant

completed the visual CPT.

2.12 Electroencephalographanalysis

Preceding frequency and ERP extraction, the raw EEG data were corrected for EOG artefact

using an automated independercomponent analysigICA) within the data collection

software package, Acgbkwledge 4.1 (Figure 2.4). It is important to apply ICA for EOG

artefact removal when extracting ERPs from a data set, due to eye blinking emitting a

positive peak at 300 msec (ieusly discussed in sgon 1.8)(Bonfiglio et al. 2009)All

files which were EOG corrected were saved as Maitaled file (extension .iat).
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Figure2.4 Acgknowledge EOG removalThe raw electroencephalography data collected during completion

of the continuous performance task was EOG corrected through the Acgknowledge 4.1 software to remove
eye movement from the data which could false results when analysing the ERPs. (a)oEldotn@phy
removal was conducted by clicking the analysis tab in Acgknowledge gtfiolling to electrooculography

then clicking remove EOG artefacts. (b) The Ek@rel was selected from the command box to select the
channel which recorded electroomgraphy. (¢) The channels (girental (Fp = channel Al, k= channel

A2), frontal (& = channel A3, 4= channel A4), temporal {E channel A5, &= channel A6),antral (G=
channel A7, = channel A8) and parietals® channel A9 andsP= channelA10)) to be denoised from EOG
were selected from the command box. (d) The process of EOG artefact removal was initiated.
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2.13 BventRelatedPotential extraction

The ERP waforms extracted were from there- frontal (Fp, Fp) frontal (R and R),
central (G and G), andparietal lobes (B and R). The ERPs were extracted using an ERP
extraction Matlab tool with simple graphical user interface (GMRtlab, Mathworks, MA,
USA, developed thouse)(Fgure 2.5). Setting for ERP windo@000 msec epch; 200 msec
before and 800 msec after, target stimulus. An artefact rejection limil®0uV was set to
each extraction. This ensured that there was removal of an ERP withastiasdistortion

or artefact that may reduce the signal to noise ratio of B8RP waveform.

) Trigger Analyse V1.3 — x
File
(®) Filter Desired Channels  Trigger Channels:
@ Do Difference 3 A
C4
(@) Artifact Rejection P
P4
Rejection Level{uv): 100 EMG
EOG
xlzx
Back time{ms): 200 Correct ©
eCue-5s
. eTrick-5 (@) Load Folder
Forward time(ms):
&00 eNon-target
.................................. ] Target
(®) Fixed Baseling Cues
.................................. : k GO
Baseline Lengthims)| =2pp W Non-target  *

Figure2.5 Event related potential Matlab Graphical User Interfac&he program was specifically made to
extract the ERP data froBOG corrected data. A 400 artefact rejection limit and a fixeloaseline length of

200 msec was used for the ERP analysis. The time was set to 200 msec backward and 800 msec forward to
capture a 1000 msec epoch. The cues and target were analysed sdparate

To identify robust ERRaveformcomponents from the data colited, grand averageSRP
waveformswere created for each group and plotted on an XY lined scatter plot. The
I YL AGdzRS 0 >+ &0 valyeR wré dxtin&ed @e eaah Yohust identified ERP
wave componentThe windows used to extract tHERRvaveforms fom each channeare

presented intable 2.1.
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Table2.1 Epochs used for the extraction of ERP waveforms from each channel
for all four stimuli; first cue, second cuandtarget stimuls.

Target Fp Fp R Fa G G P Ps
N70 | 20150 20150
P150| 70200 70200
P100 50-150 50150 50150 50150 50150 50-150

N170| 100-200 100-200 100-200 100200 100250 100250 100250 100250
P300| 200-400 200400 200400 200400 300500 300500 250500 250-500

The ERRvaveforms extracted from the first cusecondcue, and target stimulus included
the N70 (20150 msec windowpgnd early positive P150 (¥ZD0 msec window) for the
parietal electrodes (fand R). The ND is a smalamplitude, positive deflectiothat occus
approximately ® msec after each cuandtarget. TheP150 is a smadmplitude, positive
deflection that occurs approximately 150 msec after each cue, and target. The P10B0(50
msec window) was extracted for the frontak@nd k), central (€and G) and parietal (P
and R) electrodes. The P100 is anallamplitude, positive deflection that occurs
approximately 100 msec after each cue, and target. The early N15G gO@D msec
window- Fpi, Fp, i and R; 100250 msec windowG, G, P; and R) was extracted for the
frontal, central and parietal eleaddes. The N150 is a smalhplitude, positivedeflection
that occurs approximately 150 msec after each cue, and target. The P300 ERP waveform
was extracted for the frontal (208000 msec windowFp, Fp, Rk and k), central (306600
msec window Gand G) and the parietal (25800 msec windowPs; and R) electrodes.
The P300 is a smalmplitude, positivedeflection that occurs approximately 300 msec after

each cue, and target.

A further visualnspection was conducted by plotting the participant datadach stimulus
separately ona uV vs msec line graplFigure 2.6). The visual inspection consisted of
tf221Ay3 4G SFEOK LINIAOALIYyGOGaQ RIFEGF GKNERdJZA
participants with results which contained more than two sets of agbly data within each

channel.
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Stimulus: P4

Figure 2.6 Exclusion of data.Event related potential data was analysed using visualization through a
GYAONR @2t G @a GAYSE tAYyS 3INFLK (2 SEOtddatéd piéniial ¢ KA O
waveforms. In this case, the everglated potential data moved at a sidy decline and had no form. An

example is seen by the bold black line.

2.14 Statistical analysis

Statistica (Dell, 2016) was used to conduct the statistical analpsikenodata collected. A
descriptive statistical analysis was applied to the data to deternmioemality using the
Shapiro Wilks W testAnalysis of the Shapiro Wilks W test, thargmetric and non

parametric data was determined using avRlue less tha®.05 as the limit for parametric

data (R0.05).The data obtained were both parametric andmparametric.

To characterize our population, group differences in demographics (age on the day of
testing, duration at school, tertiary education, total yearsedtication, weight, height, BMI

and handedness), drug use (total substance use and indivilugluse of tobacco, alcohol,
cannabis, cocaine, methamphetamine, inhalants, sedatives, hallucinogen, opioids, and
mandrax), and behavioural performance (correesponses, overall response time, errors

of commission, errors of omission, and responsegistractor stimuli, i.e. trick S responses)

are reported between the four groups.
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Then differences in clinical scale scores Positive and Negative Symptom Scale fo
Schizophrenia (PANSS) total score, PANSS positive symptom subscale, PANSS negative
symptom subscale, PANSS general psychopathology subscale, Calgary depression rating
scale, Hamilton depression rating scale, Young mania rating scale, clinical gloleskiompr

of illness severity scale, global assessment of functioning scale, and the Simpssn ang
scale for parkinsonism), duration of illness, and medication variables where statistical
analysis was viable, i.e. n was sufficient to perform sound statista@lysis,
(chlorpromazine equivalents, use of any antipsychotic, 1st generation antipsyst{BtcA),
prominently used FGAs (haloperidol), 2nd generation antipsychotics (SGA), prominently
used SGAs (clozapine, risperidone), mood stabilizers, lithium,ursodvalproate,
serotonin/norepinephrine reuptake inhibitors, and anticholinergics) are repbrter the

three psychotic groups.
Then three different analyses were conducted to determine the aims of the current thesis:

(1) A group analysis across the fowogps (CON, SCZ, BPD and MPD) to determine whether
group differences in (a) behavioural pemitance and (b) event related potential wave
components amplitudes and latencies. This was achieved by first conducting an analysis of
distribution for each varialel, using ShapirdVilks test. That data which was of normal
distribution underwent univariateone- way analysis of variance (ANOVA). When the
ANOVA yielded significance, these variables underwent-lposttesting with Bonferroni
correction to determine whédter there were specific group differences (p < 0.05). That data
which was not of normal distsution underwent multiple independent Kruskdlallis
ANOVA, which provided the overall ANOVA test result and between group differences.
These differences are repged where the ANOVA yielded significance (p < 0.05).

(2) ERP waveomponent amplitude andatency correlation analyses were performed for

(a) all four groups (CON, SCZ, BPD, MPD) with demographics, drug use, and behavioural
performance data, and (b) wiih the psychotic groups (SCZ, BPD, MPD) for clinical variables
(clinical scales, duration oflness and chlorpromazine equivalent). Due to the data
distribution nonLJr NI YSGUNA O O2NNBf A2y Fylfeara o1t a
order (Rho > +0.5 ahp-value < 0.01). Due to the correlation analysis taking an exploratory

approach, with limied eventrelated potential studies in these disorders investigating the
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interaction of demographics and clinical variables, we applied greater stringency in
reporting. The strength of relationship was increased to +0.5 (RMokaka 2012) and
increased the probability of the relationship being repeated by lowering thelge to 0.01
(Dahiru 2008)Caution is still needed when these data are interpreted as the sasipé is
limited, however do provide insight to future studies and more complex statistical analysis.
Further, the statistical package used, Statistica, doeshawe the function to permit co

variate analysis within neparametric ANOVAs.

(3 The last- Y f @aAa 61 & LISNF2NXYSR (2 RS®SNMRFS Q
LA OK2GNRLIAO YSRAOIFIGAR2Yy & o0& 3ANRdzLIAY3I FEt OF
ALISOATAO YSRAOFGAZ2Y (2 GK2&aS W2FFQ GKh G &LJS
which was prescribed to at least 8 of the 76 participants with a diagnosis of a psychotic
disorder. This permitted us to determine group differences by those anedication and

off a medication (number on: number off). The following medications weresinyated:

any antipsychotic prescribed (62:14); 1st generation antipsychotics prescribed (35:41);
haloperidol (22:54); 2nd generation antipsychotics prescribe?i4®); clozapine (10:66);
risperidone (15:61); mood stabilizers (33:44); lithium (14:62)iwud/alproate (22:54); and

anticholinergic (orphenadrine; 15:61), referTable 3.5

¢KS 3INRdzL) RAFFSNBYOS W2y Q FyR W2dwWthnan &LJSC
individual psychotic group when at least 8 of the individuals were either ofbrora
medication. This permitted us to determine differences within SCZ for 1st generation
antipsychotic prescribed (9:18), 2nd generation antipsychotic prescridedi9), and
clozapine (9:18). Then within BPD for any antipsychotic prescribed (20:8), fesagen
antipsychotic prescribed (10:18), 2nd generation antipsychotic prescribed (10:18), lithium
(13:15), and sodium valproate (15:13). And within MPD for heidpl (13:8), and
anticholinergics (8:13). Univariate analysis was applied to the parantzttzcby one way

analysis of variance (ANOVA), and nparametric data MannWhitney U testing was

applied.
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Chapter 3 Results

3.1 Participant demographics

To daracterize our population, group differences in demographics, drug use, and
behavioural performance are reported between the four groups (CON, SCZ, BPD, MPD).
Then differences in clinical scale scores, duration of illness, and medication variables where
statistical analysis was viable, i.e. n was sufficient to perform sound tatatisinalysis, are

reported for the three psychotic groups (SCZ, BPD, MPD).
3.1.1Participant characteristics

A total of 103 participants between the ages of 19 and 40 were recrudgedhe present

study. The individuals diagnosed with a psychiatric disordaesisted of 27 (females n=11,
males n=16) participants diagnosed with schizophrenia (SCZ), 28 (females n=12, males n=
16) participants diagnosed with bipolar | mood disorder vathistory of psychosis and 21
(females n=9, males n=12) participants diagmbseith methamphetamine induced
psychotic disorder (MPD). Then 27 (females n=15, males n=12) controls (CON) were

recruited.

An attempt was made to balance the demographic inform@atacross groups, however the
following demographic differences were found KQH 10=12.96, P=0.004) were younger
in age compared to SCZ (P=0.041) and BPD (P=0.036). MH1H50, P=0.009) reported
fewer years at school compared to CON (P=0.043¢nTPD (kl10+=10.96, P=0.011)
reported shorter total duration at school ggncompared to CON (P=0.017) and BPD
(P=0.041). No significant group difference was noted for time spent at a tertiary institution.
There were differences in weight {l4+=18.88,P<0.001), SCZ weighed more than MPD
(P=0.049) and CON (P=0.019), then BP@hedi more than MPD (P=0.010) and CON
(P=0.003). Differences in BMI were also foungl1{§#24.18, P<0.001), where SCZ BMI was
greater than MPD (P=0.010) and CON (P=0.006), th&n BW®W was greater than MPD
(P=0.001) and CON (P<0.008ble 3.1
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3.1.2Drug use

The ASSIST, a public health tool to assess drug use, was performed across all groups. The
total substance involvement (TSI) score (H3,103=34.83, P<0.001) was higher in MPD
comparedto CON (P<0.001), SCZ (P<0.001) and BPD (P<0.001). TAB&&d score
(H3,103=24.74, P<0.001) was higher in MPD compared to CON (P<0.001), SCZ (P=0.021) and
BPD (P=0.028). Cannabis ASSIST score (H3,103=16.94, P<0.001) was higher in MPD
compared to CONPE0.005), SCZ (P=0.002) and BPD (P=0.012). Methamphet&8hsT

score (H3,103=63.31, P<0.001) was higher in MPD compared to CON (P<0.001), SCZ
(P<0.001) and BPD (P<0.001). Differences were found for the opioid ASSIST score
(H3,103=16.16, P=0.001), spexigroup differences were not evident. Mandrax ASSIST
score (H3,103=36.49, P<0.001) was higher in MPD compared to CON (P<0.001), SCzZ
(P=0.012) and BPD (P<0.001). No significant differences were evident for the alcohol
ASSIST, cocaine ASSIST, inhalant ASsk&ative ASSIST and hallucinogen ASSIST scores,
Table3.4
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Table3.1 Demographic information

Methamphetamine induced

Control Schizophrenia Bipolar | disorder psychosis
n=27 n=27 n=28 n=21 Kruskal Wallis (H-test) Post hoc analysis
15 females/12 males 11 females/16 males 12 females/16 males 9 females/12 males
Median Range Median Range Median Range Median Range
Age on day of imaging (yrs) * 25,00 19-33 29,00 20-39 30.5 21-40 26,05 19-35 1§ X sei I'MmH QDN Vs SCE R=B,044;CON vs BPD P=0,036
Duration at school (yrs) 12,00 8-14 12,00 7-14 12,00 9-12 # 10,24 7-12 i 2 seil'mmINMPDVs QON R=R,0648 ¢
Tertiary education (yrs) 0,00 0-10 0,00 0-6 1.5 0-8 0,57 0-4,5 ns
Total duration of education (yrs) 12,00 8-12 12,00 7-18 13.5 9-20 @ 10,80 7165 17 2 sei l'mn ZMPOVs QON R=R,61#;MPD vs BPD P=0,041
Weight (kg) * 68,40 55-84 80,00 50-136 83,85 52,7110 & 68,77 47598 | i T sei I'my IGONVs SCZB+E,01L% @ON vs BPD P=0,003; MPD vs SCZ P=0,049; MPD vs BPD
BMI * 23,19 18,16-30,85 28,07 17,30-47,46 29,26 19,35-39,17 & 23,34 18,5306 | i T sei ' Hn IGONVs SCZB+ET 006 @QON vs BPD P<0,001; MPD vs SCZ P=0,010; MPD vs BPD
Handedness (left:right) 1:26 3:24 2:26 3:19

" CON vs SCZ and BPEZON vs MPD? MPD vs CON and BBOMPD vs SCZ and BRDMon- significant. Non- parametric Kruskal Wallis (H- test), Significance P<0,05.

Table3.2 Behavioural performance

Control

n=27

15 females/12 males

Schizophrenia
n=27

11 females/16 males

Methamphetamine induced

Bipolar | disorder )
psychosis

n=28 n=21 Kruskal Wallis (H-test) Post hoc analysis

12 females/16 males 9 females/12 males

Median Range Median Range Median Range Median Range
Continuous Performance Task
Correct responses/60) 59,00 18-60 * 48,50 15-60 58,00 13-60 50,00 1660 17 X sei I'mo Z@ON Vs SCZ A=R,008 o
Overall response time (msec) 209,00 84-533 * 465,50 57-1044 302,50 134-674 283,00 105677 | i X sei 'my Z@N Vs SCZA<B,B04 m
Errors of commission 0,00 0-28 5,00 0-33 1,00 0-46 5,00 0-44 ns
Total number of omissions 0,00 0-24 # 3,00 0-45 0,00 0-18 0,00 0-12 T2 seil mMT ZGONNSSCHR=0,008; SCZvs BPD P=0,014
Total number of trick S responses 0,00 0-13 0,00 0-11 0,00 0-4 0,00 0-5 ns
"CONvsSCZ {/ ¥ @& /hb | yR t 5 HA b2ym aAIYAFAOLYyGd b2ym LI NI YSGENRO YNHALE 2FfftAa oln (S&a0G03 {AIYyATAOLYyOS
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3.1.Clinical scales

Clinical scales were only performed in the geytec groups to analysdifferences in clinical
symptoms. The PANSS scale scores were assessed, as a total score, and its subscale scores:
positive, negative and general psychopathology. PANSS total score1Bl28, P=0.001)

was attenuated (lower) in BP compared to SCZ (P=D3) and MPD (P=0.041). PANSS
positive score (ke=10.06, P=0.006) was poorer (higher) in SCZ compared to BPD
(P=0.015). PANSS negative scorg7k23.53, P<0.001) was attenuated (lower) in BPD
compared to SCZ (P<0.001) and MPDO.@B4). The general pdyspathology score
(He,76=7.14, P=0.028) was poorer (higher) in SCZ compared to BPD (P=0.028). Clinical global
impression score (He=10.69, P=0.004) was poorer (higher) in SCZ compared to BPD
(P=0.006). Global assessment of funttszores (kl76=6.72, P6.034) was poorer (lower) in

SCZ compared to BPD (P=0.031). Extrapyramidal side effects score, using the Simpson
Angus scale for Parkinsonismp ¢t14.24, P<0.001) was higher in SCZ compared to BPD
(P=0.006). No significant difsices were found betweegroups for mood scales (Young

Mania Rating Scale, Hamilton Depression Rating Scale, and Calgary Depression Rating Scale

for Schizophrenia)lable 3.3
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Table3.3 Clinical scales performed in psychoticsorders

Psychotic groups Methamphetamine

combined Schizophrenia Bipolar | disorder induced psychosis  Kruskal Wallis (H-test) Post Hoc Analysis
n=76 n=27 n=28 n=21
Median Range Median Range Median Range Median Range
Positive & Negative Syndrome Scale
Total score 43 30-100 48 30-100  * 35 30-73 45 3077 1 i Zhwl Mo I H yBPD vsSCZPE01001MBPD vs MPD P=0,041
Positive symptoms 8 7-25 # 12 7-24 7 7-25 7 719 | i Shwl mn3ncBPDvsISCAPEN0AE
Negative symptoms 11 7-30 13 7-30 * 9 7-20 12 7-27 I'i Zhwl Ho Zp oBPDvsiSEZIPEN0A1; BPD vs MPD P<0,001
General psychopathology 22 16-50 # 23 16-50 19 16-37 22 1638 | i Th wl' T Zmn TBPD Vs SEZPF0028
Calgary depression for schizophrenia 1 0-13 2 0-8 0 0-13 1 0-9 ns
Hamilton depression rating scale 1 0-20 2 0-10 0 0-20 2 0-5 ns
Young mania rating scale 2 0-16 3 0-15 1 0-16 2 0-12 ns
Clinical global impression of iliness severity 2 1-4 # 3 1-4 2 1-4 2 1-4 Ii Zhwl' mnXc dBPD vsSCAHPE00061
Global assessment of functioning scale 65 5-90 # 60 30-85 71 5-85 65 3190 | i Shwlc=THTBPDVsSEZPFm031
Simpson Angus scale for parkinsonism 0 0-16 # 1 0-16 0 0-1 0 0-9 I'i Zhwl mn ZH nBPD vsiSGZPA0j006

"BPDvs SCZ, andMPP{ % $a .t5® HM b2aym AAIYATAOIY{Ed b2ym LI NFYSGENKRO YNHzaA 1l 2FffAia olnm §8ados {AIyATAOIyOS

Table3.4 Drug use

Methamphetamine induced

Controls Schizophrenia Bipolar | disorder .
psychosis Kruskal Wallis (H-test) Post Hoc Analysis
n=27 n=27 n=28 n=21
Median Range Median Range Median Range Median Range
Total substance involvement score 16 0-49 26 0-121 22 0-80 * 54 0-139 1'i 2 seil onzNP®VsCGONR<®, A0A;MPD vs SCZP<0,001; MPD vs BPD P<0,001
Tobacco score 3,00 0-31 9,00 0-38 9,00 0-39 * 21,00 0-34 17> seil'HnnXMPPyYs GONR<P,Q04;WPD vs SCZP=0,021; MPD vs BPD P=0,028
Alcohol score 5,00 0-22 3,00 0-29 6,50 0-24 6,00 0-24 ns
Cannabis score 3 0-9 3 0-20 3 0-24 * 9 0-28 1'i £ seil'mc ZMPDVs QON R=R,005;MPD vs SCZP=0,002; MPD vs BPD P=0,021
Cocaine score 0 0-6 0 0-1 0 0-3 0 0-9 ns
Methamphetamine score 0 0-3 0 0-29 0 0-3 * 11 0-41 1712 seilco =NPDVsOON R<E,604;MPD vs SCZP<0,001; MPD vs BPD P<0,001
Inhalants score 0 0-3 0 0-6 0 0-0 0 0-3 ns
Sedatives sleeping pill score 0 0-3 0 0-6 0 0-16 0 0-6 ns
Hallucinogens score 0 0-5 0 0-3 0 0-8 0 0-3 ns
Opioids score 0 0-3 0 0-6 0 0-3 0 0-3 172 seilmczmcT tlfnInnm
Mandrax score 0 0-3 0 0-6 0 0-3 * 3 0-15 1T seiloc  MPd Vs QON R<R,004;MPD vs SCZ P=0,012; MPD vs BPD P<0,001
" MPDvs all other groups® 58y 2834 aAIYyAFAOLYd RAFFSNBYOSa odzi y2id 0683658y ANRdZAIA® HA b2ynm aAIdyATFTAOLYyG® b2ym LI NFYSON
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3.1.4lliness duration and medication

Analysis was conducted on the medication used within psychotic groups to determine
whether medication effects were specific to clinical diagndaighin the psychoticd NB dzLJQ &
differences were found for years with clinical diagnosis: years with diag(tdsis=13.77,
P=0.001) was shorter in MPD compared to SCZ (P=0.004) and BPD (PE6\W6R)dies
haveaddressed illness duration across psychotic disorddmvever, our results supports
literature in that age, illness duration and medication can alftexin function(Tan et al.

2016)

First generation antipsychotics (FGAs;7¢410.50, P=0.005) werprescribed more in MPD
compared to SCZ (P=0.033) and BPD (P=0.047). The FGA halopgfrigab@2, P<0.001)

was prescribed more in MPD compared to SCZ (P=0.007) and BPD (P=0.047). Second
generation antipsychotics (SGAs7k+9.77, P=0.007) were pregeed more for SCZ
compared to MPD (P=0.033). Differences were found for clozapine<tt.85, P€.001),

however specific group differences were not evident.

Mood stabilizers (ke=38.22, P<0.001) were prescribed more in BPD compared to MPD
(P<0.001) ad SCZ (P<0.001). The mood stabilizer lithium7¢422.94, P<0.001) was

prescribed more in BPD cgrared to SCZ (P=0.019) and MPD (P=0.016). Then sodium
valproate (H76=13.35, P=0.001) was prescribed more to BPD compared to MPD (P=0.025).

Differences we8 F2dzyR Ay | YIAOK2f AYSNHEHAOQ#&E7.20,A ¢S @
P=0.027) however spedfgroup differences were not evident. Furthermore, no differences

were found for the chlorpromazine equivalent, i.e. antipsychotic dosd)e 3.5

3.2 Group diferences in behavioural performance and evestated potential wave

components

To address the fitsaim, a group analysis across the four gro§@©N, SCZ, BPD and MPD)
to determine whether group differences ita) behavioural performance and (b) event
related potential wave components amplitudes and latencidss included prominent

wavecomponents during the cueing process and target stimulus
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3.2.1Behavioural performance group differences

The participants were asked to complete the Continuous Performangle (CT) where the
behavioural performance data revealed several group differentade 3.2 For number of
correct responses, i.e. accuracyz (b#=13.81, P=0.003) SCZ made fewer correct responses
than CON (P=0.003). Response timesi{H18.93, P<0.QD) were longer in SCZ than CON
(P<0.001). Errors of omissions@ib=17.12, P<0.001) &Gnade more compared to CON
(P=0.002) and BPD (P=0.014).

