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ABSTRACT!

!

Rates!of!problematic!methamphetamine!use!are!increasing!worldwide!and!are!

accompanied!by!significant!social!and!economic!harms.!On!an!individual!level,!

methamphetamine!use!disorder!is!associated!with!high!rates!of!relapse,!poor!quality!of!

life!and!low!treatment!motivation.!Identifying!predictors!of!these!poor!outcomes!may!

help!to!improve!treatment!programs!and!to!identify!vulnerable!individuals.!Research!

in!other!stimulants!has!established!a!link!between!substance!induced!cognitive!

deficits!and!poor!treatment!and!daily!functioning!outcomes!–!however!this!has!not!

been!explored!in!the!methamphetamine!use!disorder!population.!

!

The!primary!aims!of!this!thesis!were!(i)!to!examine!the!longitudinal!predictive!

value!of!working!memory!and!impulsivity!(and!their!interaction)!on!levels!of!

methamphetamine!use!during!early!treatment,!(ii)!to!identify!the!relative!

contributions!of!delay!discounting!and!impulsive!action!on!change!in!quality!of!life!

during!early!treatment,!and!(iii)!to!identify!the!predictive!value!of!sustained!attention!

and!effortQbased!decisionQmaking!on!change!in!treatment!motivation!in!early!

treatment.!Study!1!(Chapter!3)!addressed!the!first!aim,!Study!2!(Chapter!4)!the!second!

aim,!and!Study!3!(Chapter!5)!the!third!aim.!!

!

Participants!with!methamphetamine!dependence!were!recruited!from!

residential!rehabilitation!(n!=!60),!detoxification!(n&=!30),!and!outpatient!counselling!

(n&=!16)!settings!in!Melbourne,!Australia!from!April!2015!to!December!2016.!The!study!

was!approved!by!the!Eastern!Health!Human!Research!Ethics!Committee!(E52/1213).!
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Participants!completed!a!baseline!assessment!session!within!three!weeks!of!

commencing!treatment,!and!a!followQup!session!six!weeks!later.!For!study!one!(n&=!

108)!participants!were!tested!on!the!Delay!Discounting!Task!(impulsivity)!and!Longest!

Digit!Span!Sequencing!(working!memory)!at!baseline,!and!a!1cm.!sample!of!hair!was!

taken!at!followQup!to!measure!methamphetamine!use.!For!study!two!(n&=!108),!

participants!were!tested!on!the!Delay!Discounting!Task!(impulsivity)!and!the!

Continuous!Performance!TestQII!(impulsivity)!at!baseline,!while!quality!of!life!was!

recorded!using!the!World!Health!Organization!Quality!of!Life!measure!(brief!version)!

at!baseline!and!followQup.!For!the!third!study!(n&=!72),!participants!were!tested!with!

the!Continuous!Performance!TestQII!(attention)!and!the!Worth!the!Effort!Task!(effortQ

based!decisionQmaking)!at!baseline,!and!the!Contemplation!Ladder!(treatment!

motivation)!at!baseline!and!followQup.!Multiple!regression!analyses!were!used!in!each!

study!to!examine!the!predictive!value!of!cognitive!predictors!on!outcome!variables.!!

!

Working!memory!significantly!predicted!methamphetamine!use,!and!this!was!

moderated!by!impulsivity.!Impulsivity!significantly!predicted!change!in!social!and!

psychological!quality!of!life!but!did!not!predict!physical!or!environmental!domains.!

Sustained!attention!but!not!effortQbased!decisionQmaking!significantly!predicted!

change!in!treatment!motivation!in!early!treatment.!These!findings!suggest!that!

methamphetamineQinduced!cognitive!deficits!are!predictive!of!a!range!of!treatment!

outcomes.!Cognitive!deficits!have!an!impact!on!the!frequency!of!drug!use,!the!ability!

to!engage!socially,!psychological!wellbeing!and!maintaining!motivation!in!treatment.!

These!findings!may!be!incorporated!into!methamphetamine!use!disorder!treatment,!

by!which!cognitive!deficits!may!be!accommodated!or!rehabilitated.!
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PREFACE!
!

This!thesis!by!publication!reports!findings!from!three!studies!examining!the!

predictive!value!of!cognition!on!treatment!outcomes!in!individuals!with!

methamphetamine!use!disorder,!using!behavioural!measures!of!cognition!and!selfQ

report!and!biological!outcome!measures.!The!thesis!consists!of!two!published!articles!

and!one!journal!article!that!has!been!submitted!for!publication.!The!findings!suggest!

that!cognitive!function!when!entering!treatment!can!impact!social!and!psychological!

recovery,!treatment!motivation,!and!the!intensity!of!drug!use!in!early!treatment.!