3.2.2ontinuous performanceventrelated potentialgroup differences

Several significargroup differences in ER®ave components were found during the CPT.
These differences were apparent for the cuestgnuli (first cue the first S presented and

second cue the second S presented) and target stimulus (third S presdigaty 2.3
3.2.2.1 First cue eventelated potential vave component group differences

During the preentation of the first cue significant fferences werefound for the left
frontal P100 amplitude @k 109=8.78, P=0.024) and left central3d® amplitude
(G(Hs,109=9.18, P=0.026) however with post hoc as&é no significant group differences
were evident. Then left parietal N170 amplitud@s(fs,109=9.83, P=0.020) was smaller for
SCZ compared to MPD (P=0.0Fjure 3.1
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Table3.5 Medication

Psychotic groups Methamphetamine

combined Schizophrenia Bipolar | disorder induced psychosis  Kruskal Wallis (H-test) Post Hoc Analysis
n=76 n=27 n=28 n=21
Median Range Median Range Median Range Median Range
Duration of psychotic disorders (yrs) 5 0,25-20 6 1-20 6 0,60-16  * 1 0,25-13 | i Sh wl Mo ZT TMPD ¥sISCZP=0,004 MPD vs BPD P=0,002
Chlorpromazine equivalents 100 0-1500 200 0-1500 87,5 0-600 100 0-450
Prescribed medications
Any antipsychotic 62 22 20 20 ns
1*' generation antipsychotics 35 9 10 * 16 l'i Zhwl mn Zp AMPD ws'SCAR=G,08%; MPD vs BPD P=0,047
Haloperidol 22 3 6 * 13 I'i Thwlmp Iy HMPDUsFSTZPEGI007; MPD vs BPD P=0,047
Chlorporomazine 0 2 2 ns
Sulpiride 2 2 0 0 ns
Elizzte(llj;z&ir;tixol:Zuclopenthixol: 5:5:1 2:3:1 1:1:0 2:91 ns
2" generation antipsychotics 33 # 18 10 5 li Zhwl dZT T TMPDNSSEZPTE,033
Clozapine 10 9 1 0 li ShwlMnZypdh tfnznnm
Olanzapine 2 2 0 0 ns
Risperidone 15 5 5 ns
Quetiapine 6 2 4 0 ns
Moodstabilizers 33 6 25 2 ns
Lithium 14 1 & 13 0 I'i Zhwl oy ZH HBPD vsiSGZPROj0Q1; BPD vs MPD P<0,001
Sodium valproate 22 5 & 15 2 i ShwlHHEZ  NBPD ¥sfS@ZPEOIONM9; BPD vs MPD P=0,016
Lamotrigine 2 0 $ 2 0 I'i Zhwl Mo Z o pBPD vsIMPD R=0,02%
Fuoretne CrsopamATiIng) 412 ra 200 w1 s
Anticholinergics- Orphenadrine 15 5 2 8 i ShwlTESHATWtIrASAHT

"MPD vs SCZ, and BBBCZ vs MPI Denotes significant differences but not between groui&PD vs SCZ,and MPD 1 5 @3 at5® HM b2ymn &AIYAFAOLYiO® b2ymn LJ N} YSi
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Figure3.1 Grand mean eventelated potentials of the first cue for the continuous performance tasQ0 msec prior and 800 msec post cue presentation) for bilateral-fpomtal (Fpl
and Fp2), frontal (F3 and F4), central (C3 and C4), and parietariB34), leftand right electrodes respectively Differences in P100 waveform @80msec) amplitude were found for
however post hoc analysis did not show any specific group differences for left frontal (F3) and left central (C3) eletfioparietal(P:) N170waveform (100250msec) amplitude was
smaller for SCZ compared to MPD (P= 0.019). €Odhtrol; SCZschizophrenia; BRDbipolar with a history of psychosis; MPBiethamphetamineinduced psychotic disordeData
represent the median with rangef group grandmean average ERPs, Significance P<0.05
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3.2.2.2 Second cueventrelated potential wave component group differences

Several differences in amplitude were found for the second cue P100 wave component; left
frontal amplitude (B(Fs,100=4.22; P=0.007%h SCZ was greater compared to CON (P=0.020)
and BPD (P=0.045), right frontal amplitude(fw02)=4.10; P=0.008) in S@&As greater
compared to CON (P=0.030) and BPD (P=0.025), left central amplit(He:{§=8.71,;
P=0.033) in SCZ was greater coradao CON (P=0.045), and the right central amplitude
(C(Hs,109=11.53; P=0.009) in SCZ was greater compared to CORZB-0.

Several differences were found for N170 latency and amplitude; leftfnorgal latency
(Fp(Hs,109=12.60; P=0.005) was sharten CON compared to SCZ (P=0.008) and MPD
(P=0.024). Then right central amplitudes(f&102=2.93, P=0.037) in CON wasaller
compared to SCZ (P=0.042). Then differences were found between groups for the right pre
frontal latency (Fp(Hs.109=8.55; P=M35) and right frontalamplitude (F(Fs,102=2.90,
P=0.038) howevewith posthoc analysisspecific group differences weraot evident,

Figure 3.2

49



sCcz
BPD
MPD B *

Cue 2

......

0 100

Time in msec |—|—|

Figure3.2 Grand mean eventelated potentials of the second cue for theontinuous performance task-200 msec prior and 800 msec post presentation) for bilateral {m@ntal (Fpl

and Fp2), frontal (F3 and F4), central (C3 and C4), and parietal (P3 and P4),dafghhelectrodes respectively’Differences in P100 wavefor(60-150msec) amplitude were found for;

left frontal (F3) in SCZ > CON and SCZ > BPD, right frontal (F4) in SCZ > CON and SCZ > BPD, left central (C3jrid B€Zight &tral (C4) iRCZ > CONDifferences were found for
N170waveform (106250msec) latency and amplitude; left pfeontal latency (Fpl) CON < SCZ and CON < MPD. Then right central amplitude (C4) in CON < SCZ. After post hoc ana
significant differences were fouhbetween groups in the right prérontal (Fp2) and left frotal (F3). CON control; SCZschizophrenia; BRIbipolar with a history of psychosis; MPD
methamphetamineinduced psychotic disordeRata represent the median with range of group grand meagrage ERPs, Significance P<0.05
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3.2.2.3 Target stimulugventrelated potential wave component group differences

Forthe target stimulus, significant differences ERP wave companeeate found. For N70

wave component: righparietal N70 latency differed ¢f 109=8.19; P=0.042), no specific
group differences were foundwvith post hoc analysis. Left frontal P100 ampléu
(F(Hs,109=11.68; P=0.008) in SCZ was greater than CON (P=0.005). Right frontal P100
amplitude (&(Hs109=14.99; P=0.001) in SCZ was greater than CON (P=0.001) and BPD
(P=0.022).

The left prefrontal N70 latency (FHs,109=11.60; P=0.008) was shertfor CON compared

to SCZ (P=0.034) and MPD (P=0.041). The right prefrontal N170 amplitu@e165p3.77;

P=0.013) in SCZ was greater than CON (P=0.046), BPD (P=0.043) and MPD (P=0.044). The
left frontal N170 amplitude @F,102=2.81; P=0.043) in &Cwas greater than CON
(P=0.027); right frontal N170 amplitudes(fz,109=4.18; P=0.007) in SCZ was greater than

CON (P=0.006).

Then right prefrontal P300 latency @ 109=12.34; P=0.006) was shortéor CON
compared to SCZ (P=0.038) and MPD (P=p.Bibure 3.3
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Figure 33 Grand mean eventelated potentials of the target stimulus for the continuous performance taskR@0 msec prior and 800 msec post presentationj bilateral prefrontal

(Fpl and Fp2), frontal (F3 and F4), central (C3 and C4), and parietal (P3 andfPdidleight electrodes respectively Differences in P100 waveform @®0msec) left frontal P100
amplitude (F3) in SCZ > CON and SCZ > BPDuenppest hoc analysis did not show any specific group differences for right frontal N70 laten&D({Fié)ences were found foN170
waveform (106250msec)atency and amplitudethe left prefrontal latency (Fpl) and CON < MPD. The right prefronta) éfpglitude in SCZ > CON, SCZ > BPD and SCZ > MPD. The
frontal amplitude (F3) in CON < SCZ; rigbhtal amplitude (F4) in CON < SZifferences were found for P30@aveform (208400msec) right prefrontal P300 latency (Fp2) was

specifically shortefor CON < SCZ and CON < MPD. €€trol; SCZschizophrenia; BRDipolar with a history of psych@és MPD methamphetamineinduced psychotic disordeData
represent the median with range of group grand mean average ERPs, Significance P<0.05
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3.3 Event elated potential wave componentirelation analysis

To address the secondmaj to characterize event related potential wave component
amplitude and latency relationships, correlation analyses were performed on (a) all four
groups (CON, SCZz, BPD, MPLY) dé&mographics, drug use, and behavioural performance
data, and (b) withinhe psychotic groups (SCZ, BPD, MPD) for clinical variables (clinical

scales, duration of illness, and medication prescribed).
3.3.1Eventrelated potential wave component correlatesiwitemographics

When group demographics were combined sevematelations were found with ERP wave
O2YLRyYySyta 2F GKS /t¢X aAIAYATFAOIYOS tfndnwm
between ERPs and demographics was over all groups combined. Theanigeanalysis

was looked at within each groyappendix E athappendix F).

Within CON for education, duration at school correlated with the first cue left paftzD
amplitude (PR Lis+ nx0.55h 0=M05). Thentertiary educationcorrelated with thefirst cue
left parietal N170amplitude (PR Lis+ n¥#0.53a p=003). For physical characteristics,
weight correlated with the first cue left centr®30 latency(GR L5+ n#0.5% =002).

Within SCZ for education, duration athsol correlated with:target stimulus left parietal
N170latency (PR L5+ nx0.56,5p=002) The total years at school and total duration of
education correlated with the second cue left parietal Nla€ency (PR Lis+ n#0.5% 5
p=0001), andsecond ce left parietalN170latency(PsR L5+ n¥0.56 =001).

Within MPD forage the ageon day of testingcorrelatedwith: target stimulus left frontal
P300 latency @R wst n¥04p6a p=0008), first cue right parietal N70 latency
(PR L1z n5#0.5%,5p=M09), andfirst cue right parietal P300 amplitude {R L5+ Nn¥0.¢¥2a
p=0001). For educationthe duration of education correlateaith: the second cue left
central P300 latency §& 15+ n30ypba p=0009). Tertiary education correlated with:
target stimulus right cental P100 latency (& s+ n¥0.6@ap=003) andfirst cue right
parietal P300 amplitude (R L5+ n70.68 5 p=0006). For physical characteristicBMI
correlatedwith the second ce right frontal P100 latency 4R L5+ n#0456565p=0009).
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3.3.Zventrelated potential wave component correlates with drug use

Within CON for ASSIST scores measure of drug usetotal substance involvement
correlated with: first cue left parietall170 latency (R 151 n¥04604p=0.007), and target
stimulus left parietalP300 (BR s+ n¥0pd4a p=0.003). Tobacco ASSIST correlated with:
first cue left prefrontal N170 latency (B s+ n¥0504p=0.007), and target stimulus left
parietal P®0 amplitude (BR Lis+ n#0p84s p=0.001). Alcohol ASSIST correlated with:
second cue left parietal N170 amplitudesf Lis 1 n¥0.5%.5p=0.002), and target stimulus
right prefrontal P300 amplitude (ER Lis+ n¥0,pd s p=0.006). Cannabis ASSIST coectla
with: target stimulus right frontal P100 latencysRE Lss 1 n#0684 p=0002), second cue
right frontal P100 latency (R Lis+ n3#04p4s p=0.003), second cue right parietal N70
amplitude (RR w5+ n¥0.5@,5p=0.007), first cue left central N17@etecy (GR L5 NnF+ vy o3
0.52, p=0.004); second cue right parietal N170 amplit(RIB L5+ n#0.533p=0.003), and
target stimulusright frontal P300 amplitude 4R Li5+ n¥0p84 p=0.007). Cocaine ASSIST
correlated with and first cue right prefrontal NQ &amplitude (FpR Lis+ n¥0.5@,50=0.007).
Methamphetamine ASSIST correlatedth the second cue left central N170 amplitude
(GR s+ n¥0.52,2p=0.004)Hallucinogen ASSIST correlated with the second cue: left
parietal N70 amplitude @R L5+ n¥0p0a p=0.007), left parietal P100 amplitude
(PR Lis+ n¥0.52,49=0.004); rigiparietal P100 amplitude ¢R 135+ n¥0.4% $=0.008)and

left parietal P150 amplitude §R Lis+ n¥0.522p=0.004)

Within SCZ for ASSIST scores, total snbstinvolvement correlated with: target stimulus
left parietal N70 amplitude @R s n3#0.63 4 p<0.001), target stimulugyht parietal N70
amplitude (RR s+ n¥1-§.6%, p=0.002), target stimulusght parietal P100 amplitude
(PR s+ n¥04pda p=0.001), first cue left parietal P100 latencysRPLis i n#0.680a
p=0.007), target stimulukeft parietal N170 amplitude R L5+ n¥04565p=0.002), target
stimulus right parietal N170 amplitude 4R L5+ n¥0,08a p=0.002), second cue left
parietal P300 latency 6R wis+ n¥0.533p=0.004), second cue right parietal P300 latency
(PsRspe nov i=0B0, p=0.007), target stimulus left parietal P300 latencR (Ps+ n#0.5%s
p=0.002), and target stimulus right parietal P300 latengR(Ps n10566: p=0.002).
Tobacco ASSIST correlated with: target stimulus left parietal N70 amplitefge (& N1 v oa
0.56, p=0.002), target stimulus right parietal N70 amplitudéR(Ps + n0,64  p=0.005),
first cue left frontal P100 amplitude R L5+ nx0.50 $=0.007), first cue left parietal P100
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amplitude (BR w15+ n¥0.6%5p<0.001), first cukeft parietal P100 latency §R L35 Nt vy o4
0.51, p=0.006); target stimulugght parig¢al P100 amplitude @R L5 n3¥ O/ p=0.001),
right frontal P100 amplitudéRR L5+ n¥061e $<0.001), first cue left frontal N170 latency
(RBR L5+ n¥0.54 50.003), target stimulus left central P300 latencyRCus+ n#0.6h
p<0.001), second cue right parietal P300 latencyR(Ps n¥0.5% 21p=0.003), target
stimulus right parietal P300 latencyf Lis 1 n#0.58&2p=0.001), and target stimulus left
parietal P300 latency @R L5 n¥0.6@2p<0.001). Cannabis ASSIST correlated with the
second cue right parietal P100 amplitudesR&pearmy &0.50, p=0.007)Alcohol ASSIST
correlated with thetarget stimulus leffrontal N170 amplitude R L5+ n¥0.550 p=0.0Q).

Within BPD for ASSIST scores, total substance involvement correlatethevgbcond cue
left frontal N170 amplitude @Rspeawsr + 7452, p=0.004)Tobacco ASSIST correlated with the
first cueright central N170 amplitude (& L5 n7#0.5@,430.005).

Within MPD for ASSIST scores, total substance involvement correlated with: second cue left
prefrontal P300 latency (FRspearmy &8.55, p=0.008). Tobacco ASSIST correlated with: first
cue right central P300 latencys& L5 1 n370.6250=0.002)Alcohol ASSIST correlated with:

first cue right frontal N170 amplitude 4R L5+ n7#0.5% a4 p=0.004), second cue left
prefrontal N170 amplitude (RR L5+ n#0.¥@&ap<0.001), second cue right prefrontal N170
amplitude (FpR L5+ n30463s p=0.002), send cue left prefrontal P300 amplitude
(FpPR w1 n#04573a p<0.001), and second cue right prefrontal P300 amplitude
(FpR ws+ n#0406a p=0.001). Methamphetamine ASSIST correlated with the target
stimulus left parietal N170 amplitude 4R L5+ n¥0,06:p=0.00Y.

3.3.3FEvent related potential wave component correlates with behavioural performance

Within CON for behagural performance number of correct responses correlatedth:

first cue left parietal N70 amplitudé»R Lis+ n70.62,9<0.00), first cue left parietal P100
amplitude (PR w51 n¥0.5@a p=M02), first cue left parietal P150 amplitude
(PR ws - n70.65,5p<0.00), first cue left central N170 amplituddGR s+ n¥0.5ha
p=0006), andfirst cue left parietal N170 amplitud@%Rspeaiy + 7&67,p<0.00). The total
number of omissions correlatedvith: first cue left parietal cortex N70 amplitude
(PR L5+ n3#04634<0.00) andtarget stimulus left parietal N170 amplitud&:R Lis+ N¥F vy oa

0.52, p=0005). The total number of impulsiveesponses correlatedvith: first cue left
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parietal N70 amplitudgPsR L5+ n#04652p<0.00), first cue left parietal P100 amplitude
(PR s+ n304p6a p=0002), first cue left parietal P150 amplitud@:R Lis - n¥0,6d 5 p=
p<0.00), first cue lef central N170 amplitud€GR 115 1 n304535p=0004), second cue I
central N170 amplitudg(GR Lis+ n#0yp2a p=0005), target stimulus left central N170
amplitude (GR s+ n#0p0a p=0007), and first cue left parietal N170 amplitude
(PsRspear | y=3.70,p<0.001.

Within the SCZ for behavioural performance, enof correct responses correlateuth
the first cue left parietal P150 latenc{R s+ n¥0.5@a p=008). Response time
correlated with: target stimulus left central 300 latency (GR s n30568 s p=0002),
target stimulus right central 30 amplitude(GR L5+ n#0yp4a p=0004), target stimulus
right parietal BOO latency (PR s n#0.pda p=0006), second cue right central 380
latency (GR ws+ n#0p3a p=0005), and second cue right parietal 30 latency
(PR ws+ n704p29=0006). The number of omissions correlatedth the second cue right
frontal P100 amplitudé=R, L5+ n#04pd 4 p=0001). Then number of impulsive responses
correlated with: target stimulis left parietal N70 latency{PsR Lis 1 n3#0.6@,2p=001) and
second cue left parietal N70 laten¢iaR Lis 1 n3#0.6@,p<0.002.

Within the MPD for behavioural performance, the number of omissions correlaitu
first cue left frontal, P100 amplitude 4% L5+ n70.66,ap=0<0.002), first cue left central,
P100 amptude (GR ws n¥0.62,5 p=M02), first cue left parietal P100 amplitude
(PR Ls 1 n¥0.65L3p=m02), second cue right parietal P100 amplitu@R L5+ n¥0.5%5
p=0008), and secondue right parietal P150 amplitud@sR L5+ n¥0.58 =005).

3.3.4Event related potential wave component correlates with clinical scales

Within SCZ for clinical scale scores, PANSS total corredatedhe first cue:left central
P300 amplitde (GRspearmy &8.52, p=0.005), right central P300 amplitude
(GR ws+ n¥0.53,5p=0.003), and left parietal P300 amplitudeR(Rs + n¥0.62,5p<0.001).
PANSS negative subscale correlatedh the first cue left parietal P300 amplitude
(PR Lis - n7#3.58 5p=0.001) PANSS general psychopathology subscale correbatgd
target stimulus right parietal P150 latencysRPLis + 0,534 p=0.003), second cue right
parietal P150 latency R s n#04p2s p=0.004), and first cue left parietal P300
ampitude (PRspeayr+ & %6, p=0.002). Hamilton Depression Rating Scale correfated
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first cue right frontal N170 latency 4& s+ n30,bd 2 p=0.006), first cue left parietal N170
amplitude (BR ws ' n#0.6@,5p<0.001), first cue rigiparietal P300 latency {Rsg+ Ny Fy aa
0.52, p=0.004), and target stimulus right parietal P300 amplituddX (Bs 1 n¥062a
p=0.004). Young Mania Rating Scale correlatgld the first cue right central P100 latency
(GR L5+ n7046d 5 p=0.006). Thenli@ical Global Impression oelated with the first cue
left parietal N170 latency R 115+ n#04505p=0.006).

Within BPD for clinical scale scores, PANSS total correhdthdhe first cue left central
P100 amplitude @#R ws+ n#0.545 p=0.002) ral right central P100 amplite
(GR s+ n¥0.50,5p=0.006). PANSS positive subscale correlatbdthe second cue right
parietal N170 amplitude was {R L5 n¥0p0a p=0.005). PANSS negative subscale
correlated with the first cue right parietal P30 amplitude (PR s+ n¥0.50 5p=0.006).
Calgary Depression Rating Scale correlatgtth the target stimulus right central N170
amplitude (GR L5+ n¥0.5@ 4=0.005). General Assessment of Function correlaitbdhe
target stimulus left prefrontal N20 amplitude (FER s+ n¥0.5@, $=0.006), target stimulus
right prefrontal N170 amplitude (BB L5+ n¥0.924p=0.002), second cue left prefrontal
N170 amplitude (H& ws+ n¥0.5@ 2 p=0.006), and second cue right prefrontal N170
amplitude (FpRspear + y=9:51, p=0.005).

Within MPD for clinical scale scores, PANSS negative subscale corkeititeslecond cue
left parietal P100 amplitude §R Lis+ n70.52ap=0.009), second cue left parietal P150
amplitude (BR ws n%0.65h s p=0.003), second cudght parietal P150 amplitude
(PR s n¥0.56:p=0.006), second cue left parietal N170 amplitud® (Bs 1 n¥0.544
p=0.006), target stimulus right parietal P300 amplitudéR(Rss 1 n¥0.6% $=0.003), second
cue left central P300 amplitude #&pear 1 7@ 56, p=0.007), and saed cue right parietal
P300 amplitude (MR L5+ n¥0.5@,3p=0.007). Calgary Depression Rating Swatelated
with: target stimulus left central P100 latencysRCLis+ n¥04p6s p=0.007), first cue left
frontal N170 ampliide (BR L5+ n#0064 p=0008), first cue left frontal P300 amplitude
(BR Ls '+ n¥0,66x p=0.001), first cue right frontal P300 amplitudeR(Fis 1 n¥0.62x
p=0.0026), and target stimulus left frontal P300 latencyR(lis n70.5@ s p=0.007).
Hamilton Depression Rating Sealorrelatedwith: target stimulus left frontal P300 latency
(BR s n¥0.5ma p=0.008), and target stimulus right frontal P300 latency
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(RR L5+ n¥0.58 4=0.005). Clinical Global Impression correlatigd the second ce right
frontal P100 latencyHR L35+ n3+0062p=0.00Y.

3.3.5Eventrelated potential wave component correlated with illness duration and

chlorpromazine equivalents

There were o significamn differencesnoted for chlorpromazine equivalenacross groups
however, differences were eviderfor illness duration within MPDWithin MPD duration of
illness correlated with: target stimulus left frontal P100 latencgR(kis 1 n¥0.p6x
p<0.001), first cue left parietal P100 latencyRP.is 1 n¥0.5@,9=0.007), second cue the
left frontal P100atency (ER Lis+ n¥0404 2p=0.006), and first cue left parietal P150 latency
(PR L5+ nw¥0.¥@,4<0.001).

3.4 Eventrelated potentialwave componentlifferences by medication

To address the third aineventrelali SR LIR2 G Sy GA Lt &6 @Son® 3 \BIERY Sy
a specific medication was determined by group the psychotic groups together. Then within
SIOK LJaeé OKad A Ooff @ NdzZLY SRA Ol GA2Y GKSNB AdG 41
(appendix D).

3.4.1First cue gent-related potential wave component medton differences

For the first cue ERP medication differences were found within all psychotic groups and
then within SCZ and BPD only.

In all psychotic groups prescription of FGAs increased left central P100twa@p
(z=3,14;p=0,001,0M 42¢1.07.7.26) Offo.3aca.193.04), lengthened left central P100 latency
(z=2,60;p=0,009, omaaio1s0) Offegso1s0), increased right central P100 amplitude
(z=2,58;p=0,009,0Nn0.94¢1.204.21) Offo.a2¢5.884.20), increasedleft parietal P100 amplitude
(z=2,54;p=0,00, oM. 38¢0.865.92) Offo.4g2.954.69), iNncreased right parietal P100 amplitude
(z=2,26;p=0,0230n1.44¢0.87.4.69) Offo.61¢4.425.38), and lengthened right parietal N170 latency
(FL,76=4,49;p=0,037pn220(100250) Off178(100250). In all psychotigroups prescription of SGAs
shortened the left central P100 latency (z=2,88;p=0,@8s(0150) 0ff122(50150), Shortened
the left parietal P100 latency (z=1,97;p=0,048¢2(50150) Off11450150), increased the right

prefrontal N170 amplitude (z2,63;p=0,008,0n1.27¢5.456.46) Off-2.28¢14.342.05), and increased
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the right central N170 latency (£529;p=0,0210n190(100250) Off144(100250). In all psychotic
groups prescription ofmood stabilizers increased the left prefrontal P300 amplitude
(F1,76=4,53;p=0,036, Oorp.29(2.68) Offo.o32.81). In all psychotic groups prescription of
anticholinergics increased the left prefrontal N170 amplitude225;p=0,023pn.1.33¢3.89-
3.29) 0ff-2.20¢14.741.05). In all psychotic groups prescription of amgtipsychotic increased the
right parietal N70 amplitude (z=2,08;p=0,03M.0.71¢5.97.2.87) Off 1.93¢6.522.45), increased the
left central P100 amplitude (z=2,35;p=0,018v.81¢4.197.26) Offo.00¢3.392.53), and increased
the left parietal P100 anmipude (z=2,16;p=0,0300N1.09¢2.955.92) Offo.35¢2.352.26). In all
psychotic groups prescription of clozapine reduced the right parietal N170 amplitude
(F,76=13,71;p<0,001,0n10602.0y Off36s82:54), increased the left frontal P300 amplitude
(F176=4,09;p=0,0460n2.36(1.19)0ff1.19¢1.69). In all psychotic groups prescription of risperidone
increased the right prefrontal N170 amplitude {£98;p=0,0470n.1.21¢4.006.46) Off-1.82.14.34
2.05) and shortened the right parietal N170 latency (Z62p=0,0130m5s(108216) Off214(100
250). In all psychotic groups prescription of haloperidol lengthened the left central P100
latency (z=2,39;p=0,0160n134(s6150) Off101(50150), lengthened the right frontal N170 latency
(z=2,25;p=0,0240m18(100200) Off165(100200), lengthened the righparietal N170 latency (z=
2,02;p=0,043,0m25(100250) Off190(100250), lengthened the left prefrontal P300 latency {z=
2,07;p=0,037,0ms78(218400) Off342(200400), lengthened the right frontal P300 latency=(
2,06;p=0,038, 0nz70(228400) Offz44(200400), and reduced the left central P300 latency
(z=1,96;p=0,0490nz61(300400) Off300(300500). IN all psychotic groups prescription of lithium
increased the left prefrontal P300 amplituder ¢(55,92;p=0,0170ns20¢1.6210.14) Off1.68¢6.32

6.36)-

In SCZ prescription of FGAs increased left central P100 amplitude (z=2.13; P=0.032,
OnNo.85(0.047) Offo.32¢4.192.23) and reduced left parietal P100 amplitude (z=2.44; P=0.014,
ON1.82(0.0643.54) Offo 24¢2.954.44). IN SCZ, clozapine lengthened leftnted P100 amplitude (z=

2,75;p=0,0050n1 50(0.257.02) Off-0.08¢3.753.10).