These!findings!can!be!applied!to!the!treatment!setting.!PreQtreatment!cognitive!testing!

may!identify!vulnerable!individuals!that!may!require!adjustment!to!treatment!or!may!

benefit!from!rehabilitation!of!cognitive!deficits.!

!

This!thesis!comprises!six!chapters.!Chapter!One!is!an!introduction!and!

literature!review,!describing!the!nature!of!methamphetamine!use!in!Australia,!and!the!

cognitive!consequences!as!observed!in!animal!and!human!studies.!The!first!chapter!

also!reviews!the!literature!in!which!cognitive!function!predicts!treatment!and!

functional!outcomes!in!stimulant!users!and!states!the!aims!and!hypotheses!of!the!

thesis.!Chapter!Two!is!an!expanded!methodology!section,!elaborating!on!the!methods!

described!in!Chapters!Three,!Four!and!Five.!This!includes!a!more!detailed!description!

of!the!measures!and!procedures!than!is!possible!within!each!publication.!Chapter!

Three!details!the!first!study:!‘Working!memory!predicts!methamphetamine!hair!

concentration!over!the!course!of!treatment:!Moderating!effect!of!impulsivity!and!

implications!for!dualQsystems!model.’!This!study!aimed!to!describe!how!working!
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memory!and!impulsivity!(reflecting!the!‘dual!systems’!model)!predict!levels!of!

methamphetamine!use!in!early!treatment.!Chapter!Four!consists!of!the!second!study:!

‘Impulsivity!predicts!poorer!improvement!in!quality!of!life!during!early!treatment!for!

people!with!methamphetamine!dependence.’!This!study!measured!impulsivity!multiQ

dimensionally!and!aimed!to!examine!the!relative!contribution!of!delay!discounting!

and!impulsive!action!in!predicting!change!in!domains!of!quality!of!life!(social,!

psychological,!physical,!environmental)!in!early!treatment!for!methamphetamine!use!

disorder.!Chapter!Five!consists!of!the!third!study:!‘Sustained!attention!but!not!effortQ

based!decisionQmaking!is!significantly!predictive!of!early!change!in!treatment!

motivation!in!methamphetamine!use!disorder.’!This!study!aimed!to!determine!

whether!measures!of!sustained!attention!and!effortQbased!decisionQmaking!

significantly!predict!change!in!treatment!motivation!over!early!treatment!for!

methamphetamine!use!disorder.!Chapter!Six!consists!of!a!general!discussion!that!

reflects!on!the!findings!of!the!three!studies!included!in!the!thesis!and!explores!overall!

limitations!and!clinical!implications.!

!
!

!

!

!

!

!

!

!
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1.1! The!methamphetamine!problem!in!Australia!
!

Methamphetamine!use!disorder!(MUD)!is!a!growing!problem!worldwide.!

Global!seizures!of!methamphetamine!(MA)!increased!by!21%!from!2015!to!2016!

(UNODC,!2016),!while!greater!purity!and!reduced!cost!(Scott,!Caulkins,!Ritter,!Quinn,!

&!Dietze,!2015)!in!Australia!has!resulted!in!higher!rates!of!problematic!use,!greater!

helpQseeking!(McKetin!et!al.,!2017)!and!substantial!social!and!psychological!

consequences!on!an!individual!level.!This!chapter!characterises!the!MA!problem!in!

Australia!from!a!social!and!individual!perspective,!before!focusing!specifically!on!the!

cognitive!consequences!of!MA!exposure!in!animals!and!humans.!

!

The!chapter!begins!with!an!explanation!of!the!epidemiology!of!MA!in!Australia,!

different!forms!of!MA!and!typical!routes!of!administration,!pharmacokinetics,!

mechanism!of!action,!and!physiological!response.!This!is!followed!by!the!individual!

and!social!consequences!of!MA!use!and!an!explanation!of!MUD!in!the!context!of!the!

dualQsystems!theory.!Following!this!is!greater!detail!around!the!cognitive!domains!

impaired!by!longQterm!MA!exposure!in!experimental!animal!models!and!observational!

human!studies.!This!chapter!also!includes!a!review!of!studies!that!examine!the!

predictive!value!of!cognitive!function!on!substance!dependence!outcomes!in!humans.!

These!outcomes!include!abstinence,!retention,!and!level!of!engagement!with!

treatment.!The!broader!implications!of!MUD!are!also!discussed,!specifically!areas!of!

daily!functioning!that!may!be!impaired!by!cognitive!deficits.!This!chapter!concludes!

with!a!discussion!of!how!the!limitations!of!past!findings!have!informed!the!aims!and!

hypotheses!of!the!current!research.!!!!