In BPD prescription of any antipsychotic medication increased right parietal N70 amplitude
(z=2.49; P=0.012n0.69¢2.392.87) Off2.10¢6.520.30) and increased left centt®100 amplitude
(z=1.98; P=0.040n0.70¢1.21.2.82) Off.0.33¢3.382.21). Prescription of FGAs in BPD increased left
central P100 amplitude (z=1.98; P=0.0d#6.76¢0.662.82) Off0.30¢3.382.39), While presaption of
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SGAs in BPD increased right prefrontal N170 amplitude (z=2.03; P=@hQ26}3 996.46) Off-

2.93(9.97.0.78)).
3.4.2Secondtue evendtrelated potential wave component medication differences

For the second cue ERP medication differences were fadmah all three psychotic groups

were combined andvithin each of the psychotic disorders.

In all psychotic groups prescription of FGAs increased the left prefrontal P300 latency
(F1,76=5,43;p=0,0220316.11(42.45)0ff208(202388)). IN all psychotic growpprescripion of SGAs
reduced the right parietal P150 amplitude (z=2,30;p=0,Q21,13¢2.525.36) Off2.12¢7.9616.25),
increased the right central P300 latency -&87;p=0,0040n04(300500) Off368(300484)), and
increased the left parietal P300 &tcy (z=2,59;p=0,009,0n400(250500) Off374(250500). IN all
psychotic groups prescription of mood stabilizesisortened the right prefrontal N170
latency (z=2,64;p=0,00&n140(100200) Off156(100200). IN all psychotic groups prescription of
anticholirergics inceased the left prefrontal N170 amplitude:(#=4,39;p=0,039900.35(2.39)
off.1.46(2.67). In all psychotic groups prescription of clozapine increased the right frontal P100
amplitude (k76=7,91;p=0,006,0n2.36(1.91) Offo.002.44), iNncreasedthe left prefrontal N170
amplitude (k,76=4,31;p=0,041,0n068(2.97) Off-1.17(256), increased the right frontal N170
amplitude (fr,7=7,01;p=0,0090n0.11(1.53) Off-2.26(2.46), iNncreased the left prefrontal P300
amplitude (k76=4,06;p=0,0470n.99(377) Off2.81(3.09). In all psychotic groups prescription of
risperidone lengthened the right central P300 latency-Z238;p=0,002,0n 26(352500)
offaz2300500). In all psychotic groups prescription of haloperidol increased the right parietal
P100 ampitude (z=2,13;p=0,0320M: 14¢7.9613.39)0ff1.14¢3.077.11), increased the right parietal
P150 amplitude (z2,51;p=0,011pns35¢7.9616.25) Off151¢3.378.54), Shortened the left central
P300 latency (z=2,44;p=0,01dns57(300500) Offz9e@o0500), and shortened the right central
P300 latency (z=2,11;p=0,084s36(300484) Off3s5(300500). IN all psychotic groups prescription
of sodium valproate increased the right parietal N70 latency2(23;p=0,0320ngs520150)
off72(20150), andincrea®d the left prefrontal P300 latency 1(fe=4,10;p=0,0460N319.73(41.49)

0ff295.67(202398)).

In SCZ, SGAs reduced right parietal P150 amplitude (z=2.03; P=0r042;.195.35)

0ff2.11(1.448 53).
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In BPD, SGAs lengthened left parietal Padénkcy(z=-2.13; P=0.0329mn39312500) Off373(250
452). In BPD sodium valproate shortened left prefrontal P300 latency=%,19; P=0.031,

0Na16.93(41.670ff276.61(51.95).

In MPD, haloperidol increased right parietal P150 amplitudel(29; P=0.0460ns207.96

16.25)0ff1.18¢2.51.4.86)).
3.4.3Target eventelated potential wave component medication differences

For the target stimulus ERP medication differences were fouhedn all three psychotic

groups were combined andithin BPD only.

In all psychotic pups prescription of SGAs reduced the right parietal P100 amplitude
(z=3,01;p=0,0020n1.10¢2308.54) Off1.27¢2.94520), reduced the left parietal P150 amplitude
(z=2,4;p=0,013,0n0.54¢4.357.53) Off1.61¢3.11.6.60), reduced the right parietal PD5amplitude
(z=2,96;p=0,00300.43¢2.308.54) Off2.11¢3.278.27), lengthened the left central P300 latency {z=
2,71;p=0,006,0m04(300500) Offze4(300500), lengthened tle right central P300 latency (z=
2,43;p=0,014 pruos(300500) Off372(300480), ard lengthened the left parietal P300 latency {z=
3,25;p=0,001,0r06(250500) Off37(250500). IN all psychotic groups prescription of clozapine
reduced the left parietal N7&mplitude (f,76=4,42;p=0,0380n3.10(2.23)0ff-1.75(1.83), reduced
the left paietal P100 amplitude (Fe=4,47;p=0,037pnN0.32(2.02) Offo.97(1.76), iNcreased the
right prefrontal N170 amplitude {Fe=6,74;p=0,011pn061(1.52)Off.1.07(1.94), iNncreased the
right frontal N170 amplitude @7¢=4,41;p=0,0390n0:51(1.38) Off-1.77a.81). In all psychotic
groups prescription of risperidonelengthened the left central P300 latency {z=
3,07;p=0,002,0n4 26(362500) Off370(300500), lengthened the right central P300 latency {z=
2,35;p=0,018prnu0s(352500) Off374300500), and lengihened the left parietal P300 latency (z=
2,46;p=0,013pnos(250500) Off378(250500). IN all psychotic groups prescription of haloperidol
increased theight parietal P100 amplitude (2Z19;p=0,0280n:.19¢2.885.20) Offo.25¢2.948.58),
increased theright parietal P150 amplitude (z2,11;p=0,034pn:.33¢2.888.27) Offo.88¢3.27.8.58),
and shortened the left central P300 latency (z=1,99;p=0,04%;300500) 0ff392(308500)). 1N all
psychotic groups prescription of lithium increased the left cahtN170 latency (z=
2,19;p=0,028 0n182(138250) Off150(100250), and increased the left parietal N170 latency-(z=
1,99;p=0,045,0mss(100250) Off159(100246). In all psychotic groups prescription of sodium

valproate shortened the left central P100 laty (z=2,10;p=0,03%®Ne7(50138) Off113(50150),
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and lengthened the left prefrontal P300 latency 1 {&4,44;p=0,038, 0nz24.55@35.70)

0ff300(49.53).

In BPD, SGAs: reduced right parietal P100 amplitude (z=2.22; P=n@2by1822.17) Off1.49¢
2.944.11), reduced left parietal P150 amplitude (z=1.98; P=0.@40,10¢2.143.04) Off1.70¢2.89
453), reduced right parietal P150 amplitude (z=2.46; P=0.00004¢2.062.17) Off2.00¢3.264.11),
lengthened left central P300 latency (z2.01; P=0.0440n431(300500) Off3a5(300458), and
lengthened left parietal P300 latency (z2.85; P=0.0040mu4s(344500) Off373(250450). Then
lithium in BPD lengthened left central N170 latency-&89; P=0.0300ms2(138250) Off158(114

220).
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Chapter 4 Dis@sion

Our main findings for each of our aims are as followss($jained attentional performance
ispoorer in SCur study adds to previous studies showing attention processing deficits in
SCare evident during cueing of a sustained attention task¥sibstance usaas found to
slow cognitive processing, education improvexkecutive function and foermation
processingand symptom severity was associated with dysfunction of prefrontal and frontal
cortices; (3) antipsychotic medication was related itoproved processing of salient

information.

The study included 103 participant®7( CON, 27 SCZ, B®D and 21 MPDAIthough our

intent was to match demographics across groups, we fo@@N were younger in age
compared to SCZ and BPD. MPD reported feyears at school compared to COahd

MPD reported shorter total duration at school going comparedC®ON and BRDeduced

education in methamphetamine users has previously been repottdd Q. NA Sy g | yi
2009; Paulus 2017)urthermae, SCZ weighed more than MPD and CON, then BPD
weighed more than MPD and CON. Lastly SCZ BMI watergtean MPD and CON, and

BPD BMI was greater than MPD and CON. These significant weight diffexemtiksly due

to psychotropicmedicationand their duration of use(Jibson 2017)The total substance
involvement (TSI) score was higheM®PD compared to CON, SCZ and BPD. Tobacco ASSIST
score was higher in MPD compared to CON, SCZ and BPD. Cannabis ASSIST score was highe
in MPD compared t&€ON, SCZ and BPD. Methamphetamisescore was higher in MPD
compared to CON, SCZ and BRDwas epected that MPD would report high use of
methamphetamine and other substances when compared to our other gr@dp&etin et

al. 2013)

Clinically, SCZ and MPD reported higher positive and negative symptom scores compared
with BPD.Then SCZ reported greategeneral psychopathologyn the PANSS scale
compared to BPDThese data suggest severity of illness, not pslychotic symptoms, was
greater in SCZ when compared to BPD. This was supported by general clinical assessment of
mental health, using thelinical global impressioand global assessment of function scales,
where scores were worse for SCZ compared whD BEExtrapyramidal side &fcts score,

using the Simpson Angus scale for Parkinsonism, was higher in SCZ compareditasBBD.
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likely due to clozapine being prescribed more in SCZ compared t¢JBRDsen & Kroken

2012) D! Q& 3ISYSNI FE@NKLPSI FERISNI aA RS S¥FFSOhGa |
for clozapine, olanzapine, and risperidorfeeucht et al. 2009)MPD reported shorter

duration of illness when compared with SCZ and BPD. We suggest this difference is related

to the transition in dignosis from MPD to SCZ lwitime, this study however excluded
participants with either a diagnosis of SCZ or BPD which may have had a causal link to the
methamphetamine abuse.First generation antipsychoticsergo haloperidol, were

prescribed more in MPDompared to SCZ and BPThis is due to the effectiveness of
haloperidol in treating the effects of methamphetamin&lasnetEdwards & Mooney

2014) Second generation antipsychotics were prescribed more for SCZ compared to MPD.
SCZ has longer durati of illness comparedtat 5 YR GKSNBTF2NB | NB 3IA
symptoms of psychosis and tleér ¥ G SNJ | NS foH man&ygment Bf ! s@riptoms
(AbouSetta et al. 2012; Johnsen & Kroken 20IXjferences were found for clozapine;
however specific group ifferences were not evidean Our results show that cognitive

deficits in SGZare slightly improveds A (1 K Mddd €abilizersin general and lithium

were prescribed more in BPD compared to MPD and SCZ. Then sodium valproate was
prescribed more to BPD nwpared to MPDThis was to be expected as BPD is primarily a
disorder of mood and medications prescribed are to improve mood staljNlhi et al.

2017)

4.1 Groupsdifferences in behavioat performanceand eventrelated potential wave

components

Behaviourally, performance of the CPT task, SCZ performed poorer than the other groups.
This included poorer accuracy, a greatermber ofincorrect responss, longer response
times, and more errors of omission compared to CON, they also made more errors of
omission than BPISCZ is known to have cognitive deficits compared to ((WiNsuka et
al. 2013) Increased N170 and P300 amplitudes along with lengthened latencies have
previously been noted in S@@nitsuka et al. 2013; Feuerriegel et al. 2009)eincreased
amplitudes and lengthened latencies in SCZ indicate that cueing and processing of
sustaired attention s different in SCZ when compared with C@Nbeit that it is known

that SCZ present with cognitive deficits and deficits in processing target stimuli, this study
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provides ERP evidence to cognitive differences during cue processing. Thiddfdtcence
in BPD and MPD compared with CON suggests that cueing and processing of the sustained

attentional task applied in this study are not affect@able 41).

Table 4.1Groups differences in behavioural performance and eveslated
potential wave components

Group differences Schizophrenia Methamphetamine induced psychosis
Continuous Performance Task
Behavioural performanceSCZ had fewer correct responses compared to CON
SCZ response times were longer compared to CON

SCZ errors of ommission were more compared to CON and BPD
Cuel left frontal P100 amplitude left parietal N170 amplitude was
compared to MPD
left central P300 amplitude
left frontal P100 amplitude was left pre-frontal N170 latency was

compared to CON and BPD compared to CON
right frontal P100 amplitude was
compared to CON and BPD
left central P100 amplitude was
compared to CON
right central P100 amplitude was
compared to CON
right central N170 amplitude was
compared to CON
left pre-frontal N170 latency was

Cue 2 right pre-frontal N170 latency

right frontal N170 amplitude

compared to CON
. . left frontal P100 amplitude was right pre-frontal P300 latency was
Target right parietal N70 latency compared topCON ghtp compared to CON Y

right frontal P100 amplitude was
compared to CON and BPD
right prefrontal N170 amplitude was
compared to CON, BPD and MPD
left frontal N170 amplitude was
compared to CON
right frontal N170 amplitude was
compared to CON
left pre-frontal N170 latency was
compared to CON
right pre-frontal P300 latency was
compared to CON

The table denotes significant ANOVA, parametric (F-test) and non-parametric (H-test) ERP differences across all groups with further ERP differences
CON, SCZ, BPD and MPD. Significance P<0,05

4.1.1First cueevent related potential wave component group differences

For the first cue, wave component differences were found only over the left hemisphere,
for the P100 amplitude over frontaP300 amplitude over theentral cortex, and NZ0
amplitude over the pagtal cortex. The task our participants performed included repetition
of stimuli to improve the signal to noise ratio of neural activity, task repetition is known to
activate the left hemisphere, the inability to maintain procegshms been related to the
inability to maintain engagement of the left hemisphere during repetitive tgblesmrodov

et al. 2011) The P100 amplitude differences were not linked to specific group differences,

i.e. the overall test found a significant difeace, and poshoc test dd not yield specific
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group differences. Extraction of this wave component was supported by the literature,
which states that the P100 is integrally involved in cognitive processes, however the exact
neural mechanism during cogivié processing remain unkiwn (Campanella et al. 2006t

has been suggested that P100 amplitude decreases when the individual does not attend to
a task(Bolton & Staines 2011pue to the presence of an extractable P100 during early
cueing, first cue, it suggests that our participants were engagil tlve task while they

were performing it and there were differences in the ability of participants to maintain

early cognitive processes related to repetition.

The N170 amplitude over the left parietal cortex was smaller in SCZ when compared to
MPDduring the first cue onlyPrevious studies have shown that N170 amplitude is reduced
when the working memory capacity is at a max pdibrgan et al. 2008)This suggests
that SCZ compared to MPD,are unable to recruit working memory sufficiently and
therefore have reducedability to concentrate or maintain attention during the tasgkhas

been noted m SCZthatthe N170 is attenuated when processiamotionalstimuli (Lynn &
Salisbury 2008; Feuerriegel et al. 2015; Cao et al. 2015; Mzthal. 2016) The N170
usually shows dominancever the right hemisphere during a task which involves the
presentation of faces showing different emotio(itso et al. @17) However ourstudy did

not involve face processing, but N170 related to letter procesgstgvens et al. 2013)n
healthy adults areater amplitudehas beemoted for the N170 in single letter processing.
Our findings for the our first cue support these previous stu@gtevens et al. 2013; Begum

et al. 2014) Taking this literature into consideration our findings suggest thdividuals

with SCZand MPD have differences in the initiation of cue processing during a sustained

attention task
4.1.2Seconccueevent related potential wave component group differences

For the presentation of the second cue, differences noted forrallijgs werelocalised to

the frontal and central brain regions and for P100 and N170 ERP wavetafhand right

frontal and central P100 amplitude in SCZ was greater compared to CON. SCZ had greater
left and right frontal P100 amplitude compared to BPBolton and Steines (2011)
suggested a decrease in P100 amplitude in the dorsal lateral prefrontal cortex contributes

to processing and filtering of irrelevant informatigBolton & Staines 2011with poorer
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behavioural performance in SCZ and increased P100 amplitude during the second cue this
may suggesthat arereported in the literature SCZ that théyave a reduced ability to filter

and process relevardtimuli compared to CON and BPIhenCON had a shorter left pre
frontal N170 latencyvhen compared to SCZ and MPD. T$uggestghat visual processg

is slowe in SCAnd MPD The lack of difference found for BRDggests that deficits ioue
processing is limited t8§C4Heimrath et al. 2012; Stevens et al. 2048)1 MPD Lastly,SCZ

N170 amplitude was greater when compared to Cse results indiate that here are

possible sensory deficits which can influence target stimuli selg€ikena et al. 2006)
4.1.3Target stimulus eventelated ptential wave component group differences

For the target stimulus wave component differences were found over the prefrontal
frontal and parietalbrain regions. SCZ had a grealft and rightfrontal P100 amplitude
compared to CON. SCZ hadraager right frontal P100 amplitude compared to BPD. The
P100, involved in basic visual procesgitynn et al 2008) was found to be greater in SCZ
compared to CON and BPD. As previously mentioned, the presence of the P100 during a
cued task implies that the individual was engaged in the task. Also, the greater P100
amplitude in SCZ for the presentation of targstimuli is indicative of differentiating
between the target stimulus and potential distractdiisynn et al. 2016}his suggests that

SCZ requireenhanced processing of the P100 which may be related to ineffective filtering

of what is relevant and what is not

SCZN170 was found to differ, they reportedreater right prefrontal N170 amplitude
compared to CON, BPD and MPand greater left and right frontal N170 amplitude
compared to CONThen SCZ and MPD N170 latency was longer than reportdebirthe

first and second cue an increase in N170 amplitadédelayed latencywas notedoverthe
prefrontal and frontal cortex in SCIA. a study conducted by Wynn et al, (2008) the N170
showed delayed latency and increased amplitude in, SG@porting our findingswWhile,
Campanella et al, (200&6nd Morgan et al(2008 reported delayed latency and decreased
N170amplitude contrasting our current finding®ur results show that SC&cognized the
series of cues preceding the target but had a delay in responding to the target stimuli when
it was presentedThe enhacedamplitudes of P100 and N170 show that SCZ were engaged

in the task and were applying significant effort. Campanella et al, (2006) suggested that
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deficits in early (P100 and N170) visual processing underlies further dysfunction of the P300
in SCZ. Hower, our data suggests that the cognitive deficits are more strongly related to
later (P300) cognitive processing, following increased amplitude in P100 and N170

waveforms which reflects the poor cognitive performameportedin SCZ.

To support this,SCZand MPD reported longer P300 latency over their right prefrontal

cortex when compared with CONhe longer latency inSCZ and MPBuggestsa longer
temporality to completing cortical updating and orientating, supported{by % Qa LJ2 2 NX
behavioural performace (Sur & Sinha 20097 he differences found over the prefrontal and

frontal regions inttate that there are impaired executive function in SQ&rishnadas et al.

2014) Finding the P300 ddfene in MPD too, suggests that MPD share in part the
executive function deficits seen in SCZ, and are related to later cognitive pro¢dssimer

research is required to contrast the similarities reported in MPD with SCZ.

4.2 Eventrelated potential waveomponent relationships

Many relationships were found between demographics, drug use, and clinical variables and
ERP wave components during the sustained visual attention task. Overall, for the first cue,
education positively correlated with the N170 Igirietal amplitude in CON and P300 right
parietal amplitude in MPD. During the second cue, the left parietal N170 latency in SCZ
correlated positively with education and the left central P300 latency correlated negatively
with education in MPD. The age ¢ime day of testing correlated negatively with the first
cue right parietal N70 latency and correlated positively with the target left frontal P300
latency in MPDTable 4.2.
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Table 4.2.Event related wave component correlates with demographics

Methamphetamine induced

Control Schizophrenia .
psychosis
Cue 1: Demographics
Age on day of imaging (yrs) - right parietal N70 latency

+ right parietal P300 amplitude
Duration at school (yrs) + left parietal N170 amplitude
Tertiary education (yrs) + left parietal N170 amplitude + right parietal P300 amplitude
Cue 2: Demographics
Duration at school (yrs) + left parietal N170 latency - left central P300 latency
Total duration of education (yrs) + left parietal N170 latency
Target: Demographics
Age on day of imaging (yrs) + left frontal P300 latency

Duration at school (yrs) + left parietal N170 latency

Correlation differences across all four groups and further across psychotic groups (SCZ, BPD, MPD), in demographics, behavioural perfo
drug use. + positive correlation - negative correlation. Spearman's rank order ®BdSignificance P<0,01

A summary of these relationships are as follows: for the first cue, drug use negatively
correlated with the CON left prefrontal, central and parietal N170 latencies and positively
correlated with the right central N170 amplitude in BPD. In SCZ, correlatrmenoted for

the P100 left frontal and parietal amplitude and latencies and the N170 frontal latency. In
MPD there was a positive correlation with the right frontal N170 amplitude and right
central P300 latency. For the second cue, drug use correlatadiyady with the right
parietal N70, right prefrontal N170 and left frontal N170 amplitudes, and negatively
correlated with the right frontal P100 latency in CON. A positive correlation was noted
across left and right parietal P300 latency and negatiVelythe right parietal P100
amplitude in SCZ. A positive correlation was noted for the left frontal N170 amplitude in
BPD. In MPD, a negative correlation was noted across left and right prefrontal N170 and
P300 amplitudes, and positive correlation for tledt prefrontal P300 latency in MPD. For
the target stimulus, correlations were evident for the right frontal P100 latency and P300
amplitude and the left parietal P300 amplitude in CON. Left and right parietal N70, N170
amplitudes, P300 latency, the righaretal P100 amplitude and left central P300 latency in
SCZ correlated with drug use. Lastly the left parietal N170 amplitude in MPD correlated
positively with drug useTiable 43).
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Table 4.3 Event related wave

component correlates with drug use

Control

Schizophrenia

Bipolar | disorder

Methamphetamine induced psychosis

Cue 1: Drug use
TSI -

Tobacco -

Cannabis -

Alcohol

Cue 2: Drug use

TSI

Cannabis -

Alcohol

Target: Drug use

TSI -

Tobacco

Cannabis -

Methamphetamine

left parietal N170 latency
left prefrontal N170 latency

left central N170 latency

right frontal P100 latency
+ right parietal N70 amplitude
+ right prefrontal N170 amplitud¢
+ left frontal N170 amplitude

left parietal P300 amplitude

left parietal P300 amplitude

right frontal P100 latency

- right frontal P300 amplitude

Alcohol + right frontal P300 amplitude

left parietal P100 latency
+ left frontal P100 amplitude
+ left parietal P100 latency

left frontal N170 latency

+ left parietal P300 latency
+ right parietal P300 latency
- right parietal P100 amplitude

- left parietal N70 amplitude

- right parietal N70 amplitude
- right parietal P100 amplitude
- left parietal N170 amplitude
- right parietal N170 amplitude
+ left parietal P300 latency

+ right parietal P300 latency
- left parietal N70 amplitude

- right parietal N70 amplitude
- righ parietal P100 amplitude

+

left central P300 latency
+ right parietal P300 latency

+

left parietal P300 latency

+ right central N170 amplitude

+ left frontal N170 amplitude

+

right central P300 latency

right frontal N170 amplitude

left prefrontal P300 latency

left prefrontal N170 amplitude
right prefrontal N170 amplitude
left prefrontal P300 amplitude
right prefrontal P300 amplitude

left parietal N170 amplitude

Correlation differences across all four groups and further across psychotic groups (SCZ, BPD, MPD), in demographics, behavioural performance, and drug use. + positive correlation - nege
Spearman's rank order Rid,5 Significance P<0,01

A summary of these relationships which pertained only to the psychotic groups are as

follows: for the presentation of the first cue, the PANSS total correlated with the left and

right central and parietal P300 amplitude in SCZ. The SCZ left parietal armbnigal P300

amplitude correlated with the PANSS general. PANSS total correlated with the left and right

central P100 amplitude and PANSS general correlated with the left parietal P100 amplitude

in BPD. Then the BPD right parietal P300 amplitude coelaith the PANSS negative
(Table 44, Table 4.5, Table 4)6
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Table 4.4 Event related wave component correlates with clinical scales for the
first cue