!
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1.1.1! ! Epidemiology!of!methamphetamine!in!Australia!

In!Australia,!the!proportion!of!regular!MA!users!has!increased!from!0.74%!

(2009Q10)!to!2.09%!(2013Q14),!while!rates!of!MUD!have!increased!from!0.47%!to!1.24%!

over!the!same!period!(Degenhardt!et!al.,!2016).!Wastewater!analysis!from!2009Q15!

illustrated!a!fivefold!increase!in!MA!use!in!urban!areas!and!a!threefold!increase!in!

rural!areas!(Lai,!O’Brien,!Thair,!Hall,!&!Mueller,!2016),!while!border!detections!have!

increased!from!less!than!200kg!per!year!(2009Q10)!to!over!1400kg!(2012Q13;!Degenhardt!

et!al.,!2017).!In!Australia,!the!prevalence!of!the!crystalline!form!has!recently!increased.!

Of!those!who!use!MA,!the!proportion!using!the!crystalline!form!rose!from!22%!in!2010!

to!57%!in!2016!(Australian!Institute!of!Health!and!Welfare,!2016).!Among!dependent!

users,!59%!primarily!use!the!crystalline!form,!31%!base!and!9%!powder!(McKetin!et!al.,!

2017).!Furthermore,!rates!of!dependence!are!higher!in!those!that!typically!use!the!

crystalline!form!(66%),!compared!to!powder!(56%;!Quinn,!Stoove,!Papanastasiou,!&!

Dietze,!2013).!The!purity!of!crystalline!MA!has!also!increased!(<10%!to!>70%!in!the!

same!period)!and!has!been!accompanied!by!increases!in!treatmentQseeking,!hospital!

admissions,!and!rates!of!psychosis!(Degenhardt!et!al.,!2017;!Ross,!Adams,!&!Beovich,!

2017).!!

!

1.1.2! ! Typical!purchasing!patterns!!

MA!is!usually!purchased!in!units!of!one!‘point’!(one!tenth!of!a!gram),!halfQ

gram,!or!gram!(Nguyen,!Dietze,!&!Lloyd,!2013).!A!typical!dose!ranges!from!0.05!to!0.35!

grams!(Dean,!Groman,!Morales,!&!London,!2013).!Dependent!users!typically!consume!

around!half!a!gram!daily!(Montoya!et!al.,!2016),!using!on!1Q5!occasions!per!day!(Dean!

et!al.,!2013).!In!2013!in!Australia,!the!cost!of!powder!MA!was!approximately!$252!per!
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gram!(purity!of!37%),!while!crystal!MA!was!$795!per!gram!(purity!of!64%;!Scott!et!al.,!

2015).!However,!purchases!are!often!in!smaller!quantities;!one!‘point’!costs!

approximately!$50!(range!$14Q$200)!for!MA!powder!and!$100!(range!$60Q$200)!for!

crystal!MA!(Nguyen!et!al.,!2013).!An!average!purchase!(in!injecting!MA!users)!was!$111!

for!MA!powder!and!$140!for!crystal!MA!(Scott,!Caulkins,!&!Dietze,!2016).!!

!

1.1.3! ! Forms!of!methamphetamine,!routes!of!administration,!

pharmacokinetics!

MA!in!Australia!is!typically!purchased!in!three!forms:!a!lowQpurity!powder!

(white!or!offQwhite!in!colour),!an!oily,!waxy!‘base’!form!(white!to!brown!in!colour),!

and!a!higher!purity!crystalline!form!(‘ice’;!clear!in!colour;!McKetin,!McLaren!&!Kelly,!

2005).!The!crystalline!form!exhibits!the!highest!rates!of!purity!and!can!be!smoked,!

hastening!the!brain’s!absorption!of!the!drug!without!the!risks!associated!with!

injection!(Kish,!2008).!The!route!of!administration!significantly!impacts!the!

pharmacokinetics!of!MA,!as!illustrated!in!Table!1.!Among!dependent!and!nonQ

dependent!users,!rates!of!smoking!MA!have!approximately!doubled!from!2010!to!2013!

(to!~40%),!rates!of!intravenous!use!have!remained!at!similar!rates!(~10%),!while!other!

forms!of!administration!(e.g.!insufflation,!oral)!reduced!from!~70%!to!~50%!in!the!

same!period!(Degenhardt!et!al.,!2017).!Rates!of!injection!are!generally!higher!in!

dependent!users,!a!group!in!which!85%!report!having!injected!at!some!point!(McKetin!

et!al.,!2017).!

!

!

!
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Table!1.!Pharmacokinetic!profiles!of!different!routes!of!administration!in!

methamphetamine!users!(adapted!from!Cruickshank!&!Dyer,!2009).!

Route!! Bioavailability! Plasma!halfQlife!

(hours)!

Minutes!to!peak!

effect!!

Intravenous! 100%! 9.1!±!0.8! <15!

Smoked! 90.3!±!10.4%,!67%! 12!±!1! 18!±!2!

Oral!! 67!±!3%! 9.1! 180!

Insufflated! 79%! 11!±!1! ≤!15!

Cook!et!al.,!(1993);!Harris!et!al.,!(2003);!Newton!et!al.,!(2005);!Shappell,!Kearns,!

Valentine,!Neri,!&!DeJohn,!(1996).!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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1.2! ! Mechanism!of!action!and!physiological!response!

MA!is!a!central!nervous!system!stimulant!that!exerts!influence!on!dopamine,!

serotonin!and!norepinephrine!neurotransmitters.!These!neurotransmitters!function!by!

carrying!signals!from!one!nerve!fibre!to!another.!After!transmission,!the!reuptake!

process!returns!excess!neurotransmitters!to!the!releasing!nerve!fibre.!However,!MA!

triggers!release!of!large!quantities!of!neurotransmitters!and!prevents!their!reuptake,!

resulting!in!an!abnormally!high!concentration!of!neurotransmitters!at!the!receiving!

synapse!(Fleckenstein,!Volz,!Riddle,!Gibb,!&!Hanson,!2007;!Panenka!et!al.,!2013).!

Heightened!concentration!of!these!neurotransmitters!leads!to!increased!physiological!

and!psychological!arousal.!ShortQterm!physiological!symptoms!include!increased!heart!

rate,!blood!pressure,!reduced!appetite,!increased!respiration/perspiration,!while!

psychological!symptoms!can!include!a!sense!of!euphoria,!heightened!attention,!

aggression,!increased!anxiety!and!paranoia!(Cruickshank!&!Dyer,!2009).!The!specific!

function!of!each!impacted!neurotransmitter!is!described!below.!

!

1.2.1! ! Dopamine&

! This!neurotransmitter!is!involved!in!motor!control,!arousal,!motivation!and!

reward!and!is!associated!with!feelings!of!pleasure.!LongQterm!excessive!dopamine!

release!due!to!MA!leads!to!neuroadaptation!and!diminished!dopamine!release!for!

natural!rewards,!resulting!in!reduced!motivation,!low!mood!and!anhedonia!

(Cruickshank!&!Dyer,!2009;!Kalechstein,!Newton,!&!Green,!2003;!Riddle,!Fleckenstein,!

&!Hanson,!2006).!

&
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&

1.2.2! ! Serotonin!

Serotonin!is!central!to!regulating!psychological!constructs!of!mood!and!

aggression,!but!also!physiological!drives!of!sleep,!sexuality!and!appetite.!Individuals!

with!MUD!exhibit!diminished!levels!of!serotonin!in!orbitofrontal!and!occipital!

cortices,!and!experience!dysregulated!sleep,!mood!and!appetite!following!MA!

withdrawal!(Kish!et!al.,!2009;!Scott!et!al.,!2007).!!

&

1.2.3! ! Norepinephrine!

This!neurotransmitter!regulates!wakefulness!and!is!highly!activated!in!

situations!of!stress!(‘fight!or!flight!response’),!increases!arousal!and!alertness,!

promotes!memory!function!but!can!also!precipitate!anxiety!and!restlessness!(Logan,!

2002).!MA!induces!diminished!levels!of!norepinephrine!after!longQterm!use,!and!can!

result!in!memory!problems!and!increased!levels!of!anxiety!(Freye,!2009;!Wang,!Chou,!

Jeng,!Morales,!&!Wang,!2000).!!!

!

!

!

!

!

!

!

!

!
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1.3!!! !!!! Consequences!of!methamphetamine!dependence!

1.3.1& &&&&&& Individual&

LongQterm!exposure!to!MA!is!associated!with!structural!and!functional!damage!

to!the!brain.!Structural!changes!(observed!by!Magnetic!Resonance!Imaging;!MRI)!

include!reduced!white!matter!integrity!(Tobias!et!al.,!2010),!reduced!grey!matter!and!

cortical!thickness!(Harle!et!al.,!2015;!Nakama!et!al.,!2011),!and!diminished!hippocampal!

(Thompson!et!al.,!2004),!ventromedial!prefrontal!cortex!and!insula!(Mackey!&!Paulus,!