Methamphetamine

Schizophrenia Bipolar | disorder induced psychosis
ERP wave form ERP wave form ERP wave form
Positive & Negative Syndrome Scale
Total score+  left central P300 A + left central P100 A

+ right central P300 /+ right central P100 A
+ left parietal P300 £
Negative symptoms+  left parietal P300 £ + right parietal P300 A
General psychopathologyt  right central P300 / + left parietal P100 A
+ left parietal P300 £
Calgary depression for schizophrenia - left frontal P300 A
- right frontal P300 A
- left frontal N170 A
Hamilton depression rating scale - right parietal P300°
- right frontal N1701
+ left parietal N170 /
+ right parietal N170
Young maniarating scale - rightcentral P100 "
Clinical global impression of illness severity  left parietal N170 "
Global assessment of functioning scale left prefrontal N170 A
right prefrontal N170,

Correlation differences across all four groups and further across psychotic groups (SCZ, BPD, MPL
demographics, behavioural performance, and drug use. + positive correlation - negative correlation. Spe
rank order Rho + 0,5 Significance P< 0,01
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Table 4.5: Event related wave component correlates with clinical scales for the
second cue

Methamphetamine

Schizophrenia Bipolar | disorder induced psychosis
ERP wave form ERP wave form ERP wave form
Positive & Negative Syndrome Scale
Positive symptoms - right parietal N170 A
Negative symptoms + left central P300 A

+  right parietal P300 A
+  left parietal N170 A
+ left parietal P100 A
+ left parietal P150 A
+  right parietal P150 A
General psychopathology  right parietal P150
Clinical global impression of illness severity - right frontal P100 T
Global assessment of functioning scale +  left prefrontal N170 A

+ right prefrontal N170,

Correlation differences across all four groups and further across psychotic groups (SCzZ, BPD, MPD), in demc
behavioural performance, and drug use. + positive correlation - negative correlation. Spearman's rank order Rt
Significance P< 0,01

Table 4.6: Event related wave component correlates with clinical scales for the
target stimulus

Methamphetamine

Schizophrenia Bipolar | disorder
P P induced psychosis
ERP wave form ERP wave form ERP wave form
Positive & Negative Syndrome Scale
Negative symptoms +  right parietal P300 A

General psychopathology  right parietal P150°
Calgary depression for schizophrenia + right central N170 A + left frontal P300 T
+ left central P100 T
Hamilton depression rating scale - right parietal P300. + left frontal P300 T
+ right frontal P300 T
Global assessment of functioning scale +  left prefrontal N170 A
+ right prefrontal N170,
Correlation differences across all four groups and further across psychotic groups (SCZ, BPD, MPL

demographics, behavioural performance, and drug use. + positive correlation - negative correlation. Spe
rank order Rho + 0,5 Significance P< 0,01

4.2.1Event related wave component correlates with demographics

9RdzOF A2y ¢l a NBfIFTGSR (2 (GKS FTANRG OdzsSQa
have been shown to d affected by level of educatioBegum et al. 2014)Within CON,

years of tertiary education and number of years at school were positively correlated with
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left parietal N170 amplitude, supporting the findings of Begum et al420 hese findings
suggest thatCONwith higher levels okducation showed recognition and attention that

the cueing process has been initiated by the presentation of the first Then MPD right
parietal P300 amplitudeositively correlated with levelof tertiary education, suggesting
that in MPD tertiary educatiomvas advantageous toortical updating at this early cueing
stage. Our study follows previous results conductedBggum et al. 20143howing that
education doesndeed influence the N170 and P300 ERP waveforffusther, increased
education to be related witlncreasedP300amplitudeduring the cueing process suggests
that individuals are more strongly involved in early frontal executive processes when in the
cueing stges of the task versus cortical updatif®ur & Sinha 2009}his finding requires
further investigationas there is an absence of cueing P300 research in MPD to contrast this

finding.

Duration of educatiorwas related to left hemisphere N170 latenoySCZ and MPor the
second cueThe total duration at school positively correlated with tledt parietal N170
latency in SCZDelayed N170 latency was previously found in SCZ indicating deficits in
executivefunction and visual processing deficifEhe N170latency has been linked to
damage of the prefrontal and frontal cortesesulting in dedyed processing of visual stimuli
(Adams et al. 2017)Scott et al, (2007) found that SCZ and MPD have damage to the
prefrontal and frontal corticegScott et al. 200;7Bonilha et al. 2008; Hazlett et al. 2008;
Petit et al. 2012) The duration at school negatively correlated with the left central P300
latency within MPD, also a positive correlation was noted with left parietal N170
latency in SCZ. As with thestfircue, education influenced the N170 and the P300

waveforms of the second cue.

For the target stimulus; the left parietal N170 latencysjively correlated with the
duration at school in SCZ, low education level in SCZ has previouslyepeeed to affect
behavioural performancgErick Messias, Chuafu Chen 2009)The left frontal P30
latency positively correlated with the age on the day of testingMPD These results
indicate that age of MA use can influence cogmitibhese data suggest neural circuitoy
the N170 to P300 are not only related to SCZ but are related to educaitioh this

association igpparent in SCZ and MPD

73



4.2.2Event related wave component correlates with drug use

Early cognitive processing waseafed by substance involvement across all groups. For the
first cue; total substance involvement correlated positively with the right central P100
amplitude within BPD. A negative correlation was found for the left pdriiZ0 latency in
CON, along witlthe left parietal P100 latency in SCZ with the total substance involvement.
Slowed cognitivgprocessinghas previously been shown in substance abuse, this has been
shown in CON and SCZ, and includes attentional procemsthipading of working memory
use6 5 Q{ 2 dzl I ; Petit et blf2@12; Thames et al. 201d)y. slowed P300 and reduce
P300 latencyd 5 Q{ 2 dzl | STherel id limited dataHréporting on early cognitive
processing ERP waveforms, and further study is required to fully elucidate the relationships

found with total substance use during the cue@cess.

Tobacco use has previsly been shown to improveognition andpatient recovery at
mental health institutions despite the adverse effects tobacco has on the human body
(Weinberger & Sofuoglu 2009)obacco use positively correlated with the Hetintal P100
amplitude, left parietal P100latency, and negatively correlated with thérontal N170
latencyin SE. The right central N170 amplitude in BPD, and right central P300 latency in
MPD correlated positively with tobacco use. Tobacco use in SCZ has previously been
positively related to negative symtoms within SCZPatkar et al. 2002)Despite the strong
correlation to negative symptoms in SCZ, amplitude reduction following tabase has
shown an enhanced ability in individuals to ignarelevant stimuli as well as follow
habituation (Veltri et al. 2017) This enhancement has been sho in previous studies
which added alertness, verbal working memory and attention accuracy to the list of

enhancementgfWesnes & Warburton 1983; Heishman et al. 2010; Kleykarap 2011)

Alcoholuse correlated positively with the right central N170 amplitude in MPD only. A
previous study reported a similar finding in detoxified alcoholiggtheusRoth et al.

2016) a seond found delayed latency of the N1{@hang et al. 2017}t is known that the

abuse of alcohol affectsontal and more severely the subcortical brain structug@®selhy

et al. 2001; Brumback et al. 200Qur findingd dzLJLJ2 NIi Qa (G KS NB L2 NI SR
addresses the damage in of gating neural activity, a result of alcohol abuse. Cams®bis

correlatednegaively with the left central N170 latenap CONVan Tricht et al, (2013) and
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Troup et al (2016) repoed attenuated amplitudes and longer latencies in cannabis users
(van Tricht et al. 2013; Troup et al. 2018)he current findings in part support the
literature, however finding increased P100 and N170 amplitude contradtipus studies.
Winton- Brown et al, (2015) indicated cannabis use in high psychosis risk patients have
reduced sensory gating and overall reduced cortical function. Alcohol, tobacco and
cannabs use reduced early sensory gating which therefore indicatesduced ability to

filter irrelevant informationwith use of these substances.

The second cue revealed substance involvement affected early and late cognitive
processing across all groups. Tlatabstance involvement scores positively correlated with
the left and rightparietal P300 latency in SCZ, the left frontal N170 amplitude in BPD and
the left prefrontal P300 latency in MPD. Cannabis use correlated positively with the right
parietal N70 lgency and negatively with the right frontal P100 latenayithin CON and

right parietal P1L00 amplitude in SCZannabis use affected executive functioning along
with movement and speech 5 Q{ 2 dzl | . Bhése Felatibnships sudgést that cannabis
use affected cue processing in CON, amdimally affeced cue processingn psychotic
disordess. Alcoholpostively correlated with the left frontal N170 naplitude and right
prefrontal N170 amplitudén CON, theeft and rightprefrontal N170 and P300 amplitude in
MPD. Alcohol is known to affect the prefrontal and frontal cortex func{idoselhy et al.
2001) There $ a single study which has addressed the effects of alcohol on N170 latency,
however this study investigated hazardous drinkers and found longer N170 latencies in
facial processing(Zhang et al. 2017)Further study is required to understand the

mechanisms in which alcohol shortens the N170 latency during early cueing processes.

During target processingubstance use strongly correlated with wave components over
parietal regions across all groups, then unique relationships within, SOX and MPRere

found. Total substance involvement correlated negatively with the right parietal P100
amplitude, negatively wi both theleft and rightparietal N70 amplitude and N1{farietal
amplitude in SCZ, as well as negatively with the left parietal P300 amplitude in CON. The
total substance involvement correlated positively wigfit and rightparietal P300 latency in

SCZ. Methamphetamine use positively correlated with the leftgpalr N170 amplitude in

MPD. MA has previously been shown to have an attenu&&d0amplitude during early

MA abstinencgBerman et al. 2009)This reduction iramplitude is from the disruption of
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catecholaminergic neurotransmission in individual with chronic MA (Merdahl et al.
2003) Tobaccause correlated negatively with the left parietal P300 amplitude in CON, then
negativelywith both the left and rightparietal N70 amplitudeand positively with the left

and right parietaP300 latencythen positively correlatedvith the left central P300 latency
and negatively with theright parietal P100 amplitude in SGZur result adds to a previous
study conducted on the effects of tobax use in SCZ which has been shown to enhance
parietal cognitive processin@siessing et al. 2006Dur data extend these findings as we
report a link between tobacco se and reliability of cue updating during attentional
processing. Alcohol use correlatedsitively with the right parietal N170 latency across all
groups and negatively with the right prefrontal P300 amplitude in CON. Cannabis use
correlatednegatively wih the left frontal P100 latency and right frontal P300 amplitude in
CON. Troup et al, (26) explained that delayed latency and was noted when attention was
directed at the emotional cues. Also, a reduction in amplitude was noted with an increase
in canndis dose(Troup et al. 2016)These results support the current literature, that with
substance use recognition arukerception of target stimuli, and attentional deficits are
apparent and more strongly &€t parietal cortices functio(Kleykamp et al. 2011; Troup et

al. 2016; Troup et al. 2017; Ehlers et al. 2003)

4.2.3Event related wave compant correlates with behavioural performance

Behavioural performance was related totheta&® ¢ @S O2Y LRy Sy da 27
By accessing the number of correct responses, impulsive responses, omissions and
commissions, a record of attention can becorded. Omissions assess the attention given

to the task at hand whereas commission asss impulsive behavio(Fable 47).
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Table 47: Event related wave component correlates with behavioural
performance

Control Schizophrenia Methamphetamine induced psychosis

Cue 1: Behavioural performance

Correctresponses + left parietal N70 amplitude  + left parietal P150 latency
+ left parietal P100 amplitude
+ left parietal P150 amplitude
+ left central N170 amplitude
+ left parietal N170 amplitude

Total number of omissions - left parietal N70 amplitude + left frontal P100 amplitude
+ left central P100 amplitude
+ left parietal P100 amplitude
Total number of impulsive responses - left parietal N70 amplitude

left parietal P100 amplitude
left parietal P150 amplitude
left central N170 amplitude
- left parietal N170 amplitude
Cue 2:Behavioural performance
Response time - right central P100 latency
right parietal P300 latency
Total number of omissions - right frontal P100 amplitude + right parietal P100 amplitude

+ right parietal P150 amplitude

Total number ofimpulsive responses - left central N170 amplitude  +  left parietal N70 latency
Target: Behavioural performance
Response time - left central P300 latency

- right central P300 amplitude
right parietal P300 latency

Trick stimulus responses +  leftfrontal P100 latency
Total number of omissions - left parietal N170 amplitude
Total number of impulsive responses - left central N170 amplitude  +  left parietal N70 latency

Correlation differences across all four groups and further across psychotic groups (SCZ, BPD, MPD), in demographics, behavioural performance, an
positive correlation - negative correlation. Spearman's rank order#hé Significance P<0,01

In CON, the number of correct responses puasly correlated with the left parietal N70,
P100, P150 and N170 amplitude, and left ceahti170 amplitude. While the number of
impulsive responses correlated negatively with the left parietal N70, P100, P150 and N170
and the left central N170 amplitudef CON. The the number of omissions negatively
correlated with CON left parietal N70 amptie. These relationships suggest that during
early processing of initial cueing, increased amplituaiesrelated to improvedehavioural
performance, while decreaseamplitudesare related toimpulsive behaviowal responsein

SCZ, the number of correctsponses positively correlated with left parietal P150 latency
and SCZ performed significantly worse than the CON. This relationship suggests that with
slower P150 mcessing, behavioural performance in SCZ may improve. The P150 in SCZ has
previously beemoted to potentially underlie severity of negative symptofkgashima et

al. 2004) However, further research is required to fully undersd the role the P150 has in

SCZ behavioural performance.
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Lastly, in MPD the number of omissiopsstively correlated withleft frontal P1®

amplitude and left parietal P100 amplituda BPD, suggting omissions in MPD and BPD

are related to P100 prosses however in relation to different cortical brain area
functioning. Behavioural performance was related to the early wave components of the
FANRG OdzSQa 9wt > T dzNI K &StNdseNiBdingsl NOK A a NI Ij dziA N

For the second cue, ehavioural perfomance was related tothe fronto-parietal
relationship across all groups. The number of impulsive responses negatively correlated
with the left central N170 amplitude in CON apasitively correlated vih the left parietal

N70 latency in SCZ. The numberoafissions negatively correlated with the right frontal
P100 amplitude in SCZ and positively correlated with the right parietal P100 and P150
amplitude in MPD. Featherstone et al, (2007) suggestedettage deficits in attentional
performance with increasedmissions, and reduced response accuracy. These relationships
with poor behavioural performance suggest that during the cueing process, attentional
processes related to the P100 and P150 were attéedian SCZ and MPD, i.e. reduced
engagement at this stag of cueing(Bolton & Staines 2011)Overal] response time
negatively correlated with the right centr®100andright parietal P300 latency in SCZ. The
P300reflectscortical updating which is generally attenuated in $EtAridge et al. 2015)
Oveall response timereflected shortened cortical processig (i.e. early visualand
attentional) over the right hemisphere central and parietal regions. This shows that the
second cue ERP wave form is partially impaired in SCZ and that there is a slighatprep
measure before the arrival of the target stimsl(Dufau et al. 2009; Ethridge et al. 2015)
Together, the ERP wave component findings for the second cue suggest a disengagement of

attentional proceses in SCZ, while MPD only showed early processingfslefic

For the target stimulus, the total number of impulsive responses positively correlated with
the left parietal N70 latency in SCZ. Hoptman et, (2015) and Reddy et al, (2014) suggested
that impulsvity in SCZ leads to attentional deficits, however ntatrenships between
impulsive responses and ERP wave components were found in SCZ. In CON the total
number of impulsive responses negatively correlated with the left central N170 latency and
the numbe of omissions negatively correlated with the left paaleN170 latency of CON.
Increased omissions and incorrect responses leads to a decrease in response time,

indicating that errors are more likely due to impulsive responses in individuals with
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cognitve deficits(Hebert2015) The overall response time negatively correthiwith the

right central P300amplitude and the left central P300 latency for COMnNd the right
parietal P300 latency for SCE& previous study with similar results indicated a negative
frontocentrd ERP waveform occurred after an error of omiss{@arofalo et al. 2014)
These data suggest increased N170 amplitudes may impact the P300 wave form and
attentional processing in SCZ, i.e. the shift from early to late cognitive processing needs
further investigation as the neural connectivity from N170R800 is dysfunctional in SCZ

and may underlie impulsive responding.
4.2.4Event related wave component correlates with clinical scales

¢tKS Of AyAOIrf ao0lfSa a02NBa NEGSShdorems irigeNNS € |
psychotic groups. For the Pos#i and Negative Syndrome Scale (PANSS) BPD showed
relationships with early cognitive processing and cortical updating over parietal cortex,
while SCZ showed relationships with cortical updating oeatral and parietal cortex. In

BPD PANSS total score retated positively withleft and rightcentral P100 amplitudes;

then its subscale, PANSS general psychopathology correlated positively with left parietal
P100 amplitude; and PANSS negative symptons&alb correlated positively with right
parietal P300 amitude. In SCZ PANSS total score correlated positivelylefitand right
central P300 amplitudeand the left parietal P300 amplitude; then its subscale, PANSS
general psychopathology score corr@dtpositively with right central and left parietal P300
amplitude; and PANSS negative symptom subscale correlpdsitively with the left
parietal P300 amplitude. Increased PANSS scores have been strongly related to poor
attentional performanceincluding the reduction in amplitude of earfiP100)and late

(P3®) event related wave componentsduring target processingChang et al. 2014;
Campanella et al. 2006; lwami et al. 1995)Findingthese relationshipsluring cueing may
suggest that cognitive resources are being inappropriately applied, i.e. increased
amplitudes over central and parietal cas reflect good performance during the

presentation of the stimlus and not cueing processes.

The remaining clinical scales showed relationships predominantly with latency of wave
componentsof 1 KS FANRG 0OdzSQa 9wt @& [ I (Sgfi©@dvaver & (K

component to reach its maximal amplitude, latency there addresses the speed of
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processingClayson et al. 2013; Polich 199Ppnger latencies were relatdd severity of
clinical symptoms across the psychotic groups fghtrcentral P100 (Young mania rating
scale) and P300 (Calgary depression rating scale; Hamilton depression ratingvevale)
components Within SCZ longer latencies were also related testy of clinical symptoms

for right central P100 (Young maniaing scale), right frontal N170 (Hamilton depression
rating scale), left parietal N170 (Clinical global impressions scale), right parietal P300
(Hamilton depression rating scale). Howeverorsér latencies were also found with
increased severity of clinicaymptomswithin SCZight parietal P150 (Hamilton depression
rating scale). It has been noted in the literature that more severe clinical symptoms are
associated with delayed cognitive quessing, i.e. longer latencig€amani et al. 2014;
Tripathi et al 2015) and the majority of our findings support these, furthstudy is
required to understand the shorter latency of the P150, but it may be related to bypassing
P100 which led to greater activation of circuitry related to P150. And within MPD dsectea
amplitudes were related to severity of depression scores ay there negatively correlated

with left and rightfrontal P300 amplitudesTripathi et al. (20L5) showed similar results
indicating that attenuated amplitudes are associated with more severe symptoms of
depressionThen damage to reward systems with use of MA has been relatddpessive
symptoms(Petit et al. 2012)A result of MA preventing and reversing DA reuptake causing
a reduction in DA production, this has previously been related to negative symptoms in SCZ
and depres®n (Spitzeret al. 1978; Volkow et al. 2001; Zacher & Holmes 2002pCZeft

and rightparietal N170 amplitude was positively related to the Hamilton depression rating
scale.The parietal region in SCZ has been linked to emotional expre€tsuka et al.
2013) and further emotional interference(GarciaPacios et al. 2015) Emotional
interference isthed 2 Re Q& LINBRA&ALIRZ &AAGAZ2Y G2 YSguadnt f & o
relevant information(GarciaPacios et al. 2015Yhis last finding suggests that negative and
depressive symptoms, i.e. emotional interference, impacts early cognitive processing in
SCZ(Kim et al. 2013)Our cohort were stable outpatients, these correlates suggest that

even with low clinical scale scores the first cue wave coraptsare affected.

With the second cue,lioical scalescores were correlated witltvave components across
the psychotic groups. In MPD, the PANSS negative symptom score, positively correlated

with left parietal P100 amplitude, left parietal N170 amplitu¢kft and rightparietal P150
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amplitude, ldét central P300 amplitude, and right parietal P300 amplitude. This array of
relationships in MPD, suggest that the presentation of negative symptoms in MPD bear a
significant role in cue recognition amdgnitiveinterference(Kim et al. 2013)These results

also suggest that negativegyrmaptoms not only affect later cognitive pressing but early
cognitive processing in MPD. PANSS positive symptom score negatively correlated with the
right parietal N170 amplitude within BPD. The N170 amplitude, as mentioned previously,
has been found tonicrease with attentional based dysconnedgvin BPD(Kraguljac et al.
2016) Lastly,the clinical global impression scalegatively correlated with the right frontal

P100 latency in MPD. Thesesults support the idea suggesting deficit in early visual

processingvithin BPD and MP[Earls et al. 2016; Campanella et al. 2006)

The global assessment of functioning scale positively correlated lefthand rightN170
ampltude, which supports the findings in RD with respect to the PANSS correlations,
where symptom severity is related to deficitsearly visuaprocessing and early cognitive

processing.

Psychotic symptom severity was related to wave components of tatgetlsis. For the
PANSSPANSS negativi&mptom score correlated positively with the right parietal P300
amplitude in MPD. Negative symptoms have been shown to influence cognitive deficits
(Trotman et al. 2013)PANSS general psychopathology score negatively correlated with the
right parietal P150 latency in SCZ. As seen during the cueing ERP wave components group
difference and relationshgp with symptom severity strongly relateto early cognitive
processes, includingarly visuaprocessing being specifically related to negative symptoms,
then later wave component P300 psychosis symptom relationships are restricted to MPD
group, suggestingymptom severity more strongly affecdPD orientating and cortical

updating.

The target stimulus wave components showed relationships wittodn related clinical
scales specifically scores from depression scalBse Hamilton depression rating scale
correlated positively wih the left and ight frontal P300 amplitude in MPD and then
negatively with theright parietal P300 amplitudéen SCZIt was previously found that
depressionwas associated with cognitive deficittRavnkilde et al. 2002)The Calgary

depression rating scale correlated positively with the right central N170 amplitude in BPD,
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and the left frontal P300 latency and negatively wilie left centralP100 latency in MPD.
These results indicate cognitive deficits can be related to nominal presentation of
depressive symptoms, more so in BPD compared to MPD, which may be due to BPD being a
mood disorder(Harvey 2011)An additional reléionship found forN170wave form,where

the global assessment of functioning s¢caleneasure of general symptom severity within
an affected individua{Aas 2011)was positively correlated witheft and right prefrontal
N170 latency in BPDIn a previous study, the global assessment of functioning scale
relationship with theN170suggested thakarly visual processing deficits were presé
patients wth SCZ4Ibafiez et al. 2012)n SCZ, recognition of the target was affected due to
cortical processing ding delayed in affected individua{Rehse et al. 2016From ou
results we carconclude that depressive symptoms in psychotic disorders are associated

with dysfunction in the prefrontal and frontal corticédoshino et al. 2005)

4.3 Eventrelated potential wave componedifferences bynedication

Medication was found to affect ERP wave components during the sustained visual attention
GFrale® C2NJ 0KS FTANBRO OdzS CD! Qa AYONBI &SR (K¢
and decreased the left parietal P100 amplituage SCZ only. Thaese of antipsychotics
increased the right parietal N70 and left central P100 amplitudes in BPD, specifically the
NAIKG LINSFNRYGLFE bwmtn FYLIEAGdzZRS 61 & AYyONBI
increased the left frontal P100 amplde in SCZ. Thegsesults suggest improved early
cognitive processing in SCZ and BPD with the use of antipsychotics. For the second cue,

{ D! Q&4 RSONBIFaSR (KS NARIKG LI NASGFE twmpn YL
amplitude was increased thi haloperidol ug, and FGA. The opposing results for the P150
amplitude in SCZ and MPD suggests that haloperidol improved symptom severity and
O23aYAGADS Fdzy OGA2yAy3 AYy aths5 odzi y2dad Ay {1
in BPD and sodium lmoate decreasedhe left prefrontal P300 latency. For the target
a0AYdz dza> { D! Qa4 RSONBIF&aSR (KS NRARIKG LI NARSO
YR AYONBFaSR GKS fSFd OSyunNtt tonn f1FG4G§Sy

improved visal processing iBPD but decreased attention.
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4.3.1First cue eventrelated potential wave component medication differences

For the first cueprescription ofantipsychotic medicatioincreased theright parietal N70
amplitude across the psychotic groups and within BPD.easgd N70 amplitude and
delayed latency was previously reporteda study conducted on patients diagnosed with
SCZArnfred et al. 2006)Another study involving a flashing pattern task, suggeste N70
relates to late processing and sensory fo¢8aintAmour et al. 2005)This suggestsarly
visual processing in SCZ and BPD is improvedawithsychotic medicatio use (Adams et

al. 2017)refer to section 1.8 Across psychotic groups theft central and left parietal P100
amplitude was also increased withe prescription of antipsychat medication andthe left
central finding was also found within BPD. Very f&tudies have focused on medication
effects on the P100 ERP waveforim attenuated P100 ERP waveform depicts deficits early
visual processingCampanella et al. 2006)Degdriele et al (2011) found the P100
amplitude is increased in BPD, during theegence of the target cue. However various
studies have used emotional cues (i.e. happy and sad faces) to determine differences in the
P100 ERP waveforfiarls et al. 2016)The datapresentedsuggess that the use of any
antipsychotic medication enhances eaxligual processingand this was more evident in
BPD(Table 48).