2013)!volumes,!reduced!corpus!callosum!integrity!(Kim!et!al.,!2009)!but!increased!

striatal!volumes!(Chang,!Alicata,!Ernst,!&!Volkow,!2007;!Mackey!&!Paulus,!2013).!

Changes!in!metabolite!levels!in!specific!brain!regions!(observed!by!Magnetic!

Resonance!Spectroscopy)!have!also!been!found!in!individuals!with!MUD!(Nordahl!et!

al.,!2005;!Salo!et!al.,!2007)!and!can!reflect!loss!of!neuronal!integrity!(Panenka!et!al.,!

2013).!Functional!changes!have!been!observed!in!individuals!with!MUD!using!

‘functional!MRI’!and!Positron!Emission!Tomography,!where!significantly!higher!levels!

of!microglia!binding!(associated!with!neurodegeneration)!have!been!observed!in!

previous!MA!users!(Sekine!et!al.,!2008),!while!Chung!et!al.!(2010)!found!significantly!

diminished!cerebral!blood!flow!to!all!areas!of!the!brain.!!

!

Individuals!with!MUD!also!experience!a!range!of!physical!complications.!These!

include!significantly!higher!rates!of!heart!disease,!hypertension,!asthma,!and!arthritis!

when!compared!to!a!healthy!sample!(Herbeck,!Brecht,!&!Lovinger,!2015).!Individuals!

with!MUD!are!also!at!risk!of!cardiac!pathology,!with!significantly!higher!rates!of!

coronary!artery!disease!than!healthy!samples,!and!direct!links!between!MA!

intoxication!and!acute!events!(i.e.,!acute!coronary!syndrome,!acute!myocardial!
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infarction,!acute!aortic!dissection,!and!sudden!cardiac!death;!Kaye,!McKetin,!Duflou,!

&!Darke,!2007).!This!group!also!exhibits!significantly!lower!Body!Mass!Index!and!

higher!blood!pressure!than!healthy!controls!(Lv!et!al.,!2016),!substantial!dental!and!

skin!problems,!and!higher!rates!of!hepatitis!and!renal!failure!(Vearrier,!Greenberg,!

Miller,!Okaneku,!&!Haggerty,!2012).!!

!

Individuals!with!MUD!also!experience!high!rates!of!psychological!distress.!

EightyQfour!per!cent!of!MA!users!entering!treatment!have!experienced!either!a!major!

depressive!episode!or!substanceQinduced!depression!over!the!past!year!(McKetin,!

Lubman,!Lee,!Ross,!&!Slade,!2011).!Around!30%!of!individuals!with!MUD!report!an!

anxiety!disorder,!and!a!similar!proportion!report!a!psychotic!disorder!(Salo!et!al.,!2011).!

Indeed,!there!is!a!fiveQfold!greater!risk!of!psychotic!symptoms!emerging!during!active!

MA!use!when!compared!to!periods!of!no!use!(McKetin,!Lubman,!Baker,!Dawe,!&!Ali,!

2013).!

&

1.3.2! ! Social!

Increasing!rates!of!MUD!result!in!a!range!of!societal!and!economic!

consequences.!In!Australia,!approximately!4%!of!those!in!paid!employment!have!used!

MA!over!the!past!year,!with!13.4%!of!users!missing!work!due!to!MA!use,!and!32.9%!

going!to!work!under!the!influence!of!the!drug!(Roche,!Pidd,!Bywood,!&!Freeman,!

2008).!Australian!healthcare!services!are!also!burdened!by!MA!use,!which!is!associated!

with!30,000!to!80,000!psychiatric!admissions!and!30,000!to!151,000!emergency!

departments!visits!annually!(McKetin!et!al.,!2017).!Furthermore,!MAQrelated!deaths!in!

Australia!approximately!doubled!from!2009!(n&=!142)!to!2015!(n&=!280;!Darke,!Kaye,!&!
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Duflou,!2017).!Higher!rates!of!criminal!activity!in!this!population!are!also!associated!

with!a!substantial!societal!impact.!Of!those!who!had!recently!used!the!crystalline!form!

of!MA,!26%!had!committed!property!crime!in!the!last!month,!significantly!higher!than!

the!rate!of!14%!in!other!injecting!drug!users,!while!16%!reported!criminal!activity!as!

their!primary!source!of!income!in!the!past!month,!significantly!higher!than!the!5%!

reported!in!other!injecting!drug!users!(Degenhardt!et!al.,!2008).!Furthermore,!

between!2009!and!2014,!arrests!for!amphetamine!possession!increased!by!1.8%!per!

month,!and!arrests!for!amphetamine!dealing!increased!by!2.1%!per!month!in!a!similar!

period!(Degenhardt!et!al.,!2017).!These!statistics!are!supported!by!estimates!that!

describe!the!annual!financial!impact!on!healthcare!($200!million),!premature!

mortality!($2.36!billion)!crime!and!policing!($3.2!billion),!road!accidents!($125!million)!

and!in!the!workplace!($289!million;!Whetton!et!al.,!2016).!

!

These!findings!suggest!that!in!Australia,!MA!has!an!impact!on!an!individual!

level!(physical!and!psychological!health)!and!at!a!broad!societal!level!(productivity,!

healthcare!and!criminal!activity).!These!consequences!emphasise!the!importance!of!

understanding!potential!drivers!of!MUD!and!factors!in!the!recovery!process.!

!

!

!

!

!

!

!
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1.4! ! Dual!process!models!of!addiction!

The!chronic!nature!of!MUD!can!be!partly!understood!through!the!dual!systems!

model!of!addiction.!This!model!proposes!that!two!cognitive!systems,!the!‘bottomQup’!

rewardQdriven!system!and!the!‘topQdown’!cognitive!control!system,!interact!when!

confronted!with!a!stimulus!that!is!immediately!pleasurable!but!has!detrimental!longQ

term!consequences!(e.g.,!drug!use;!McClure!&!Bickel,!2014).!More!specifically,!

individuals!with!high!levels!of!impulsivity!are!more!likely!to!experience!the!urge!to!use!

a!substance!that!provides!an!immediate!reward,!and!are!less!able!to!regulate!these!

urges!due!to!an!impaired!cognitive!control!system.!!

!

The!‘incentive!sensitisation!theory’!suggests!that!over!time,!the!‘bottomQup’!

system!is!increasingly!triggered!by!drugQrelated!cues!(e.g.,!a!setting!in!which!the!

individual!has!used!a!substance!frequently,!a!low!mood!state;!Robinson!&!Berridge,!

1993).!Desire!and!anticipation!for!the!effects!of!the!drug!(‘wanting’)!increase!while!the!

pleasure!experienced!from!the!effects!of!the!substance!may!diminish!(‘liking’;!Noel,!

Brevers,!&!Bechara,!2013).!Furthermore,!heightened!levels!of!impulsivity!associated!

with!prolonged!drug!use!(Stevens!et!al.,!2014)!increase!the!likelihood!of!acting!on!

these!more!frequent!urges!arising!from!the!‘bottomQup’!system!(Khurana,!Romer,!

Betancourt,!&!Hurt,!2017).!The!process!that!typically!regulates!these!urges!is!known!as!

the!‘topQdown’!system,!where!executive!functions!integrate!current!

stimuli/information!with!achieving!longQterm!goals.!This!occurs!via:!maintaining!and!

updating!relevant!information,!inhibition!of!impulses,!and!shifting!attention!between!

tasks!(Hofmann,!Schmeichel,!&!Baddeley,!2012).!These!functions!are!integrated!with!

emotional/bodily!responses!associated!with!memories,!knowledge!and!cognition!
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(Noel!et!al.,!2013),!to!evaluate!the!short!and!longQterm!benefits!of!a!course!of!action.!

Prolonged!MA!use!results!in!deficits!in!executive!functions!(Dean!et!al.,!2013),!and!may!

therefore!reduce!the!capacity!of!the!‘topQdown’!system!to!integrate!‘bottomQup’!urges!

with!their!longQterm!consequences!(Hofmann,!Friese,!&!Strack,!2009).!In!summary,!

the!dualQsystems!model!suggests!that!substance!dependence!is!associated!with!a!

greater!desire!to!use!substances,!accompanied!with!a!reduced!capacity!to!control!these!

urges.!This!process!is!perpetuated!by!a!positive!feedback!loop!of!substanceQinduced!

cognitive!deficits!(i.e.,!further!consumption!results!in!higher!impulsivity!and!

diminished!control;!Volkow!et!al.,!2010).!

!

1.4.1! ! Neurobiological!underpinnings!!

The!consumption!of!MA!leads!to!large!releases!of!dopamine,!serotonin!and!

norepinephrine,!and!damages!the!systems!that!process!these!neurotransmitters!