83



Table 4.8: Fird cue event related potential wave component medication
differences

All Psychotic Groups Schizophrenia Bipolar | disorder
n=76 n=27 n=28
32 females/44 males 11 females/16 males 12 females/16 males
Medication
First generation antipsychotics Y £t SFG OSydnNyt o Y £t SFG OSydNyt Y £t STG OSyidNX ¢
Y tSFhG OSyidNT ¢ v left parietal P100 amplitude
Y NR3IKG OSyidNT ¢
Y OESTFO LI NRSGLE
Y ONRIKG LI NRSGI €
Y NRIKG LI NRSGE
Second generation antipsychotics v left parietal P100 latency Y NAIKG LINBTFNRBY O

v left central P100 latency
Y NAIKG OSydNT ¢t
Y NAIKG LINBFNRBYGI
Mood stabilizers Y £t SFG LINBFNRY G
Anticholinergics Y £ SFG LINBFNRY G

any antipsychotic Y NRIKG LI NRSGI ¢ Y NRIKEG LI NASGI
Y tSFG LI NASOL ¢ Y £t STG OSyiNT ¢
Y tSFh OSydGNrt
Clozapine v right parietal N170 amplitude Y £ESTFhE OFNRBYyOGEE

Y £ STG LINBFNRY G

Risperidone Y NA IK{d LINBFNRY G
vright parietal N170 latency

Haloperidol Y £t SFG OSydNT ¢

Y NRIKG LI NRSGI

Y NRIKG FNRYGI

Y NRIKEG FNRYyGIF €

Y NRIKG LINBFNRY
v left central P300 latency

Lithium Y tSFhG LINBFNRYGI

Medication differences analysis was conducted on whether participants were "on" or "off" a specific medickitioreased amplitude/lengthened latency 4
decreased amplitude/reduced latency. Mann- Whitney U testing was applied. Significance P<0,05

t NBAONRLIIAZ2Y 2F CD! Qa F2NJ GKS LINBaSyidlrarazy
prescription of any antipsychotic medication however, both the left and right central and
parietal regionsreported differences ilamplitudes and latencies across @slychotic groups

YR SAGKAY {/ %d LYRADGARIZ f& LINSAONAROGSR CD! ¢
AYONBIFasS ¢gla Fftaz2 LWLl NBYyld o6AGKGKparie@/PWo | y R
amplitude across all groups, however within SCZ thie darietal P100 amplitude was

af AdKifte RSONBlFaSRo [lalfes CD! @nplitudeyl&iNBS I &S
central P100 latengyeft andright parietal P100 amplitudena right parietalP1® latency

across all psychotic groupBarchand Sheffield (2014 described various studies showing

deficits in cognitive performance as opposed to BPD and other depressive dis(Bdech

& Sheffield 2014)These df SNBSy OSa &ddzZa3Sad GKFG CcD! Qa | f
processing ding the cueing procesgGoff et al. 2011)Acrossl- f ANR dzLJQa KI f 2
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FGA, lengthened the latencies over right iptal N170, right frontal N170, right frontal
P300, right prefrontal P300, and the left central P100 and shortened the leftatePB00
latency. These findings in part contrast FGAsralN. Haloperidol was previous found to
reduce metabolism in the predntal and frontal cortexOranje et al. 2009)Suggesting
haloperidol use decreased cue prosiggy speedand slowed neuronal activity in the brain

may be the reasomwhy (Yael et al. 2013)

5dzNAy 3 (KS shotblddithe @ftiz8ntrdl 8nd @ftiparietal P100 latéesacross

Fff LlAeOK20GA O 3INEP dzhdiessed CrazNifihK Gntddl 2N >and {ripht Q &
prefrontal N170 amplitudeaaoss all groups, thethe right prefrontal N170 amplitude was
increased in BPD. & (i dzZReé O2y RdzOG SR 2y CD! Qa @OSNESA& {C
cognition (including attention)¢ KS dzaS 2F { D! Qa RSONBIaSR i
hemisphere indicating possible improvement in working memory and executive function

(Zhang et al. 2013; Bombaci 2016)

An SGA, clozapine, often prescribed to treat resistant psyclidsigder et al. 1991; Jibson
2015) decreased theight parietal N170 amplitudeand increased le left prefrontal N170
amplitude across alpsychoticgroups Further,the left frontal P100 amplitudén SCZ was
increased after clozapine us&ccording to previous studies conducted, SCZalttenuated
amplitudes in the parietal regiongohnson et al. 2005; Campanella et al. 2006; Earls et al.
2016) These findings suggest that there may be dysfunctional connectivity across the
parietal cortex resulting in cognitive impairment in SOZr results follow previoustudies
which showed earlyisual processingwhich affected later processing in parietal regions
after clozapine administrationn SCZMicoulaudFranchi et al. 2015; Campanella et al.
2006) An FGA, risperidone, increased the right prefrontal N170 amplitude and decreased
the right parietal N170 latency across all groups. Kraguljac et al, (2016) found increased
amplitude and latency across the frontparietal region to be a characteristic of executive
and attentional based dysconnectivit§ontradicting results were observed the present
studyindicating after risperidone usattention and processing speashhancedUmbricht

et al. 1999)

Mood stabilizers were associated with increased left prefrontal P30pliarde and then

the use oflithium, a mood stabilizershowed increased left prefrontal P300 amplitude
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across all groupsChun et al, (2003) conducted a study in SCZ and BPD and found the P300

latency was delayed in BPD and the amplitude in SCZ wassedréaur findings indicate

that mood stabilizers improved cognitive performance in BP&ich & Herbst 2000)

Lastly, anticholinergics prescribed to reduce extrapyramidal side effects, were found to
increase the left prefrontal N170 amplitude across the psychotic disorders. A study
conducted on the effects of anticholinergic use found that cognitive functionokga with
the use of angisychoticsacross psychotic disorder@®ehse et al. 2016)0ur findings
suggest that high dose antipsychotics should try to be avoided to reduce the need for
anticholinergics, and thereby reduce potential negative effects of chronic antipsychotic

medicationgRehse et al. 2016)

h @S NI f f FyGALIA@OK2GA0ax cCcD!'Qa I|yR { D! Qa
psychotic groups, and this was paunced in SCZ. It is evident that prescribed medication
for the management of psychotic symptoms can improve the processing of salient
information, this is particularly noted duringhe first cue of our sustained performance

task.

4.3.2Second cue eventelated potential wave component medication differences

When all antipsychotic medication was grouped no effects on the second cue ERP wave
coYLR2ySyita 6SNB F2dzyRI K28SOSNINGRIONA LIGKR Y {

increased the left prefrontal 30 latency across all groups, suggesting improved cue

f2FRAY3AI ADPSd | OGAQGIGAZ2Y 2F 42 NJ(leyca et\alS Y 2 NB

2008) The P150 has been related toogessing spatial information and a decrease in the
amplitude and latency can result in early visual processingcittefVan Der Lubbe &

Woestenburg 1997)Haloperidol, an FGAincreased the right parietal P150 amplitude
across groups, specifically in MPRurther haloperidol increased the right parietal P100
ampitude and decreased th&ft and rightcentral P300 latencycross all groupsThese

resultssuggest haloperidol impved cue processind. & ¢+ & F2dzy R 6 A (K
haloperidol improved early cognitive processing, and improved cortical updatingr ov

central brain areag¢Table 49).
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Table 49: Second cue eventrelated potential wave component medication

differences

All Psychotic Groups
n=76

32 females/44 males

Schizophrenia
n=27

11 females/16 males

Bipolar | disorder
n=28

12 females/16 males

Methamphetamine induced psychosis

n=21

9 females/12 males

Medication

First generation antipsychotics
Second generation antipsychotics

Mood stabilizers

Anticholinergics

~left prefrontal P300 latency
v right parietal P150 amplitude

~left parietal P300 latency
vright prefrontal N170 latency
~left prefrontal N170 amplitude

v right parietal P150 amplitude

~left parietal P300 latency

Clozapine ~right frontal P100 amplitude
~right frontal N170 amplitude
~left prefrontal N170 amplitude
~left prefrontal P300 amplitude
Risperidone ~right central P300 latency
Haloperidol ~right parietal P100 amplitude ~right parietal P150 amplitude

~right parietal P150 amplitude
v left central P300 latency
v right central P300 latency

~right parietal N70 latency v left prefrontal P300 latency

Sodium valproate
~left prefrontal P300 latency

Medication differences analysis was conducted on whether participants were "on" or "off" a specific medicéitioreased amplitude/lengthened latency dlecreased amplitude/reduced latency. Mann-
Whitney U testing was applied. Significance P<0,05

¢ KS { D! Q& A ydorhsS hlliaghips dn& S €
within BPD. The right parietallBO amplitude was decrease@cross all groups, more $o

{/ % gAGK GKS dzaS 2F { D! Qaz: agdeBrafedin’SCAovei K I

LINBAONRLIGARZ2Y 27

parietal cortices while delad cortical updating in BPI3 overthe parietal corticegLencer

et al. 2008) The use of clozapinen&GA, increased the right frontal P100 amplitude, left
prefrontal and right frontal N170 amplitude, left prefrontal P300 amplitugleross all
groups. An increase in electrical brain activity after clozapine use has previously been noted
by Purkayastha etla(2012). Our data supports this as increased amplitudes are reflective
of increaseor stronger activation of neural circuitry that is rettad for a cognitive task

The use of risperidone, alsoa &GA, increased the right central P300 latency across all
groups suggesting a delay in the activation of P300 neural circuitry activaligmrevious
study found P300 amplitude to decrease witlpasidone in SCZ and related this to reduced
ability to cortically update task information. They did not report &edence in P300
latency(Nieman et al2002) Further study is needed as this study is the first to interrogate
the role of medications during the sustad attentional cueing. Antipsychotic medication
possibly helped in the processing of the second cue by activating working memory in
preparaion of the target stimulus and this was more strongly supported in(8@X et al.

2014)
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During the second cue mod stabilizers decreased the right prefrontal 1latencyacross
the psychotic disordersAcross all groupsoslium valproate, used as a mood stabilizer,
increased the right parietal N70 kxicy and the left prefrontal P300 latenayhile the left
prefrontal P300 latency was decreased in BFbe decreas in latency ndicates that
attentional processing wasfficiently processedby the use of mood stabilize(slileman et

al. 2011) Then prescription of risperidone and sodium valprodtereasedthe latency of
the P300 causing a delayadortical updating and this may potentially be related to reduced
assessmenin predicting a target stimuliLencer et al. 2008 Dverall, mood stabilizers @
been shown to decrease mania in BPD but also enhances executive function and emotional
control (Altinay et al. 2018)These data suggest that in BPD the impact of emotional
interference is reducg by administration of mood stabilizerd.astly, aticholinergics
increased the left prefrontal N170 amplitudecross the psychotic disorders. This result
follows from previous studies showing reductions in working men{@hou et al. 2011;
Kocsis et al. 2014)

h @S NI f f 'y iA LA @ OK 2 ingrdved Sthe CuRihgQ grocessyidk acrgs® th@a A
psychotic groupsas shown from the first cud=rom these resultst iis evident thatcue
processingwas enhanced byrescribng medication for the management of psychotic

symptoms
4.3.3Target stimulus eventelated potential wave component medication differences

Antipsychotic medications and mood stabilizers were related to wave components of the
target stimulus, these relationsps were evident across the psychotic groups and within

BPD. The only FGA which showed relationships with target ERP wave components was
haloperidol. Haloperidol increased the right parietal P100 and right prefrontal P150
amplitude and decreased the left B@ latency across all groups. As noted previously,
increased amplitude in early ERP waveforms shows haloperidol improving cortical updating
FYR 62NJAYy3 YSY2NER® CANIKSNE (KS&asS NBadzZ Ga
decreased the right parietd&100 amplitude and left and right parietal P150 amplitude of all
IANRdzLJAE YR GAGKAY .t5® {D!Qa Ifta2 AYyONXBI a
right central P300 latencyas noted across all groups, however only tb# tentral P300

latency wa decreased in BPD. Very few studies were found with the link between
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antipsychotic medication and the effects on ERP wave components in BPD, further research
is neededTable 410)

Table 410: Target stimulus event related potential wave component
medication differences

All Psychotic Groups Bipolar | disorder
n=76 n=28
32 females/44 males 12 females/16 males
Medication
Second generation antipsychotics v right parietal P100 amplitude v right parietal P100 amplitude
v left parietal P150 amplitude v left parietal P150 amplitude
v right parietal P150 amplitude v right parietal P150 amplitude
~left parietal P300 latency ~left central P300 latency
~left central P300 latency ~left central P300 latency
~left central P300 latency
~right central P300 latency
Clozapine v left parietal N70 amplitude
v left parietal P100 amplitude
~right prefrontal N170 amplitude
~right frontal N170 amplitude
Risperidone ~eft central P300 latency
~right central P300 latency
~left parietal P300 latency
Haloperidol ~right parietal P100 amplitude
Aright parietal P150 amplitude
v left central P300 latency
Lithium ~eft central N170 latency M left central N170 latency
~left parietal N170 latency
Sodium valproate v left central P100 latency

~left prefrontal P300 latency
Medication differences analysis was conducted on whether participants were "on" or "off" a specific medichation
increased amplitude/lengthened latencydecreased amplitude/reduced latency. Mann- Whitney U testing was appl
Sianificance P<0.05

Clozapine, an FGA, decreased the left parietal N70 and P100 amplitude across all groups.
These results indicate that early visual processing is altered with the use of clozapine.
However, increases in the hgprefrontal N170 and fronfaN170 amplitude were evident,
indicating that there is potential improvement iattention- dependent information
processingand reduced interference of emotion after clozapine (Senbricht et al. 1998)
Then,risperidone, an SGA, increased the left parietal P300 latency and both the left and

right central P300 latency in all psychotic groups. Risperidone delayed information
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processing as shown by increased latencies. Our resuttgasb with previous studies

showing decreased latencies after risperidone (Idmbricht etal. 1999)

A mood stabilize lithium, increased the left central N170 latency across all groups and
within BPD, and left parietal N170 latency was increased across groups. Importantly, lithium
was primarily prescribed to BPD (see table 4.14). Previoushyas been reported that
lithium use enhances the N170 ERP waveform in BPD resulting in dysfunction to the
cognitive networkgllhan Atagin et al. 20157 herefore lithium should only be prescribed

in emergency case®If psychotic episodes and not as a daily maintenance regirthen
sodium valproate, also mood stabilizer, increased the left prefrontal P300 latency and
shortened the left central P100 latency. It mportant to note that subtle changes by a
slight decreae in amplitude or increase in latency were found to differ across the scalp
from posterior to anterior, further research is needed to fully appreciate the effects of

these mood stabilizers in cogniéiyprocessing.

Overall, information processing was inoped after haloperidol and sodium valproate use
for the target. It was also found that clozapine, risperidone and lithium resulted in reduced

information processing and reduced emotion interference.
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Chapter 5 Conclusion

The aim of this study was to deteame whether there are specific group differences
between CONand three psychotic disordersSCZ, MPD and BPIhen to determine
differences between these psychotic disordeihis included differencesm behavioural
performance and prominent electrophysomical event related potential (ERP) wave
components during cueing and target processing of a visual sustained attention task.
Furtherwe aimedto characterizeERP waveform componerglationshipsaaoss and within
these groups fodemographis, drug use behavioural performangeandclinical variables

the last limited to the psychotic groupgastly we investigated the effects of prescribed

medicatiors on ERP wave components within the psychotcigs.

Behaviourally, performance of the CPT task, S€fongmed poorer than the other groups.
SCZ is known to have cognitive deficits compared to Q@itsuka et al. 2013)The
increased amplitudes and lengthened latencies in SCZ inditiaé¢ cueing and processing
of sustained attention is different in SCZ when compared with CON. The laiffecérite

in BPD and MPD compared with CON suiggébsit cueing and processing of the sustained

attentional task applied in this study are not affected

Substance use was shown towed cogniton in CON and SC#js includes attentional
processing and lding of working memory usé 5 Q{ 2dzi I SG Ff® HAMHT
Thames et al. 2014)e.g. slowed P300 and reduce P300 latedcy Qf 2dzl I Sid £
Furthermore, across psychotic groups symptom severity was shown to negatively affect
cognitive performanceThere is limited data reporting on early cognitive processing ERP
waveforms, and furthertsidy is required to fully elucidate the relationships found with

total substance use during the cueing process

Also, an outcome of the study showed that SCZ, MPD and BPD differentiated by medication
as well. This research is important in understanding thdverse effects antipsychotic
medications can have on an individual, and to further help the patient manage their disease
better. The results of our study help in understanding behavioural and electrophysiological
event related differences across SCZDBind MPD. Further studies looking into specific
electrophysiological differences in MPD with comparison to SCZ is warranted. The inclusion

of other biological markers, e.g. genetics and newmonunology of SCZ and MPD may
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provide the missing links to undganding the deficits and differences in the ERP wave
components. These studies will support elucidating what underlies dysfunctional neural

networks identified in SCZ and MPD cortical functioning.

Several limitatios are apparent in the current studyFirst, the number of individuals
recruited for the study could have been more case matched. However, despite the low
MPD numbers, significant differences were still found. This indicates that inclusion of more

MPDindividuals could have made the results stgmm.

Using the information obtained in the present study, further research can be conducted to
develop a panel of electrophysiological and neuroimmune markers for each of the
psychotic disordergUpthegrove et al2014; Dimitrov et al. 2014Dimitrov et al, (2014)
explained that 6 is increased in individuals who are at risk in developing psychosis.
Similarly, Upthegrove et al, (2014) found increased inflammatory markers in individuals
with SCZ. The discovery of specific neuroimmune markers alongvith the
electrophysiological markers can be useful for diagnostic and treatment of the specific
psychotic disorders. Furthermore, it was found that antipsychotic medication can influence
the cytokine levels within amdividual (Drzyzga et aR006) By conducting studies on the
medication used for each psychotic disorder, relationships between medication use and
EEG frequency and ERPs can be conducted in MPD as very few information is available.
Lastly, anetanalysis can be conducted in SCd BPD, comparing neuroimmune markers,
EEG frequency, ERP waveforms. As noted in the current study, the metanalysis will be

informative as to the differences underlying the two disorders.

There is currently a lack dtdrature which has investigated the eing process via the use

of ERP waveformsthis is apparent in CON and within each of the psychotic disorders
investigated. Our findings show that there are prominent differences in early cueing and
target ERP wavefors which are unique to specific psyclwtlisorders. Relationships with
demographics and clinical variables, including medication, do influence these early cueing
and target ERP waveformshe results presented show that further ERP studiessorely
neeced to address these differences andatbnships found, to distinguistifferencesin
cognitive processing which may serve to provide a clearer understanding to whichl

circuitry is uniquelydysfunctionalin each of these psychotic disordefihis stidy provides
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new insights to early prassing deficitsduring the cueing and processing of a visual
sustained attention task in the psychotic disorders and addresses the effects of medication

through ERP wave component analysis.
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Appendices

Appendix AParticipant information sheet and consent form

The participant was supplied with an information sheet containing details of the research
study and the tests they will undergo. A consent form was asked to be filled in and signed if

the participant was wilhg to partake in the research study.

Cortical inhiltion and attentional modulation a study of psychosis
University of Cape Town Human Ethics reference number: 192/2010
Patrticipant information sheet

Attention is when you are able to focus imfiormation. Like when you think of what you are going to wear,
ySSRa | tS@St 2F GGSyGAzyd ' LISNER2Y YI& FAYR (KAaA
pay attention. This is only one example, but applies to feelings as welll ybikeare worried about something,

you cannot pay attention tgomething that may really need your attention. The ability to pay attention is
different for everyone and may be more difficult for some.

The present study is not clinical. This study wdkkltob understand how interfering or too many thoughts
loweram NE2Yy Qa FoAfAdGeE G2 LI & FidSyldAaz2yd ¢KA& oAff 0SS
record electrical activity (electroencephalography), the level of brain chemicals (magestinance
spectroscopy, MRS), and changes in electrical tgc{pliectroencephalography with transcranial magnetic
stimulation).

Recruitment into the present study will occur through referral from a medical practitioner who is informed as

to your psychatric illness. Participants without a history of psychosisalgitt be recruited as controls to

compare findings. The control participants will be interviewed by a psychiatrist to determine inclusion (can
participate). The controls will not undergo thadbrepetitive transcranial magnetic stimulation (brTMS) but

wilf KFZS | WwFF1SQ GNBFGYSYyd NBFSNNBR (G2 la aKFY ¢a{

Basic exclusion (cannot participate) criteria for the present study are as follows. Individuals who: are under the

age of 18, or dler than 40; have a history of, or have filsgree relativesféther, mother, brothers and/or

sisters) with a history of, epilepsy or seizures; have a history of stroke or brain aneurism; have a chronic medical
O2YyRAGAZ2Y I AyOf dzRAdgy/d Aty ANIR V&2 yOKR NBA &S ['Yd& i AlLXa& a Of SN
devices, implanted medication pumps, intracardial lines, or cardiac disease; have apparent mental retardation;
have a history of treatment with TMS therapy; have extensive tattoos orfdbejror have orthodontic braces,

will not be included in the stly. Woman who are known or suspected to be pregnant or who are breast
feeding will also be excluded from the studach participant will be checked off against a set of criterion from

the TMS adult safety screen (Keel et al., 2000) by the researslodveéd, and a magnetic resonance imaging

(MRI) safety screen by a radiographer at the Guvégersity Brain Imaging Centre (CUBIC).

Individuals who are suitable and willing to participatéhie present study will need to be available for one
working dg from 08h30 to 17h30. Each participant will receive shopping vouchers for food to the value of
R200, and will receive R50 toward travel expenses. Lunch will be provided on the day ddtjanrticip

Each participant is free to withdraw from the presenidstat any time. This study is for research purposes only

FYR A& y2G FdzyRSR o6& | LK NI OSdzi A OF ¢ ORNHAOG O2YLJ
participant will be assignedparticipant number on the day of the recording session.
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If you have any questions with respect to the present study do not hesitate to contact the principal
investigator, Dr Fleur Howellsfl@ur.howells@uat.ac.za

If you would like to participate in the present stydgase contact us through any of the following:

Email:participant. CIAM@gmail.cqr@ell number: 082 749 5223, Landline number: 021 404 5488

Please see the next page for further information of the braigingamodalities that will be used in the present
study.
Additional information for participant:

Magnetic Resonance ImagifidRI) is a form

of medical imaging that needs you lie on a
scannerbed and be placed into a short
tunnel (open at both ends) in énwith a
strong magnetic field (Fig 1). A device is
placed over your head with a mirror system
attached (Fig 2). You can relax during the
scanning session by watching a movie or
taking a napput you do need to keep as

still as possiblerig 1 Fig 2

The magnetic field attracts (pulls) metal objects. Therefore an MRI safety checklist is required to prevent
cancellation of the scan once scheduled. These precautions are for yayrasaleto ensure optimal image

data. Prior to entering the scanam the Radiographer will go through a checklist to ensure your safety. There
are no known side effects of undergoing an MRI if you are seen as suitable by a Radiographer.

In addition, shald you pass the first checkpoint, we will ask that you remdweedhl objects for the period of
scanning: no jewelry, watches, metal piercing (this includes all forms of piercing), pens, coins, cell phones etc.
lockable change rooms and hospital gowiils lve available, but we suggest you wear more suitable clothing
such as a-shirt & track pants that are preferably not nylon (with no zips, buckles etc). Any clothing that
contains metal wire, buttons, and zips will need to be removed.

Once the scan ecomences you will hear a continuous loud noise for the duratidgheofequence and each
sequence lasts about® minutes each. Each of the sequences will make a different set of noises. You will be
provided with earplugs and headphones to protect your & this noise. You will be under constant
supervision verballgnd visually for the duration of the entire scan (+ 1hour in total).

The MRI scanning will be done at the Gkdsiversity Brain Imaging Centre (CUBIC), Tygerberg hospital. You
(the partigpant) will be transported to Tygerberg and back by a reseasttas.

Transmagnetic cranial stimulatigiiMS), works by placing a magnet next to the brain

(over the scalp). When the magnetic coil is charged it changes the electrical activity

of the surface area of the brain that is targeted. After one pulse filenmagnetic

O2Af GKS ONIAY |NBI Aa ONRSFie Ayl OGAGS
inhibit activity (cortical inhibition). This inhibition of activity is decreased in
individuals with a history of psychosis. All participants with andowita history of
psychosis will undergo the cortical inhibition protocol.

Brief repetitive transmagnetic cranial stimulatismTMS) is used to increase communication between neurons.