(Bickel!et!al.,!2007;!Kish!et!al.,!2009).!Importantly!for!the!dualQsystems!model,!

dopamine!plays!a!substantial!role!in!reward!behaviour,!and!brain!areas!associated!with!

this!neurotransmitter!are!implicated!in!the!‘bottomQup’!reward!system.!High!arousal!

of!the!amygdala!(associated!with!emotional!and!motivational!interpretation!of!sensory!

input)!stimulates!the!reward!system!(striatum,!nucleus!accumbens!(ventral!striatum),!

ventral!pallidum),!leading!to!execution!(and!subsequent!strengthening)!of!the!

rewarding!behaviour!(Noel!et!al.,!2013).!Specifically,!the!nucleus!accumbens!is!

associated!with!the!direct!and!conditioned!reinforcement!of!substance!use,!while!the!

dorsal!striatum!is!associated!with!the!habitQforming/compulsive!components!of!

substance!dependence!(Everitt!&!Robbins,!2005).!!

!
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The!reflective!component!of!the!dualQsystems!model!is!purported!to!involve!the!

frontal!and!parietal!systems!(Bechara,!2005).!Specifically,!the!lateral!prefrontal!cortex!

(and!its!connection!with!the!posterior!parietal!cortex)!is!associated!with!making!

decisions!with!a!longQterm!benefit,!forecasting!future!consequences!and!working!

towards!a!defined!goal!(Bickel!et!al.,!2007;!McClure!&!Bickel,!2014).!Damage!to!the!

ventromedial!prefrontal!cortex!can!result!in!difficulty!incorporating!feedback!into!

future!behaviour!and!can!result!in!behaviour!that!is!reliant!on!input!from!other!brain!

areas!(such!as!the!reward!system;!Bickel!et!al.,!2007).!In!substance!dependence,!

cognitive!control!involves!inhibiting!the!prepotent!response!of!drug!use!(shortQterm!

reward)!in!order!to!engage!in!activities!associated!with!longQterm!benefit!(Salo,!Ursu,!

Buonocore,!Leamon,!&!Carter,!2009).!

!

In!summary,!neurobiological!consequences!of!MUD!include:!diminished!

functioning!and!lower!dopamine!availability!in!the!striatum!(Chang!et!al.,!2007;!

Panenka!et!al.,!2013),!reduced!frontal!cortex!volume!and!diminished!connectivity!with!

the!parietal!cortex!(Oh!et!al.,!2005;!Thompson!et!al.,!2004;!Tobias!et!al.,!2010).!Frontal!

cortex!changes!may!compromise!the!function!of!the!topQdown!system,!while!a!

reduction!in!available!dopamine!in!the!striatum!may!result!in!greater!sensitisation!to!

MA!and!related!cues,!exciting!the!‘bottomQup’!system.!In!this!way,!these!systems!can!

have!a!cyclical!and!reinforcing!relationship,!in!which!larger!amounts!of!MA!use!

further!compromise!topQdown!function!and!increase!bottomQup!activity,!leading!to!

greater!difficulty!in!resisting!MA!consumption.!!

!

!
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1.5! !! Methamphetamine!and!cognitive!function!

Previous!literature!has!established!that!MUD!results!in!structural!and!

functional!changes!to!the!brain,!including!damage!to!the!ventromedial!prefrontal!

cortex!(Mackey!&!Paulus,!2013),!medial!temporal!lobe!(Thompson!et!al.,!2004)!and!

striatum!(Panenka!et!al.,!2013).!These!brain!areas!are!primarily!associated!with!

executive!functioning!processes!and!impulsivity!(Bickel!et!al.,!2007;!McClure!&!Bickel,!

2014).!According!to!the!dualQsystems!model,!damage!in!these!areas!should!result!in!

significant!and!reinforcing!executive!deficits,!specifically!in!cognitive!control!and!

heightened!impulsivity.!Therefore,!the!following!section!explores!the!impact!of!MUD!

on!cognition!in!domains!associated!with!executive!functioning!directly!(i.e.,!working!

memory,!cognitive!control,!impulsivity),!and!those!domains!that!utilise!the!strategic!

or!sequential!processing!associated!with!executive!functioning!(i.e.,!learning!and!

memory,!attentional!function;!Woods!et!al.,!2005;!Willcutt,!Doyle,!Nigg,!Faraone,!&!

Pennington,!2005).!These!deficits!are!first!examined!in!the!context!of!animal!models,!

which!allow!highly!controlled!and!uniform!exposure!to!MA,!and!followed!by!studies!of!

human!participants,!which!shows!the!impact!of!MA!in!a!naturalistic!setting!in!our!

population!of!interest.!To!provide!a!conceptual!map!of!each!cognitive!domain,!Table!2!

shows!the!measures!used!to!assess!different!components!of!cognition!in!animals!and!

humans.!

!

!

!

!