In doing this, we aim to improve attentional information processmi@MS has been associated with brief
headaches, which is as a result of nerves and muscles on the scalp. In addition the participant may show
symptoms of temporary mania or depression, bus ik very very rare. Only the participants with a history of
psychosis will have brTMS as we would like to see whether we can improve their attention. The TMS machine
makes a clicking noise, but not as loud at the MRI scanner. Earplugs will be povatkde the noise. The

results from this study are for reseangtrposes only and not a form of therapy.
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During the cortical inhibition protocol and the brTMS continuous
electroencephalographic (EEG) data will be collected. EEG records brain wave
activty by placement of an electrode cap (similar to a swimming tep)récords

St SOGNROLE FOGAGAGE FTNRY GKS a0l fL® ¢KS
of attention with breaks between the different protocols.

The EEG, cortical inhibition amdTMS will take place in the EEG suite of the
educational centeat Valkenberg Hospital, Observatory.
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Participant Name Participant Number

Cortical inhibition and attentionatodulation a study of psychosis
University of Cape Town Human Ethics referencdau 192/2010

CONSENT FORM
| voluntarily agree to participate in the present study: Cortical inhibition and attentional modulation a study of
psychosis, which includes magne resonance imaging (MRI), cortical inhibition protocol through
transmagnetic @nial stimulation (TMS) pulses, and electroencephalography (EEG).
YES NO

In addition | voluntarily agree to undergo brief repetitive transmagnetic cranial stimulation $pRdM
research purposes only. (Only participants with a history of psychosis.)

YES NO

| am aware that brief repetitive transmagnetic cranial stimulation (brTMS) may lead to a brief headache as a
result of stimulating nerves and muscles on the scalpaarsiifortterm symptoms of mania or depression.

YES NO
I have beeninfornk 2F G(KS LINRPOSRdzZNBa FyR KIFE@S | 021l 2F (KS :
YES NO
| have been allowed the opportunity to ask questions that relate to the present andl they have been
answered (else please ask these questions of the resedrefme you sign this consent form).
YES NO
L XXXXXXXXXXXXXXXXXXXXXXXXDOXXXDPD ot NIAOALI yiGQa ¥Fd
present study and am aware that at any point | may stop participating in the present study. If | stop
participatingthere will be no impact (effect) on my curtear future medical treatment.
t FNIAOALN yiQa aA3yl GdzNBY XX XDAY KMOKNKXHI XBAR X X X X

tFNIAOALI yiQa SYFAT yRk2NJ O2y il Ot ydz¥o SNY XXXXXXXX)

L XXXXXXXXXXXXXXXXXXXXXX Xaing) hd® goSe tindighStieXzanset datnt and
answered any questions that the participant has asked

wSaSk NDKSNDRE &A Tyl dzNB X MateX XDAX XNMOKXH X BAR X

97



Appendix BEthical clearance

Ethical clearanceatument for theconducting of the study was approved by the Human
research ethical council (HREC/192).

UNIVERSITY OF CAPE TOWN

g Health Sciences Faculty
Research Ethics Committee

Room E52-24 Groote Schuur Hospital Old Main Building

Observatory 7925

Telephone [021] 406 6626 ® Facsimile [021] 406 6411

e-mail: shuretta.thomas@uct.ac.za

22 June 2010
HREC REF: 192/2010

Dt F Howells

Psychiatry & Mental Health
4.10 Anatomy Building
Dear Dr Howells

PROJECT TITLE: CORTICAL INHIBITION AND ATTENTIONAL MODULATION A STUDY
OF PSYCHOSIS.

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics Committee
for review.

Itis a pleasure to inform you that the Ethics Committee has formally approved the above-mentioned study.
Approval is granted for one year till the 30" June 2011.

Please submit an annual progress report if the research continues beyond the expiry date. Please submit a brief
summary of findings if you complete the study within the approval petiod so that we can close our file.

We note that the transport issue will be further addressed at a departmental level.

Please note that the ongoing ethical conduct of the study remains the responsibility of the principal
investigator.

Please quote the REC. REF in all your cotrespondence.

Yours sincerely

PROFESSOR M BLOCKMAN
: CHAIRPERSON, HSF HUMAN ETHICS
f Federal Wide Assurance Number: FWA00001637.

S Thomas
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Appendix CClinical scales

C 1. PANSS questionnaire

Positive and negative syndrome scale (PANSS) - Rating Form

Kay SR, Opler LA, Lindenmayer J-P (1988). Reliability and validity of the positive and negative syndrome scale for schizophrenics. Psychiatry research, 23:99-110

Instructions: Circle the appropriate rating for each dimension following the specified clinical interview. Refer to the rating manual for item definitions, description of anchoring points, and scoring procedure

Moderate Moderate
Absent [ Minimal Mild Moderate| severe | Severe | Extreme Absent [ Minimal Mild __|Moderate| severe | Severe | Extreme
Positive scale General psychopathology scale
P1 Delusions 1 2 3 4 5 6 7 G1 Somatic concern 1 2 3 4 5 6 7
P2 Conceptual disorganization 1 2 3 4 5 6 7 G2 Anxiety 1 2 3 4 5 6 7
P3 Hallucinatory behaviour 1 2 3 4 5 6 7 G3 Guilt feelings 1 2 3 4 5 6 7
P4 Excitement 1 2 3 4 5 6 7 G4 Tension 1 2 3 4 5 6 7
P5 Grandiosity 1 2 3 4 5 6 7 G5 Mannerisms & posturing 1 2 3 4 5 6 7
P6 Suspiciousness 1 2 3 4 5 6 7 G6 Depression 1 2 3 4 5 6 7
P7 Hostility 1 2 3 4 5 6 7 G7 Motor retardation 1 2 3 4 5 6 7
Negative scale G8 Uncooperativeness 1 2 3 4 5 6 7
N1 Blunted effect 1 2 3 4 5 6 7 G9 Unusual thought content 1 2 3 4 5 6 7
N2 Emotional withdrawal 1 2 3 4 5 6 7 G10 Disorientation 1 2 3 4 5 6 7
N3 Poor rapport 1 2 3 4 5 6 7 G11 Poor attention 1 2 3 4 5 6 7
N4 Passive/apathetic social withdrawal 1 2 3 4 5 6 7 G12 Lack of judgment & insight 1 2 3 4 5 6 7
N5 Difficulty in abstract thinking 1 2 3 4 5 6 7 G13 Disturbance of volition 1 2 3 4 5 6 7
N6 Lack of spontaneity & flow of conve 1 2 3 4 5 6 7 G14 Poor impulse control 1 2 3 4 5 6 7
N7 Stereotyped thinking 1 2 3 4 5 6 7 G15 Preoccupation 1 2 3 4 5 6 7
G16 Active social avoidance 1 2 3 4 5 6 7

Scale Total Percentile]Range

Positive scale

Negative scale

General psychopathology

Number of symptoms rated > 3: Positive Negative

Typological classification

Participant number Date of completion
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C

2. Calgary depression rating scale

Calgary depression rating scale

Addington D, Addington J, Maticka-Tyndale E, Joyce J (1992). Reliability and validity of a depression rating scale for schizophrenics. Schizophrenia Research, 6:201-208

Interviewer: Ask the first question as written. Use follow up probes or qualifiers at your discretion. Time frame refers to last 2 weeks unless stipulated. N.B. the last item, #9, is based on observations of the entire review

1
Ho!

Depression
w would you describe your mood over the last 2 weeks: Do you kee|

reasonably cheerful or have you been very depressed or low spirited
recently? In the last 2 weeks how often have you (own words) every

4 Guilty ideas of reference

7 Early wakening

Do you have the feeling that you are being blamed for something or even wrongDo you wake earlier in the morning than is normal for you? How many times doe:
accused? What about? (Do not include justifiable blame or accusation. Excludgthis happen?

delusions of guilt.)

day? All day?
0 |Absent 0 [Absent 0 [Absent  |No early wakening.
1 |Mild Expresses some sadness or discouragement on 1 |Mild Subject feels blamed but not accused less than 50% of the time | 1 |Mild Occassionally wakes (up to twice weekly) 1 h or more before
questioning normal time to wake or alarm time.
2 [Moderate|Distinct depressed mood persisting up to half the time 2 |Moderate | Persisting sense of being blamed, and/or occasional sense of beil 2 |Moderate |Often wakes early (up to five times weekly) 1 h or more before

over last 2 weeks; present daily

w

acused.

Severe |Markedly depressed mood persisitng daily over half the
time interfering with normal motor and social functioning

normal time to wake or alarm.

3 [Severe |Persitent sense of being accused. When challenged acknowledgq 3 [Severe  |Daily wakes 1 h or more before normal time.

that it is not so

2
Ho!
life

Hopeless ness
w do you see the future for youself? Can you see any future? - or hg|
seemed quite hopeless? Have you given up or does there still seem

some reason for trying?

0

5 Pathological guilt

8 Suicide

Do you tend to blame youself for little things you may have done in the past? D|Have you felt that life wasn't worth living? Did you ever feel like ending it all? Wh4

you think you deserve to be so concerned about this?

Absent

[

0 [Absent

Mild Has at times felt hopeless over the last week but still has
some degree of hope for the future

N

1 |Mild Subject sometimes feels over guilty about some minor peccadilld 1 |Mild

but less than 50% of time

Moderate|Persistent, moderate sense of hopelessness over last
week. Can be persuaded to acknowledge possibility of

thinne hainn hattar

w

did you think you might do? Did you actually try?

o

Absent

Frequent thoughts of being better off dead, or occcasional thought:
of suicide

2 [Moderate | Subject usually (over 50% of time) feels guilty about past actions| 2 [Moderate |Deliberately considered suicide with a plan, but made no attempt.

the significance of which s/he exaggerates

Severe [Persisting and distressing sense of hopelessness

3 |Severe |Subject usually feels s/he is to blame for everything that has gond 3 |Severe Suicidal attempt apparently designed to end in death (i.e., accident

wrong, even when not his/her fault

discovery or inefficient means).

3

Self depreciation

What is your opinion of yourself compared to other people? Do you fee
better or not as good or about the same as most? Do you feel inferior o
even worthless?

6 Morning depression

When you have felt depressed over the last 2 weeks have you noticed the

depression being worse at any particular time of day?

0 [Absent [No depression

1 |Mild Depression present but no diurnal variation

0 |Absent

1 [mild Some inferiority; not amounting to feeling of
worthlessness.

2 |Moderate|Subject feels worthless, but less than 50% of the time

w

2 [Moderate | Depression spontaneously mentioned to be worse in the a.m.

Severe |[Subject feels worthless more than 50% of the time. May
challenged to acknowledge otherwise

3 |Severe |Depression markedly worse in a.m., with impared functioning

which improves in p.m.

9 Observed depression

Based on interviewer's observations during the entire interview. The question 'D
you feel like crying?' used at appropriate points in the interview may elicit
information useful to this observation

0 [Absent

1|Mild Subject appears sad and mournful even during parts of the
interview involving affectively neutral discussion

2 |Moderate |Subject appears sad and mournful throughout the interview, with

gloomy monotonous voice and is tearful or close to tears at times

w

Severe Subject chokes on distressing topics, frequently sighs deeply and
cries openly, or is persistently in a state of frozen misery

Participant number

Date of completion
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C 3. Hamilton depression rating scale

HAMILTON DEPRESSION RATING SCALE (HAM -D)

(HAM)
Participant number ...........ccccoeeiiiiiiiiiennnnn. Date of Completion ........ccccvvvvvviiviiviinnnnnn

TICK APPROPRIATE BOX FOR EACH ITEM

1. Depressed mood
This item covers both the verbal and theverbal communication of sadness, degsion, despondency, helplessness and hopelessness.

WHAT HAS YOUR MOOD BEEN LIKE IN THE LAST WEEK?

0 - Neutral mood. I

17 When it is doubtful whether the patient is more despondent or sad than usual. E.g. the patient vaguely indicates tefressedetidan usual. I

21 When the patient more clearly is concerned with unpleasant experiences, although hetsiillishelplessness or hopelessness.

31 The patient shows clear naerbal signs of depression and/or is at times overpowered by helplessness or hegselessn

4iThe patientods remar k on de svwerbahomes dornite therinderviawein whichethe patientscannobbre digtraceed. n o n I

2. Seltdepreciation and guilt feelings
This item covers the lowered se@§teem with guilt feelings.

DO YOU FEEL YOU ARE LETTING PEOPLE DOWN?

07 No seltdepreciation or guilt feelings I

17 Doubtful whether guilt feelings are present, because the patient is only concerned with the fact that he during theeasthakibeen a burden to the family or colleagues due to redud I
capacity.

271 Self-depreciation or guilt felings are more clearly present because the patient is concerned with incidents in the past prior to the actual eflisopatiEhgreproaches himself small omissiq
failures, not to have done his duty or to have leahothers.

—

31 The patiat suffers from more severe guilt feelings. He may express that he feels that the actual suffering is some sort of atpSeizien&as long as the patient intellectually can see
view is unfounded.

—_—

471 The guilt feelings are firmly mainitged and resist any counterargument, so that they have become paranoid ideas.

3. Suicidal impulses
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DO YOU FEEL LIFE IS NOT WORTH LIVING? HAVE YOU THOUGHT ABOUT TAKING YOUR OWN LIFE?

07 No suicidal impulses.

17 The patient feels that life i®ot worthwhile, but he expresses no wish to die.

21 The patient wishes to die, but has no plans of taking his own life.

31 Itis probable that the patient contemplates to commit suicide.

— | m— —] —

47 If during the days prior to the interview thetipat has tried to commit suicide or if the patient in the ward is under special observation due to suicidal risk.

—

4, Initial insomnia

HOW HAVE YOU BEEN SLEEPING IN THE LAST WEEK?

07 Absent

17 When the patient 1-2) out of the last 3 nightsas had to lie en bed for more than 30 minutes before falling asleep.

—| —(

271 When the patient all 3 nights has been in bed for more than 30 minutes before falling asleep.

—

6. Delayed insomnia = Premature awakening
The patient wakes up before pladr®y himself or his surroundings.

DO YOU WAKE UP EARLIER THAN YOU INTEND TO?

01 Absent

17 Less than 1 hour (and may fall asleep again).

271 Constantlyi or more than 1 hour too early.

7
7
7

7. Work and interests

This item includes both workarried out and motivation. Note, however, that the assessment of tiredness and fatigue in their physical manifestdtidad is item 13 (general somatic symptoms)

item 23 (tiredness and pain).
A. Atfirst rating of the patient

ARE YOU HAVING DIFFICULTIES AT WORK? HAVE YOU BEEN PRODUCTIVE AT WORK?

07 Normal work activity.

—
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17 When the patient expresses insufficiency due to lack of motivation, and/or trouble in carrying out the usual worklo#tk whiEnt, however, manages to do without reduction.

—_—

21 More pronounced insufficiency due to lack of motivation/antrowble in carrying out the usual work. Here the patient has reduced work capacity, cannot keep normal speed, copes Wi
in the home; the patient may stay home some days or may try to leave early.

—_—

31 When the patient has been slited, or if the patient has been hospitalized (asaddiyities).

47 When the patient is fully hospitalized and generally unoccupied without participation in the ward activities.

B. At weekly ratings

07 Normal work activity. a) The patient §aesumed work at his/her normal activity level. b) When the patient will have no trouble to resume normal work.

~

1 a) The patient is working, but at a reduced activity level, either due to lack of motivation or due to difficulties in theliabomert of his normal work. b) The patient is not working and it is still do

that he can resume his normal work withoufidifities.

21 The patient is working, but at a clearly reduced level, either due to episodesatteratance or due to reducedriwtime. The patient is still hospitalized or sigted, participates more than
hours per days in ward (or home)iaittes, but is only capable to resume normal work at a reduced level. If hospitalized the patient is able to chandgestayro flsypatient status.

—

31 When the patient has been sldted, or if the patient has been hospitalized (asatdiyities).

47 When the patient is fully hospitalized and generally unoccupied without participation in the ward activities.

8. Retardation (general)

OBSERVATION

07 Normal verbal activity, normal motor activity with adequate facial expression.

17 Conversational speed doubtfully or slightly reduced and facial expression doubtfully or slightly stiffened (retarded).

21 Conversational speed clearly reduced with intermissions; reduced gestures and slow pace.

31 The interview is clearly prolonged due to long latencies and brief answers; all movements were slow.

471 The interview cannot be completed, retardaapproaches (and includes) stupor.

9. Agitation




OBSERVATION

07 Normal motor activity with adequate facial expression. T
17 Doubtful or slight agitation. E.g. tendency to changing position in chair or at times scratching his head. T
21 Fidgeting; wringing hands, changing position in chair again and again. Restless in ward, with some pacing. T
31 Patient cannot stay in chair during interview and/or much pacing in ward. T
4ilnterview has to be c¢onduspga@nd. Piliogoff tlothes, teatng lbis harAl most conti nuou T

10. Anxiety (psychic)This item includes tenseness, irritability, worry insecurity, fear and apprehension approaching overpowering dread. lemaydfe di f f i cul t t o d kperien
of anxiety (fipsychico or fcermtlraglidcadnxifigptey i pthhemamena)anxndcettyhenamhysestati ons, whpathi erg
on worry, insecurity, uncertainty,dn experi ences of dreadfulness i.e. the psychic (fAcentral o) anxiety.

ARE YOU WORRYING ABOUT THINGS MORE THAN USUAL?

7
07 The patient is neither more nor less insecure or irritable than usual. I

17 Itis doubtful whether the patient is more insecure or irritable than usual. I

21 The patient expresses more clearly to be in a state of anxiety, apprehension or irritability, which he may find dd@otioltdt is thus without influencen t he pati ent o
worrying is still about minor matters.

—

31 The anxiety or insecurity is at times more difficult to control, because the worrying is about major injuries or harmsigttiicscur in the future. E.g.: the agety may be experienced as p
i.e. overpowering dread. Has occasionally interfereti witt he pati ent 6s daily 1ife.

—

—

4iThe feeling of dreadfulness is present so often that it markedly interferes witHh

11. Anxiety (somdic) This item includes physiological concomitants of anxiety: All feeling states should be rated under item 10 and not here.

HAVE YOU GOT ANY PHYSICAL SYMPTOMS AT THE MOMENT? (If due to meds, are then symptoms not due to meds?)

—_—

07 When the patient iseither more nor less prone than usual to experience somatic concomitants of anxiety feeling states.

17 When the patient occasionally experiences slight manifestations like abdominal symptoms, sweating or trembling. Hodes@iptiom is vague and doubtful.
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27 When the patient from time to time experiences abdominal symptoms, sweatmdjrtgeeic. Symptoms and signs are clearly described, but are not marked or incapacitating, i.e. st T
influence on the patientos daily 1ife.

31 Physiological concomitants of anxious feeling states are marked and sometimes very worrying.dntee occasi onally with the patientds d3g I

4iThe feeling of dreadfulness is present Ifeo often that it markedly interferes witHh I

12. GastroIntestinal Symptoms may stem from the entire gasiriestinal tract. Drymouth, loss of appetite, and constipation are more common than abdominal cramps and pains. Must be distin
gastrei nt esti nal anxi ety sympt oms bopél maventeras) &nd dlse fsom nimilistic ideas (Isotb@vel amevissdo)y weeks or manths the intestines have withered awayj

should be rated under 15 (Hypochondriasis).

WHAT IS YOUR APPETITE LIKE?

07 No gastreintestinal complaints (or symptoms unchanged from before onset of depression). I
17 Eats without encouragement by staff, and food intake is about normal, but without relish (all dishes taste alike aesl aigaritiout flavour). Sometimes constipated. I
271 Food intake reduced, patient has to be urged to eat. As a rallly derstipated. Laxatives are often tried, but are of little help. I

13. General SomatidCentral is feelings of fatigue and exhaustion, loss of energy. But also diffuse muscular achings and pains in neciknbsck.gr imuscular headache.

HAVE YOU GOT ANY ACHES AND PAINS? WHAT IS YOUR ENERGY LEVEL LIKE?

07 The patient is neither moreor less tired or troubled by bodily discomfort than usual. I
17 Doubtful or very vague feelings of muscular fatigue or other somatic discomfort. I
21 Clearly or constantly tired and exhausted, and/or troubled by bodily discomforts, e.g. muscular headache. I

14. Sexual InterestsThis subject | often difficult to approach, especially with elderly patients. In males try to ask questions concerningesmawglation and drive, in females responsiveness (
engage in sexual activity and to obtain satisfaction in intercourse).

MEN: HAVE YOU BEEN THINKING ABOUT SEX MORE THAN USUAL? HAS YOUR SEX DRIVE CHANGED (INCREASED OR DECREASED) IN THE LAST WEEK?
WOMEN: HAS YOUR INTEREST IN SEX CHANGED IN THE LAST WEEK?

071 Not unusual.

17 Doubtful or mild reduction in sexual interest and enjoyment.

m— (| —| —(

21 Clear loss of sexual appetite often functional impotence in men and lack of arousal or plain disgust in women.
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15. Hypochondriasis
Preoccupation with bodily symptoms or @ions (in the absence of somatic disease).

OBSERVED

01 The patient pays no more interest than usual to the slight bodily sensations of every day life.

17 Slightly or doubtfully more occupied than usual with bodily symptoms and functions.

—

2iQui te worried about his physical health. The pat i enlhicalpregematicnses t houghts of or gar

—

31 The patient is convinced to suffer from a physical illness, which can explain all his symptaimsuimour, abdominal cancer, etc.), but the patient can for a brief while be reassured that
the case.

41 The preoccupation with bodily dysfunction has clearly reached paranoid dimensions. The hypochondriacal delusions oftdmillsticeqaality or guilt associations: to be rotting inside; in
eating the tissues; bowels blocked and withered away,othe at i ent s are being infected byardguheatatipraswiteutéfféics bad odour

—

16. Loss ofinsight
This item has, of course, only meaning if the observer is convinced that the patient at the interview stiéséssive state.

IF DEPRESSION SUSPECTED: HAVE YOU BEEN FEELING DEPRESSED?

07 The patient agrees to have depressive symptoms a finer vouso il |l ness.

17 The patient still agrees to being depressed, but feels this to be secondarylittessmelated conditions like malnutrition, climate, overwork.

27 Denies being ill at all. Delusional patients are by definition without insight. Enquiriess| d t her ef ore be directed to the patientos
other delusional symptoms should also besidered.

17. Weight lossTry to get objective information; if such is not available baservative in estimation.
A. At first interview this item covers the whole actual period of illness

HAS YOUR WEIGHT CHANGED NOTICEABLY IN THE LAST MONTH?

07 No weight loss.

17 1-2.5 kg weight loss.

21 Weight loss of 3 kg or more.

(| —(| —(

B. At weekly interviews

07 No weight loss.

—
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17 Y2 kg pr week.

271 1 kg or more per week.
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C 4. Young mania ratingcale

Young Mania Rating Scale (YMRS)
1. Elevated Mad 0 Absent
1 Mildly or possibly increased on questioning
2 Definite subjective elevation; optimistic, setinfident; cheerful; appropriate to content
3 Elevated; inappropriate to contentimorous
4 Euphoric; inappropriate laughter; singing

2. Increased Motor Activity -Energy 0 Absent
1 Subjectively increased
2 Animated; gestures increased
3 Excessive energy; hyperactive at times; restless (can be calmed)
4 Motor excitement; continuous hypetivity (cannot be calmed)

3. Sexual Interest 0 Normal; ndincreased
1 Mildly or possibly increased
2 Definite subjective increase on questioning
3 Spontaneous sexual content; elaborates on sexual matters; hypersexuaippgelf
4 Overt sexual@s (toward patients, staff, or interviewer)

4. Sleep 0 Repats no decrease in sleep
1 Sleeping less than normal amount by up to one hour
2 Sleeping less than normal by more than one hour
3 Reports decreased need for sleep
4 Denies need for sleep

5. Irritability 0 Absent
2 Subjectively increased
4 Irritable at imes during interview; recent episodes of anger or annoyance on ward
6 Frequently irritable during interview; short, curt throughout
8 Hostile, uncooperative; interview impossible

6. Speech (Rate and Amount) 0 No increase
2 Feels talkative
4 Increased rator amount at times, verbose at times
6 Push; consistently increased rate and amount; difficult to interrupt
8 Pressured; uninterruptible, continuous speech

7. LanguageThought Disorder 0 Absent
1 Circumstantial; mild distractibility; quick thoughts
2 Distractible, loses goal of thought; changes topics frequently; racing thoughts
3 Flight of ideas; tangentiality; difficult to follow; rhyming, echolalia
4 Incoherent; communication iragsible

8. Content 0 Normal
2 Questionable plans, new interests
4 Speial project(s); hypereligious
6 Grandiose or paranoid ideas; ideas of reference
8 Delusions; hallucinations

9. Disruptive-Aggressive Behavior 0 Absent, cooperative
2 Sarcastic; lod at times, guarded
4 Demanding; threats on ward
6 Threatens intervieweshouting; interview difficult
8 Assaultive; destructive; interview impossible

10. Appearance 0 Appropriate dress and grooming
1 Minimally unkempt
2 Poorly groomedmoderately disheveled; overdressed
3 Disheveled; partly clothed; garish malke
4 Competely unkempt; decorated; bizarre garb

11. Insight 0 Present; admits illness; agrees with need for treatment
1 Possibly ill
2 Admits behavior change, but denieselis
3 Admits possible change in behavior, but denies illness
4 Denies any behavior chge

Participant number éééééeéécélatéae éof. compl etion ééééééeeééeéeé
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C 5. Clinical global impression severity rating scale and global assessment of functioning

scale

Considering your total clinical experience with this particular population, how mentally ill is the patient at this time?

Clinical global impression severity scale (CGI-S)

Not assessed

Normal, not at all ill

Borderline mentally ill
Mildly ill

Moderately ill
Markedly ill

Severely ill

~N |O |O1 | W N [k O

Among the most extremely ill patients

Global Assessment of Functioning(GAF) scale (DSM - IV Axis V)

91-100 |Person has no problems OR has superior functioning in several areas OR is admired and sought after by others g
positive qualities

81-90 |Person has few or no symptoms. Good functioning in several areas. No more than "everyday" problems or conce

71-80 |Person has symptoms/problems, but they are temporary, expectable reactions to stressors. There is no more thar|
slight impairment in any area of psychological functioning.

61-70 |Mild symptoms in one area OR difficulty in one of the following: social, occupational, or school functioning. BUT,
person is generally functioning pretty well and has some meaningful interpersonal relationships.

51-60 |Moderate symptoms OR moderate difficulty in one of the following: social, occupational, or school functioning.

41-50  [Serious symptoms OR serious impairment in one of the following: social, occupational, or school functioning.

31-40 |Some impairment in reality testing OR impairment in speech and communication OR serious impairment in sever;
of the following: occupational or school functioning, interpersonal relationships, judgment, thinking, or mood.

21-30 |Presence of hallucinations or delusions which influence behavior OR serious impairment in ability to communicaf
with others OR serious impairment in judgment OR inability to function in aimost all areas.

11-20 |There is some danger of harm to self or others OR occasional failure to maintain personal hygiene OR the person
virtually unable to communicate with others due to being incoherent or mute.

0-10 Persistent danger of harming self or others OR persistent inability to maintain personal hygiene OR person has m
a serious attempt at suicide.
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C 6. Alcohol, Smoking and Substance Involvement Screenind A8SIST)

ASSIST - Drug Use Frequency Questionaire

| am going to ask you some questions about your experience of using substances across your lifetime and in the past three months. These substances can be smoked, swallowed,
inhaled, injected or taken in the form of pills. Some of the substances listed may be prescribed by a doctor (like amphetamines, sedatives, pain medications). For this interview, we v
medications that are used as prescribed by your doctor. However, if you have taken such medications for reasons other than prescription, or taken them more frequently or at higher
prescribed, please let me know. While we are also interested in knowing about your use of various illicit drugs, please be assured that information on such use will be treated as str
confidential

|Question 1: In your life, which of the following substances have you used. |
YES NO

Tobacco

Alcoholic Beverages (beer, wine etc)
Cannabis (dagga, marijuana)
Cocaine (rocks, coke, crack)
Amphetamine Type Stimulants (Tik)
Inhalants (nitrous glue, petrol)
Sedatives or sleeping pills (
Hallucinogens (LSD, acid, mushrooms, PCP, specfal K)
Opioids (heroin, morphine, methadone, unga)

Probe if all answers are negative: "Not even when you were in school?", If "No"
items, skip substance use questionaire. If "Yes" to any of these items, ask Ques
for each substance ever used.

Other (eg Mandrax, Buttons)
|Questi0n 2: In the past three months, how often have you used the substances you mentioned (FIRST DRUG, SECOND DRUG, ETC)

Never Once or Twice Monthy Weekly Daily or Aimost Daily
Tobacco 0 2 3 4 6
Alcoholic Beverages (beer, wine etc) 0 2 3 4 6
Cannabis (dagga, marijuana) 0 2 3 4 6
Cocaine (rocks, coke, crack) 0 2 3 4 6
Amphetamine Type Stimulants (Tik) 0 2 3 4 6
Inhalants (nitrous glue, petrol) 0 2 3 4 6
Sedatives or sleeping pills 0 2 3 4 6
Hallucinogens (LSD, acid, mushrooms, PCP, specfal K) 0 2 3 4 6
Opioids (heroin, morphine, methadone, unga) 0 2 3 4 6
Other (eg. Mandrax/Buttons) 0 2 3 4 6

If "Never" to all items in Question 2, skip to Question 6. If any substances in Question 2 were used in the previous three months, continue with Questionsahsgifstamceised.

|Questi0n 3: During the past three months, how often have you had a strong desire or urge to use?

Never Once or Twice Monthy Weekly Daily or Amost Daily
Tobacco 0 3 4 5 6
Alcoholic Beverages (beer, wine etc) 0 3 4 5 6
Cannabis (dagga, marijuana) 0 3 4 5 6
Cocaine (rocks, coke, crack) 0 3 4 5 6
Amphetamine Type Stimulants (Tik) 0 3 4 5 6
Inhalants (itrous glue, petrol) 0 3 4 5 6
Sedatives or sleeping pills 0 3 4 5 6
Hallucinogens (LSD, acid, mushrooms, PCP, spec|al K) 0 3 4 5 6
Opioids (heroin, morphine, methadone, unga) 0 3 4 5 6
Other (eg. Mandrax/Buttons) 0 3 4 5 6
|Questi0n 4: During thepast three months how often has your use of substances led to health, social, legal or financial problems? (please circle)
Never Once or Twice Monthy Weekly Daily or Amost Daily

Tobacco 0 4 5 6 7
Alcoholic Beverages (beer, wine etc) 0 4 5 6 7
Cannabis (dagga, marijuana) 0 4 5 6 7
Cocaine (rocks, coke, crack) 0 4 5 6 7
Amphetamine Type Stimulants (Tik) 0 4 5 6 7
Inhalants (nitrous glue, petrol) 0 4 5 6 7
Sedatives or sleeping pills 0 4 5 6 7
Hallucinogens (LSD, acid, mushrooms, PCP, spec|al K) 0 4 5 6 7
Opioids (heroin, morphine, methadone, unga) 0 4 5 6 7
Other (eg. Mandrax/Buttons) 0 4 5 6 7
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Question 5: During the past three months, how often have you failed to do what was normally expected of you because of your use of substance use? (please circle)

Tobacco

Alcoholic Beverages (beer, wine efc)

Cannabis (dagga, marijuana)

Cocaine (rocks, coke, crack)

Amphetamine Type Stimulants (Tik)

Inhalants (nitrous glue, petrol)

Sedatives or sleeping pills

Hallucinogens (LSD, acid, mushrooms, PCP, spec
Opioids (heroin, morphine, methadone, unga)
Other (eg. Mandrax/Buttons)

Never Once or Twice Monthy Weekly Daily or Amost Daily
0 5 6 7 8
0 5 6 7 8
0 5 6 7 8
0 5 6 7 8
0 5 6 7 8
0 5 6 7 8
0 5 6 7 8

ak) 0 5 6 7 8
0 5 6 7 8
0 5 6 7 8

Ask Questions 6 & 7 for all substances ever used (i.e. those endorsed in Question 1)

Question 6: Has a friend or relative or anyone else ever expressed concern about your use of specific substances?

No, Never

Yes, inthe past 3 months

Yes, butnot in the past 3
months

Tobacco

3

Alcoholic Beverages (beer, wine etc)

Cannabis (dagga, marijuana)

Cocaine (rocks, coke, crack)

Amphetamine Type Stimulants (Tik)

Inhalants (nitrous glue, petrol)

Sedatives or sleeping pills

Hallucinogens (LSD, acid, mushrooms, PCP, spec

al K)

Opioids (heroin, morphine, methadone, unga)

Other (eg. Mandrax/Buttons)

olo|lo|lo|lo|lo|lo|o|o|o

o|lo|lo|lo|o|lo|lo|o|o |

wlw|w|w|w|w|w|w|w

Question 7: Have yoever tried and failed to control, cut down or stop using specific drugs? |
No, Never Yes, inthe past 3 months Yes, but notin the past 3
months
Tobacco 0 6 3
Alcoholic Beverages (beer, wine etc) 0 6 3
Cannabis (dagga, marijuana) 0 6 3
Cocaine (rocks, coke, crack) 0 6 3
Amphetamine Type Stimulants (Tik) 0 6 3
Inhalants (nitrous glue, petrol) 0 6 3
Sedatives or sleeping pills 0 6 3
Hallucinogens (LSD, acid, mushrooms, PCP special K) 0 6 3
Opioids (heroin, morphine, methadone, unga) 0 6 3
Other (eg. Mandrax/Buttons) 0 6 3
Question 8: Have you ever used any drug by injection?
No, Never Yes, in the past 3 months Yes, but notin the past 3
months
0 2 1

Total Score Drug 1:
Total Score drug 4:

Total Score Drug 2:
Total Score Drug 5:

Participant Number:

Total Score Drug 3:
Total Score Drug 6:

Date of completion:
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C 7. Simpsm angus extrapyrimidal symptom scale

Simpson-Angus Rating Scale for Extrapyramidal Side Effects
Simpson GM, Angus JWS: A rating scale for extrapyramidal side effects. Acta Psychiatrica Scandinavica, 212:11-19, 1970

Instructions: The exam should be conducted in a room where the subject can wlak a sufficient distance to allow him/her to get
natural rhythm (e.g., 15 paces). Each side of the body should be examined. If one side shows more pronounced pathology thi
other, this scoure should be noted and this taken. Cogwheel rigidity may be palpated when the examination is carried out for it
5, and 6. Itis not rated separately and is merely another way to detect rigidity. It would indicate that a minimum score of 1 wou
mandatory.

1 Gait: The patient is examined as he walks into the examining room, his gait, the swing of this arms, his general posture
the basis for an overall score for this item. This is rated as follows:
0 Normal
Diminution in swing while the patient is walking
Marked diminution in swing with obvious rigidity in the arm
Stiff gait with arms held rigidly before the abdomen
Stopped shuffling gait with propulsion and retropulsion

AIWIN |-

2 Am Dropping:The patient and the examiner both raise their arms to sholder height and let them fall to their sides. Ina r
subject, a stout slap is hear as the arms hit the sides. In the patient with extreme Parkinson's syndrome, the arms fall \

slowly:
0 Normal, free fall with loud slap and rebound
1 Fall slowed slightly with less audible contract and little rebound
2 Fall slowed, no rebound
3 Marked slowing, no slap at all
4 Arms fall as though against resistance; as though through glue
3
Shoulder ShakingThe subject's arms are bent at a right angle at the elbow and are taken one at a time by the examiner v
grasps one hand and also clasps the other around the patient's elbow. The subject's upper arm is pushed to and fro ait
humerus is externally rotated. The degree of resistance form normal to extreme rigidity is scored as follows:
0 Normal
1 Slight stiffness and resistance
2 Moderate stiffness and resistance
3 Marked rigidity with difficulty in passive movement
4 Extreme stiffness and rigidity with almost a frozen shoulder
4

Elbow Rigidity:The elbow joints are separately bent at right angles and passively extended and flexed, with the subject's
observed and simulataneously palpated, The resistance to this procedure is rated. (The presence of cogwheel rigidity i
separately.)

0 Normal

1 Slight stiffness and resistance

2 Moderate stiffness and resistance

3 Marked rigidity with difficulty in passive movement

4 Extreme stiffness and rigidity with almost a frozen joint

5 Wwrist rigidity or Fixation of position:The wristis held in one hand and the fingers held by the examiner's other hand, with
wrist moved to extension, flexion and ulnar and radial deviation.

0 Normal

1 Slight stiffness and resistance

2 Moderate stiffness and resistance

3 Marked rigidity with difficulty in passive movement

4 Extreme stiffness and rigidity with almost a frozen wrist
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10

Leg Pendulousnesdhe patient sits on a table with his legs hanging down and swinging free. The ankle is grasped by th
examiner and raised until the knee is partially extended. It is then allowed to fall. The resistance to falling and the lack
swinging form the basis of the score on this item.

0 The legs swing freely

Slight diminution in the swing of the legs
Moderate resistance to swing

Marked resistance and damping of swing
Complete absence of swing

AN |-

Head DroppingThe patient lies on a well-padded examining table and his head is raised by the examiner's hand. The h
then withdrawn and the head allowed to drop. In the normal subject the head will fall upon the table. The movementis d
in extrapyramidal system disorders and in extreme parkinsonismitis absent. The neck muscles are rigid and the heac
reach the examining table.

The head falls completely with a good thump as it hits the table

Slight slowing in fall, mainly noted by lack of slap as head meets the table
Moderate slowing in the fall quite noticeable to the eye

Head falls stiffly and slowly

Head does not reach the examining table

AIW|N | |O

Glabella TapSubjectis told to open eyes wide and not to blink. The glabella region is tapped at a steady, rapid speed. T
number of times patient blinks in succession is noted

0 0-5 blinks

6-10 blinks

11-15 blinks

16-20 blinks

21 and more blinks

W[N]

Tremor:Patientis observed walking into examining room and is then re-examined for this item

Normal

Mild finger tremor, obvious to sight and tou
Tremor of hand or arm occurring spasmodically
Persistent tremor of one or more limbs

Whole body tremor

AlW[IN|R|O

Salivation:Patient is observed while talking and then asked to open his mouth and elevate his tongue. The following rati
given:

Normal

Excess salivation to the extent that pooling takes place if the mouth is open and the tongue is raised.
When excess salivation is present and might occasionally resultin difficulty in speaking

Speaking with difficulty because of excess salivation

Frank drooling

Hlw|N ([~ |O

Total Score:

Participant Number: Date:
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C 8. Edinburgh handedness questionnaire

Edinburgh Handedness Questionnaire
Oldfield,RC. (1971). The assessment and analysis of handedness: The edinburgh inventory. Neuropsychologia. 9:97-113

Which Hand?

Right Both Left Which hand do you write with?

Right Both Left Which hand do you draw with?

Right Both Left When throwing a ball, which hand do you use?

Right Both Left When using scissors, which hand does the cutting?

Right Both Left When brushing or combing your hair, which hand holds the brush/comb?

Right Both Left When brushing your teeth, which hand holds the toothbrush?

Right Both Left When cutting a loaf of bread, which hand holds the knife?

Right Both Left When eating soup, which hand holds the spoon?

Right Both Left When using a hammer, which hand hammers the nail into the wood?

Right Both Left When using a screwdriver, which hand turns the screwdriver to tighten the screw?
Right Both Left When playing tennis, which hand holds the racket?

Right Both Left When using both a knife and a fork, which hand holds the fork?

Right Both Left When hitting a ball with a cricket bat, which hand is at the top of bat?

Right Both Left when hitting a golf ball with a golf stick, which hand is at the top of the club?
Right Both Left When sweeping with a broom, which hand is at the top of the broom?

Right Both Left When raking leaves up with a rake, which hand is at the top of the rake?

Right Both Left When striking a match, which hand is holding the match?

Right Both Left When opening the match box to get a match, which hand takes the match out?
Right Both Left When dealing cards, which hands deals to the players?

Right Both Left When threading and needle, which hand is used to put the thread through the eye of the needle?

Participant Number:

Date of Completion:
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Appendix DStatistical data

Table D1 Demographic mean and standard deviation

Controls Schizophrenia Bipolar | disorder Methamphetamine induced psychos
n=27 n=27 n=28 n=21

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.
Age on day of imaging (yrs) * 25,74 3,75 29,67 5,43 29,64 4,91 26,05 5,47
Duration at school (yrs) 11,56 1,25 10,70 1,81 11,39 1,07 # 10,24 1,64
Tertiary education (yrs) 2,30 3,15 1,48 1,95 1,71 1,82 0,57 1,35
Total duration of education (yrs) 13,85 3,78 12,19 3,23 13,11 2,51 @ 10,80 2,38
Weight (kg) * 69,17 7,96 85,48 24,30 83,83 14,57 & 68,77 15,18
BMI * 23,28 3,00 29,24 7,96 28,75 5,24 & 23,34 3,69

Handedness (left:right) 1:26 3:24 2:26 3:19

* CON vs SCZ and BPD; # CON vs MPD; @ MPD vs CON and BPD & MPD vs SCZ and BPD. Non- parametric Kruskal Wallis (H- test), Significance P<0,05.

Table D2 Behavioural mean and standard deviation

Controls Schizophrenia Bipolar | disorder Methamphetamine induced psychos
n=27 n=27 n=28 n=21
Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.
Continuous Performance Task
Correct responses (60) 53,59 10,71 * 44,23 13,27 51,82 10,91 46,52 14,83
Overall response time (msec) 231,56 103,55 * 459,96 233,98 315,43 141,22 330,19 142,42
Errors of commission 4,81 8,05 7,77 9,33 6,29 10,19 11,29 13,98
Errors of omission 1,59 4,84 # 8,00 11,93 1,89 4,08 2,19 3,36
Trick S responses 0,63 2,51 1,19 2,83 0,43 0,96 0,67 1,20

* CON vs SCZ # SCZ vs CON and BPD. Non- parametric Kruskal Wallis (H- test), Significance P<0,05.
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Table D3 Clinical scales mean and standard deviation

Psychotic groups
combined
n=76

Schizophrenia

n=27

Bipolar | disorder

n=28

Methamphetamine
induced psychosis
n=21

Mean  Std.Dev.
Positive & Negative Syndrome Scale

Mean  Std.Dev.

Mean  Std.Dev.

Mean  Std.Dev.

Total score 43 30-100 48 30-100 35 30-73 45 30-77

Positive symptoms 8 7-25 # 12 7-24 7 7-25 7 7-19

Negative symptoms 11 7-30 13 7-30 9 7-20 12 7-27

General psychopathology 22 16-50 # 23 16-50 19 16-37 22 16-38
Calgary depression for schizophrenia 1 0-13 2 0-8 0 0-13 1 0-9
Hamilton depression rating scale 1 0-20 0-10 0 0-20 2 0-5
Young maniarating scale 2 0-16 3 0-15 1 0-16 2 0-12
Clinical global impression of illness severity 2 1-4 # 14 2 1-4 2 1-4

Global assessment of functioning scale 65 5-90 # 60 30-85 71 5-85 65 31-90
Simpson Angus scale for parkinsonism 0 0-16 # 1 0-16 0 0-1 0 0-9

"BPD vs SCZ, and MFﬁSCZ vs BPD. Non- parametric Kruskal Wallis (H- test), Significance P<0,05.
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Table D4 ASSIST scores mean and standard a&on

Controls Schizophrenia Bipolar | disorder Methamphetamine induced psychosis
n=76 n=27 n=28 n=21

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.
Total substance involvement score 17 13 27 26 27 22 * 60 25

Tobacco score 6,07 8,10 12,96 12,91 12,68 11,21 * 22,29 6,25

Alcohol score 5,81 4,95 5,93 6,24 6,96 5,36 8,48 6,40
Cannabis score 3 3 3 5 5 7 * 9 7
Cocaine score 1 1 0 0 1 1 1 2
Methamphetamine score 0 1 2 6 0 1 * 13 10
Inhalants score 0 1 1 2 0 0 0 1
Sedatives sleeping pill score 0 1 1 2 1 3 1 2
Hallucinogens score 0 1 0 1 1 2 1 1
Opioids score % 0 1 0 1 0 1 1 1
Mandrax score 0 1 1 2 0 1 * 4 4

* MPD vs all other groups; % Denotes significant differences but not between groups. Non- parametric Kruskal Wallis (H- test), Significance P<0,05.
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Table D5 Medication mean and standard deviation

Psychoti§ groups Schizophrenia Bipolar | disorder Methamphetamine induced psychos
combined
n=76 n=27 n=28 n=21
Mean  Std.Dev. Mean  Std.Dev. Mean  Std.Dev. Mean  Std.Dev.
Duration of psychotic disorders (years) 6,30 5,35 7,41 5,60 7,59 5,27 3,13 3,83
Chlorpromazine equivalents 210,03 299,27 330,56 438,77 151,34 178,79 133,33 108,78
Positive & Negative Syndrome Scale
Total score 23,03 6,95 52,33 17,46 $ 39,04 10,78 46,62 11,86
Positive symptoms 45,86 14,76 # 12,22 5,02 9,07 4,09 8,95 3,09
Negative symptoms 10,16 4,44 14,89 6,53 $ 9,21 3,12 14,43 5,63
General psychopathology 12,67 5,82 # 25,22 8,10 20,75 5,76 23,24 6,11
Calgary depression for schizophrenia 2,34 2,88 2,70 2,49 2,00 3,12 2,33 3,10
Hamilton depression rating scale 1,96 3,42 4,52 4,46 3,46 5,01 3,33 3,26
Young mania rating scale 3,80 4,36 2,22 2,69 2,04 4,86 1,52 1,50
Clinical global impression of illness severity scale 2,43 1,04 # 2,93 1,07 2,00 0,90 2,38 0,92
Global assessment of functioning scale 64,30 13,51 61,17 11,36 @ 67,30 15,01 64,31 13,68
Simpson Angus scale for parkinsonism 1,17 2,57 # 2,15 3,46 0,07 0,26 1,38 2,46
* MPD vs SCZ, and BPD; # SCZ vs MPD ;% Denotes significant differences but not between groups; & BPD vs SCZ, and MPD ;$ BPD vs MPD. Non- parametric Kruskal Wallis

P<0,05.
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Appendix ESpearman rank order correlations

Table E1 Spearmarrank order correlations for demographics

Group=Controls
Speamman Rank Order Correlations (ALL
groups)Marked comelations are significant at p

Group=Schizophrenia
Speaman Rank Order Correlations (ALL

groups )Marked correlations are significant at

Valid Speaman

27
27
27
27
27
27
27
27
27
27
27

p <0,01
t(N-2)
0,488  -2,79328
0,562 3,39402
0,498 2,87303
0,583 3,58712
0,571 3,47654
0,496  -2,85263
0,491 -2,81806
0,510  -2,96338
0,513  -2,98478
0,508  -2,94555
0,510  -2,96535

pvalue
0,00986
0,00230
0,00817
0,00142
0,00187
0,00858
0,00931
0,00659
0,00626
0,00688
0,00656

<0,01
Pair of Variables Valid Spearman t(N-2) pvalue  Pair of Variables
TRICK_FP2_P300_A & yearsatschool 27 0,493 2,83681 0,008905 CUEZ_FP1_P300_T & yearsatschool
TRICK_FP2_P300_A & totalnumberofyearseducation 27 0,524 3,07811 0,005001 STM_P3_N200_T & yearsatschool
CUE1_C3_P300_T & weight 27 0,559 3,37479  0,002414 STM_P3_N200_T & totalnumberofyearseducation
TRICK_F3_N200_T & BMI 27 0,534 -3,16189  0,004079 CUE2_P3_N200_T & yearsatschool
CUE1 P3 N200 A & tertiaryeducation 27 0,536 3,17066 0,003993 CUEZ2 P3 N200 T & totalnumberofyearseducation
CUE1_P3 _N200_A & totalnumberofyearseducation 27 0,518 3,03018 0,005615 TRICK_F4_P100_T & yearsatschool
TRICK_P4_P100_T & BMI 27 0,546 -3,25562  0,003241 TRICK_F4_P100_T & totalnumberofyearseducation
CUE1_P3_N20-150_A & tertiaryeducation 27 0,493 2,83609 0,008920 TRICK_P3_P100_T & yearsatschool
CUE1_P3_N20-150_A & totalnumberofyearseducation 27 0,514 2,99277 0,006144 TRICK_P3_P100_T & totalnumberofyearseducation
TRICK_P4_P100_T & yearsatschool
TRICK_P4_P100_T & totalnumberofyearseducation
Group=Bipolar

Spearman Rank Order Correlations (ALL
groups)Marked correlations are significant at p

' Pair of Variables
TRICK_FP1_P300_A & yearsatschool

TRICK_FP2_N200_A & ageondayoftesting
CUE1_FP1_N200_T & weight
CUE1_P3_N200_T & yearsatschool
TRICK_P4_P100_T & tertiaryeducation
CUE1_F4_P100_T & yearsatschool

Group=MethPsychosis
Spearman Rank Order Correlations (ALL

groups )Marked correlations are significant at p

<0.01 <0.01
Valid Spearman t(N-2) p-value  Pair of Variables Valid  Spearman t(N-2) p-value
28 0,540 3,26982 0,00303 STIM_F3_P300_T & ageondayoftesting 21 0,562 2,95848 0,00807
28 0,565  3,49055 0,00174 TRICK_FP1_P300_T & weight 21 -0,579 -3,09654 0,00594
28 -0,486 -2,83420 0,00877 CUE1_P4_P300_A & ageondayoftesting 21 0,729 4,64384 0,00018
28 -0,495 -2,90858 0,00734 CUE1_P4_P300_A & tertiaryeducation 21 0,684 4,09232 0,00062
28 0,518  3,08607 0,00477 CUE2_C3_P300_T & yearsatschool 21 -0,553 -2,89102 0,00936
28 0,479 2,77877 0,01000 TRICK_C4_P100_T & tertiaryeducation 21 0,604 3,30477 0,00373
CUE2_F4_P100_T & BMI 21 -0,553 -2,89329 0.,00931
CUE1_P4 N20-150_T & ageondayofiesting 21 0,550  -2,87328  0,00973
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Group=All groups
Speaman Rank Order Correlations (ALL
groups)Marked correlations are significant at p

<0,01

I Pair of Variables Valid Spearman t(N-2) p-value

TRICK_FP2_P300_A & yearsatschool 103 0,266 2,76947 0,006682
CUE1_FP2_P300_T & yearsatschool 103 0,254 2,63670 0,009694
CUE2_C3_P300_T & yearsatschool 103 -0,305 -3,22293 0,001709
CUE1_FP1_N200_A & tertiaryeducation 103 -0,268 -2,79652 0,006185
CUE1_FP1_N200_A & totalnumberofyearseducation 103 -0,253 -2,63201 0,009820
CUE1_FP1_N200_T & yearsatschool 103 -0,259 -2,69123 0,008333
TRICK_P4_P100_T & BMI 103 -0,293 -3,08487 0,002627
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Table E2 Spearman rank order correlations for behavioural data

Group=Controls
Speaman Rank Order Correlations (ALL
groupsMarked comelations are significant

at p <0,01
Pair of V ariables Valid Spearman  t(N-2) p-value  Pair of Variables
STIM_C3_MN200_A & CPT1 Total number of impulsive responses 27 -0,502 -2,90261 0,007620 STIM_C3_P300_T & CPT1 OVERALL RESPONSE TIME
STIM_P3_MN200_A & CPT1 Total number of omissions 27 -0,520  -3,04713 0,005390 STIM_C4_P300_T & CPT1 OVERALL RESPONSE TIME
CUE1_C3_N200_A & CPT1 Total number of correct responses 27 0510 296605 0,006550 STIM_P4_P300_T & CPT1 OVERALL RESPONSE TIME
CUE1_C3_N200_A & CPT1 Total number of impulsive responses 27 -0,531  -3,13104 0,004398 CUE2_C4_P300_T & CPT1 OVERALL RESPONSE TIME
CUE1_P3_N200_A & CPT1 Total number of correct responses 27 0678 460770 0,000103 CUE2_P4_P300_T & CPT1 OVERALL RESPONSE TIME
CUE1_P3_N200_A & CFT1 Total number of impulsive responses 27 -0,709 -5,02796 0,000035 STIM_F3_P100_T & CPT 1Total number of trick S responses
CUE2_C3 N200_A & CPT1 Total number of impulsive responses 27 -0522 -3,06397 0,005175 CUE2 F4 P100_A & CPT1 Total number of omissions
CUE1_P3_P100_A & CPT1 Total number of correct responses 27 0,565 3,42045 0,002154 CUE1_P3_P70-200_T & CPT1 Total number of correct responses
CUE1_P3_P100_A & CPT1 Total number of impulsive responses 27 -0567 -3,43874 0,002058 STIM_P3_N20-150_T & CPT1 Total number of impulsive responses
TRICK_P3_P70-200_T & CPT1 Total number of correct responses 27 0,498 287468 0,008142 CUE2_P3_N20-150_T & CPT1 Total number of impulsive responses
TRICK_P3_P70-200_T & CPT1 Total number of impulsive responses 27 -0,488 -2,79451 0,009836
CUE1_P3_PT70-200_A & CPT1 Total number of correct responses 27 08613 3,87487 0,000683
CUE1_P3_PT70-200_A & CPT1 Total number of impulsive responses 27 0617 -3,92458 0,000601 Pair of Variables
CUE1_P3_N20-150_A & CPT1 Total number of correct responses 27 0,651 429303 0,000233 TRICK_F4_N200_A & CPT1 Total number of omissions
CUE1_P3_N20-150_A & CPT1 Total number of impulsive responses 27 -0,653  -4,31145 0,000222 CUE1_P4_N200_T & CPT1 Total number of omissions
CUE1_P3_N20-150_A & CPT1 Total number of omissions 27 -0,534 -3,15505 0,004148 CUE1_P4_P100_T & CPT 1Total number of trick S responses

Group=MethPsychosis
Speaman Rank Order Correlations (ALL
groups)Marked correlations are significant at

p <0,01
" Pair of Variables Valid ~ Speaman  tN-2)  pvalue  Pair of Variables
CUE1_F3 P100_A & CPT1 Total number of omissions 21 0,669745 393131  0,000896 STIM_FP1_P300_T & CPT1 Total number of comect responses
CUE1_C3_P100_A & CPT1 Total number of omissions 21 0,620499 344895 0,002689 STIM_FP1_P300_T & CPT1 Total number of omissions
CUE1_P3_P100_A & CPT1 Total number of omissions 21 0,617685 342363 0,002848 TRICK_F4_P300_A & CPT1 Total number of omissions
CUEZ2_P4_P100_A & CPT1 Total number of omissions 21 0,558590 293551 0,008489 TRICK_C4_P300_A & CPT1 Total number of omissions
CUE2_P4_PT70-200_A & CPT1 Total number of omissions 21 0,579696 310104 0,005881 CUE2_FP1_P300_T & CPT1 Total number of correct responses
TRICK_P3_N20-150 T & CPT1Total number of correct responses 21 0,707290 436116 0,000336 STIM_F4_N200_A & CPT1 OVERALL RESPONSE TIME
TRICK_P3_N20-150 T & CPT1Total number of impulsive responses 21 -0,675192 -3 98987 0000784 TRICK_F3_N200_A & CPT1 OVERALL RESPONSE TIME

TRICK_F3_N200_A & CPT1 Total number of omissions
TRICK_F4_N200_A & CPT1 Total number of omissions
TRICK_C3_N200_A & CPT1 Total number of omissions
TRICK_C4_N200_A & CPT1 Total number of omissions

Group=Schizophrenia
Spearman Rank Order Correlations (ALL
groups)Marked correlations are significant
at p =0,01

Valid
26
26
26
26
26
26
26
26
26
26

Spearman
0,571626
-0,540541
-0,516522
0,531143
-0,521650

0,530346
0,579778
0,504832
0,600286
0,608707

t(N-2) p-value

-3,41296 0,002284
-3,14756  0,004359
-2,95516  0,008902
-3,07107 0,005238
-2,99540 0,006274

3,06465 0,005319

-3,48602 0,001907

2,86505 0,008532
3,67697 0,001187
3,75859 0,000967

Group=Bipolar
Spearman Rank Order Correlations (ALL
groups )M arked correlations are significant

Valid
28
28
28

Spearman
0,492573
-0,485079
-0,593760

tMN-2) pvalue

-2,88604 0,007747
-2,82849 0,008888
-3,76266 0,000866

Group=All groups
Spearman Rank Order Correlations (ALL
groups)Marked correlations are significant

at p =0,01
Valid Speaman  t(N-2) pvalue
102 -0,342790 -3,64898 0,000421
102  0,276956 2,88231 0,004832
102 -0,256366 -2,65230 0,009299
102 -0,255771 -2,64571 0,009469
102 -0,284376 -2,96623 0,003771
102 0,268737 2,79001 0,006312
102 -0,269778 -2,80166 0,006105
102 -0,293126 -3,06594 0,002791
102 -0,275595 -2,86698 0,005054
102 -0,269793 -2,80182 0,006102
102 -0,330733 -3,50455 0,000686
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Table E3 Spearman rank order correlations for the ASSIST scores

Group=Controls
Speamman Rank Order Comelations (ALL
groups )Marked comelations are significant at p

<0,01
Pair of Variables Valid Speaman t(N-2) p-value Pair of Variables
STIM_FP2_P300_A & assistalcoholscore 27 -0,510991 -2,97231 0,006453 STIM_C3_P300_T & assisttabaccoscore
STIM_F4_P300_A & assistcannabisscore 27  0,505158  -2,92667 0,007196 STIM_C3_P300_T & tsiscore
STM_P3 _P300_A & assisttabaccoscore 27 40,586950  -3,62483 0,001289 STIM_P3_P300_T & assisttabaccoscore
STIM_P3_P300 A &tsiscore 27 0,542063  -3,22527 0,003493 STIM_P3_P300_T &tsiscore
TRICK_C3_P300_A & assisttabaccoscore 27  0,540199 -3,20960 0,003630 STIM_P4_P300_T & assisttabaccoscore
TRICK_P3_P300_A & assisttabaccoscore 27  0,577664  -3,53842 0,001603 STIM_P4_P300_T & tsiscore
TRICK_P3_P300_A & tsiscore 27 0,538392  -3,19447 0,003767 CUE1_C3_P300_A & assistmandraxscore
TRICK_C3_N200_A & assisttabaccoscore 27 0,526110  -3,00325 0,004821 CUE2_P3_P300_T & tsiscore
CUE1_FP1_N200_T & assisttabaccoscore 27  0,500763  -2,809263 0,007803 CUE2_P4_P300_T & assisttabaccoscore
CUE1_FP2_N200_A & assistcocainescore 27 0,501486 2,89821 0,007701 CUE2_P4_P300_T & tsiscore
CUE1_C3_N200_T & assistcannabisscore 27  -0,524601 -3,08100 0,004966 STIM_P3_N200_A & tsiscore
CUE1_C4_N200_T & tsiscore 27 0,490509  -2,81437 0,009388 STIM_P4_N200_A & tsiscore
CUE1_P3_N200_T & assistcannabisscore 27  0,498424 -2, 87464 0,008143 CUE1_F3_N200_T & assisttabaccoscore
CUE1_P3_N200_T & tsiscore 27 -0,502986  -2,90981 0,007491 STIM_P4_P100_A & assisttabaccoscore
CUE2_F3 _N200_A & assistalcoholscore 27 0,559672 3,37675 0,002402 STIM_P4_P100_A & tsiscore
CUE2_C3_N200_A & assistmethamphetaminescore 27 0,529574 3,12152 0,004501 CUE1_F3_P100_A & assisttabaccoscore
CUE2_C4_N200_A & assistmethamphetaminescore 27 0,499313 2,88146 0,008013 CUE1_F4_P100_A & assisttabaccoscore
CUE2 P4 N200 A & assistcannabisscore 27 0,536812 3,18129 0,003890 CUE1 _P3 P100 T & assisttabaccoscore
STIM_F4_P100_T & assistcannabisscore 27  -0,550875  -3,30028 0,002903 CUE1_P3_P100_T & tsiscore
TRICK_CA4_P100_T & assisttabaccoscore 27 40,526512 -3,00651 0,004783 CUEZ2_P4_P100_A & assistcannabisscore
TRICK_P3_P100_T & assistcocainescore 27 0,532305 3,14395 0,004262 STIM_P3_N20-150_A & assisttabaccoscore
CUE2 F4 P100 T & assistcannabisscore 27  H,547643 -3,27259 0,003109 STIM_P3 N20-150 A & assistmandraxscore
CUE2_C4_P100_T & assisthallucinogensscore 27 0,490432 2,81379 0,009400 STIM_P3_N20-150_A & tsiscore
CUEZ_P3 P100_A & assisthallucinogensscore 27 0,529318 3,11942 0,004524 STIM_P4_N20-150_A & assisttabaccoscore
CUE2_P4_P100_A & assisthallucinogensscore 27 0,496865 2,86270 0,008377 STIM_P4_N20-150_A & tsiscore
CUE2 P3 P70-200 A & assisthallucinogensscore 27 0,529318 3,11942 0,004524
CUEZ2_P4_P70-200_A & assisthallucinogensscore 27 0,496865 2,86270 0,008377
CUEZ_P3_N20-150_A & assisthallucinogensscore 27 0,500223 2,88846 0,007881
CUE2_P4_N20-150_A & assistcannabisscore 27 0,502575 2,90662 0,007548

Group=Schizophrenia
Speaman Rank Order Comelations (ALL

groups )Marked comelations are significant at p

<0,01

Valid Speaman t(N-2) p-value

27 0,617233 3,92252  0,000604
27 0,496389 2,85905 0,008449
27 0,609785 3,84690  0,000733
27 0,553495 3,32280  0,002745
27 0,588085 363554 0,001255
27 0,563640 341178 0,002201
27 0,530579 3,12976  0,004412

27 0,535194 3,16784  0,004020
27 0,543897 3,24075  0,003362
27 0,504308 292006  0,007311
27 -0,562183  -3,39888  0,002273
27 -0,550516  -3,29720  0,002925
27 0,547594 327217 0,003112
27 -0,571265  -3,48008 0,001856
27 -0,578456  -3,54571  0,001574
27 0,503457 291345 0,007426
27 0,611517 3,86434  0,000701
27 -0,511918  -297961  0,006341
27 -0,502544 290639 0,007552
27 -0,505669  -2,93064 0,007129
27 -0,561667  -3,39432  0,002299
27 -0,575286  -3,51662  0,001693
27 -0,614072  -3,80023  0,000656
27 -0,517080  -3,02055  0,005747
27 -0,553279  -3,32102 0,002758
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Group=Bipolar Group=MethPsychosis

Spearman Rank Order Correlations (ALL Spearman Rank Order Correlations (ALL
groups )Marked correlations are significant at p groups)Marked correlations are significant at p
<0,01 <0,01

" Pair of Variables Valid  Spearman t(N-2) p-value Pair of Variables Valid  Spearman t(N-2) p-value
CUE1_C4_N200_A & assisttabaccoscore 28 0,507432 3,00270 0,005847 CUE1_C4_P300_T & assisttabaccoscore 21 0,620446 3,44847  0,002602
CUE1_C4_N200_A & tsiscore 28 0,494860 2,90378 0,007424 CUE2_FP1_P300_A & assistalcoholscore 21 -0,728674  -4,63776  0,000179
CUEZ_F3_N200_A & assisthallucinogensscore 28 0,482943 2,81223 0,009237 CUE2_FP1_P300_T & tsiscore 21 0,558595 2,93554 0,008488
CUE2_F3 N200_A & tsiscore 28 0,525292 3,14773 0,004100 CUE2_FP2_P300_A & assistalcoholscore 21 0661823  -3,84317  0,001084
CUE1 C4 P100 A & assisttabaccoscore 28 0,490380 2,86911 0,008067 STIM_P3_N200_A & assistmethamphetaminescore 21 -0,569198 -3,01761 0,007080
CUE1_C4_P100_A & tsiscore 28 0,480056 2,79036 0,009728 CUE1_F4_N200_A & assistalcoholscore 21 0,588956 3,17658 0,004968
STIM_P3_N20-150_A & assistmethamphetaminescore 28 0,478877 2,78147 0,009935 CUE2_FP1_N200_A & assistalcoholscore 21 -0,763437  -5,15224 0,000057
STIM_P3_N20-150_A & assistmandraxscore 28 0,478877 2,76147 0,009935 CUE2_FP2_N200_A & assistalcoholscore 21 -0,631740  -3,55233  0,002127
TRICK_P3_N20-150_T & assistcannabisscore 21 -0,771556  -5,28660 0,000042
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I Pair of Variables
STIM_P3_P300_A & assistcocainescore

STIM_P3_P300_T & assistcannabisscore
CUE2_P3_P300_T & assistcannabisscore
STIM_P4_N200_T & assistalcoholscore
CUE1_F3_N200_A & assisttabaccoscore
CUE1_F4_N200_A & assisttabaccoscore
CUE1_F4_N200_A & assistcannabisscore

CUE2_C4_N200_T & assisthallucinogensscore
TRICK_P3_P100_A & assisthallucinogensscore
TRICK_P3_P100_T & assistopiodssocre
TRICK_P4_P100_A & assisthallucinogensscore
CUE1_F3_P100_A & assisttabaccoscore
CUE1_F3_P100_A & tsiscore

CUE1_F4_P100_A & assisttabaccoscore
CUE1_F4_P100_A & assistcannabisscore
CUE1_F4_P100_A & tsiscore

CUE1_C4_P100_A & tsiscore

CUE1_P4_P100_A & tsiscore
TRICK_P4_P70-200_A & assisthallucinogensscore
CUE1_P4_P70-200_A & tsiscore
CUE2_P4_N20-150_T & assistcannabisscore
CUE2_P4_N20-150_T & assistmethamphetaminescore

Group=All groups
Spearman Rank Order Comelations (ALL
groups)Marked correlations are significant at p

<0,01
Valid  Spearman {(N-2) p-value
103  -0,274803  -2,87231 0,004966
103 0,271919 2,83975 0,005460
103 0,307084 3,24285 0,001604
103 0,280785 2,94013 0,004067
103 0,299324 3,15272 0,002130
103 0,257004 2,67263 0,008776
103 0,268055 2,79625 0,006190
103 0,260684 2,71367 0,007825
103 0,266959 2,78394 0,006412
103 0,276562 2,89222 0,004685
103 0,304283 3,21023 0,001779
103 0,292639 3,07563 0,002703
103 0,253948 2,63865 0,009642
103 0,342591 3,66477 0,000397
103 0,331951 3,53661 0,000614
103 0,331884 3,53580 0,000615
103 0,275507 2,88028 0,004852
103 0,279251 2,92271 0,004283
103 0,270414 2,82279 0,005735
103 0,255493 2,65582 0,009195
103  -0,255838  -2,65965 0,009098
103  -0,264900 -2,76084 0,006849
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Table E4 Spearman rank order correlations for the clinical scales

Pair of Vanables

STIM_FP1_P300_T & hamdtotalscore
TRICK_FP1_P300_T & cdsstotal

CUE1_C4_P300_T & cdsstotal

CUE1_C4_P300_T & hamdtotalscore
CUE2_FP1_P300_T & hamdtotalscore
TRICK_P4_N200_T & appendixbGgaf
CUE2_C4_N200_T & totalscoreyoungmaniaratingscaley
CUE1_C4_P100_T & totalscoreyoungmaniaratingscaley
CUE1 P3 P70-200 T & hamdtotalscore
STIM_P4_N20-150_T & pansstot

STIM_P4_N20-150_T & panssneg

STIM_P4_N20-150_T & panssgen

STIM_P4_N20-150_T & appendixb5cqgis
CUEZ2_P3_N20-150_T & appendixbbcgis
CUE2_P4_N20-150_T & pansstot
CUE2_P4_N20-150_T & panssneg
CUE2_P4_N20-150_T & appendixbbcgis

Group=All Psychotic groups
Speamman Rank Order Comelations (ALL
groups )Marked comelations are signiicant at p
<0,01

Valid Spearman t(N-2) p-value Pair of Varnables
76 0,313413 2,83913  0,005837 STIM_P4_P300_A & hamdtotalscore
76 0,294333 264930 0,008856 CUE1_C3_P300_A & pansstot
76  -0,303271 -2,73778 0,007743 CUE1_C4_P300_A & pansstot
76  0,330359  -3,01091 0,003562 CUE1_C4_P300_A & panssgen
76 0,311860 2,82354  0,006099 CUE1_P3_P300_A & pansstot
76 0308586 -2,79075  0,006685 CUE1_P3_P300_A & panssneg
76 0347913  3,19229  0,002073 CUE1_P3_P300_A & panssgen
76 0297518 -2,68074 0,009051 CUE1_P4_P300_T & hamdtotalscore
76 0,313968 2,84470 0,005746 CUE1_F4 N200_T & hamdtotalscore
76  -0,350532 -3,21968  0,001907 CUE1_P3_N200_A & hamdtotalscore
76  0,363088 -3,35217 0,001266 CUE1_P3_N200_T & appendixb5cgis
76 0296035 -2,66609 0,009418 CUE1_P4_N200_A & hamdtotalscore
76 -0,351613  -3,23100 0,001842 CUE1_C4_P100_T & totalscoreyoungmaniaratingscaley
76  -0,300064 -2,70594 0,008450 STIM_P4_P70-200_T & panssgen
76  -0,338067 -3,09010 0,002819 CUE2 P4 _P70-200_T & panssgen
76 0351789  -3,23285  0,001832 TRICK_P3_N20-150_T & appendixb6gaf
76  0,344410 -3,15580 0,002315 CUE1_P4_N20-150_T & ChlorpromazineEquivalentDose

Group=>Schizophrenia

Speaman Rank Order Comelations (ALL
groups )Marked comelations are

significant at p <0,01

Valid Speaman

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

-0,526071
0,521540
0,537122
0,552512
0,625726
0,582762
0,565390

-0,525543

-0,512441
0,601092

-0,508085
0,551898

-0,615178

-0,538012

-0,525708
0,563099
0614827

t(N-2)
-3,09293
3,05628
3,18387
3,31439
4,01084
3,58560
3,42733
-3,08864
2,98374
3,76068
2,94950
3,30000
-3,90149
3,19129
-3,08998
3,40698
3,80791

p-value

0,004825
0,005272
0,003866
0,002804 |
0,000482
0,001424]
0,002117
0,004875
0,006278
0,000914
0,006815
0,002841
0,000638
0,003796
0,004859
0,002228
0,000644

125



' Pair of Variables

TRICK_FP2_P300_A & hamdtotalscore
CUE1_P4_P300_A & panssneg
CUE1_P4_P300_A & totalscoreyoungmaniaratingscaley
|STIM_FP1_N200_A & appendixbégaf
STIM_FP2_N200_A & Chlorprom azineEquivalentDose
ISTIM_FP2_N200_A & appendixb6gaf
'S'I1M_C4_N200_A & cdsstotal
TRICK_FP2_N200_A & yearswithdiagnosis
TRICK_FP2_N200_A & timesincediagmonths
TRICK_F4_N200_A & yearswithdiagnosis
TRICK_F4_N200_A & timesincediagmonths
CUE2_FP1_N200_A & appendixb&gaf
CUE2_FP2_N200_A & appendixb&gaf
CUE2_P4_N200_A & pansspos
CUE1_C3_P100_A & pansstot
CUE1_C4_P100_A & pansstot
CUE1_P3_P100_A & panssgen
CUE1_P3_P70-200_T & panssgen
STIM_P3_N20-150_T & cdsstotal
TRICK_P3_N20-150_T & pansspos
CUE2_P3_N20-150_T & cdsstotal
CUE2_P4_N20-150_T & appendixb5cgis

Group=Bipolar
Speaman Rank Order Correlations (ALL
groups)Marked comelations are significant

Valid Speaman

28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

at p <0.01
t(N-2)
0535454 323278
0505531 298758
0,494740] 290284
0509582  3,01988
0520542 -3,10862
0555307  3,40472
0508020  3,00739
0482222 280676
04822221  2,80676
0531927  3,20304
0,531927!  3,20304
0502696 296514
0512888  3,04643
0506664  -2,99659
0542189  3,29022
0504872 298236
0517763  3,08593
0.487027  2,84337
0499873  -2,94292
0561862  3,46330
0491190 -2,87536
0485695 -2,83319

p-value  Pair of Variables

0,003321 STIM_F3_P300_T & cdsstotal

0,006065 STIM_F3_P300_T & hamdtotalscore

0,007441 iS'ﬂM_F4_F'300_T & hamdtotalscore

0,005608 STIM_P4_P300_A & panssneg

0,004514 TRICK_F4 P300_A & panssgen

0,002159 TRICK_P4_P300_T & panssneg

0,005781 CUE1_F3_P300_A & cdsstotal

0,009358 CUE1_F4_P300_A & cdsstotal

0.009358iCUE2_03_P300_A & panssneg

0,003576 CUE2_P4 P300_A & panssneg

0,003576! TRICK_FP2_N200_T & appendixb6gaf

0,006404 TRICK_C3_N200_T & pansstot

0,005257 TRICK_C3_N200_T & panssneg

0,005934 TRICK_C3_N200_T & panssgen

0,002878 TRICK_P3_N200_T & pansstot

0,006143 TRICK_P3_N200_T & appendixb6gaf

0,004773 TRICK_P4_N200_T & appendix bégaf

0,008578 CUE1_F3_N200_A & cdsstotal

0,006757 CUE2_P3 N200_A & panssneg

0,001862 STIM_F3_P100_T & yearswithdiagnosis

0,007948 STIM_F3_P100_T & timesincediagmonths

0,008789 STIM_C3_P100_T & cdsstotal
TRICK_F4_P100_T & hamdtotalscore
CUE1_P3_P100_T & yearswithdiagnosis
CUE1_P3_P100_T & timesincediagmonths
CUE2_F3_P100_T & yearswithdiagnosis
CUE2_F3_P100_T & timesincediagmonths
CUE2_F4_P100_T & appendixb5cgis
CUE2_P3_P100_A & panssneg
CUE1_P3_P70-200_T & yearswithdiagnosis
CUE1_P3_P70-200_T & timesincediagmonths
CUE2_P3_P70-200_A & panssneg
CUE2_P4_P70-200_A & panssneg

Group=MethPsychosis

Spearman Rank Order Correlations (ALL
groups)Marked correlations are significant
at p <0,01

Valid Spearman

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

0,566905
0,559697
0,582966
0,614037

-0,587817
0,618354

-0,658360

-0,621557
0,569012
0,569012

-0,744270
0,692909
0,507193!
0,605093
0,606913

-0,630321

-0,685951

-0,560901
0,571622

0,561456

-0,561456

-0,563336

-0,579379
0,564741
0,564741i

0,572955

-0,5729551

-0,564537
0,550741
0,706633
0,706633!
0.613384
0,575537

t(N-2)
299968
294398
3,12751
3.39111

-3,16719
3,42962

-3,81255

-3,45853
3.01614
301614

-4,85747
4,18892
3.33104
331284,
3,32861

-3,53908

4,10912

-2.95321
3,03667

-2,95748

-2,95748

-2,97197

-3,09850
298285
298285

-3,04721

-3.04721

-2,98126
2,87611
4,35307
4,35307
3.38533
3,06772

p-value

0,007367
0,008332]
0,005544
0,003066
0,005074
0,002810
0,001176
0,002632
0,007103
0,007103
0,000109
0,000498
0.003511!
0,003658
0,003530
0,002192
0,000597
0,008164
0,006787
0,008087
0,008087
0,007833
0,005915
0,007646
0,007646]
0.006630
0,006630!
0,007673
0,009673
0,000342
0,000342!
0.003106'
0,006334
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Appendix FSpearman rank order correlation graphical representation
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