!
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Table&2:&Measures&used&in&animal&and&human&research&to&assess&the&impact&of&methamphetamine&exposure&on&cognition&

Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

Attention' '

Sustained&attention&& Maintaining&
visual&attention&
and&focus&on&a&
stimulus&over&a&
sustained&period&

while&not&
attending&to&or&
responding&to&
irrelevant&

stimuli.&&

Five>choice&
Serial&

Reaction&
Time&(5>

CSRT)&task&
(also&

measures&
impulsive&

action)&

Animals&are&
presented&with&a&

brief&visual&
stimulus&and&

rewarded&with&a&
food&pellet&after&
locating&the&

target&stimulus&
with&a&nose>poke&

response.&&

Omissions&
(failure&to&

respond&in&5s.),&
premature&
(response&

before&target&
stimulus),&
incorrect&

(response&in&

adjacent&hole).&

Continuous&
Performance&
Test>II&(also&
measures&
impulsive&

action)&

Participants&watch&
letters&of&the&alphabet&
appear,&one&at&a&time,&
on&a&computer&screen&
and&are&instructed&to&
press&the&space&bar&
whenever&any&letter,&

except&for&‘X,’&appears.&&

Omission&errors&
(failure&to&press&the&
space&bar&when&

letters&other&than&X&
appear)&and&

commission&errors&
(pressing&the&space&

bar&when&‘X’&

appears).&

& & & & & Trail&making&

Test>&A/B&

In&part&A,&participants&
connect&25&numbers&

randomly&arranged&on&a&
page&in&ascending&order.&
In&part&B,&participants&
connect&25&circled&

numbers&and&letters&in&

alternating&order.&

Time&taken&to&
complete&each&

section.&

& & & & & Rapid&Visual&
Information&

Processing&

Digits&from&2>9&appear&
in&random&order&(100&

digits/min.).&
Participants&press&a&
button&when&they&
observe&a&pre>

determined&sequence.&

Latency&(speed&of&
response),&false&
alarms,&and&

sensitivity.&
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Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

Selective&attention&& The&ability&to&
voluntarily&
control&and&

focus&
attentional&
process&on&

specific&stimuli&
while&

suppressing&
irrelevant&

information.&

& See&cognitive&
flexibility/set>

shifting&tasks&

& Stroop&Colour&
Word&Test&

(also&response&
inhibition)&

Part&1:&naming&
randomised&colour&

names&in&black/white&
(Stroop>word).&Part&2:&

naming&colour&names&in&
non>matching&coloured&
ink&(Stroop>colour).&

Part&3:&naming&colours&
that&words&are&printed&
in,&ignoring&the&word&

(Stroop&colour>word).&&

Reaction&time,&
number&of&

interference&errors,&
number&of&correct&

responses&in&45s.&

& & & & & d2&Test&of&
Attention&

Page&filled&with&‘d’&and&
‘p’&characters&with&one&

or&two&marks&
above/below&each&

character,&participants&
cross&out&any&letter&‘d’&
with&two&marks&above&

or&below&it.&&

Total&number&of&
correctly&marked&‘d’&
letters&minus&the&

number&of&errors.&

& & & & & Attentional&
Network&Task&

Participants&indicate&the&
direction&of&an&arrow&on&
a&screen&which&has&two&
arrows&on&either&side.&
Surrounding&arrows&are&

either&in&the&same&
(congruent)&or&a&

different&(incongruent)&

direction.&

Response&time&and&
error&rate&in&alerting,&

orienting&and&

executive&domains.&
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Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

Impulsivity' ' '

Decision>making&& Decision>making&
ability&in&

situations&and&
conditions&with&

uncertain&

outcome.&

Gambling&Test&
in&the&8&Arm&

Radial&Maze&

Four&choice&arms:&
one&low>risk/low>
return,&one&high>
risk/high>return,&
and&two&empty.&
Low>risk/low>
return&arm,&
87.5%&of&the&time&
results&in&one&
pleasant&food&
pellet,&12.5%&of&
the&time&leads&to&
unpalatable&
pellet.&High&
risk/high&return:&
large&reward&
(more&pellets)&
with&low&

probability.&

&

Proportion&of&
high/low&risk&

arm&selections.&

Two>choice&

prediction&task&

Participants&are&
shown&a&house&on&a&
computer&screen&

with&two&people&on&
either&side&and&

asked&to&predict&on&
which&side&a&car&will&

pick&up&either&
person&(with&no&

predictive&
information).&

Participants&select&
based&on&preceding&

responses&and&
outcomes.&After&
selecting,&the&

participant&is&shown&
the&correct&side.&
Unknown&to&the&

participant,&the&car&
is&presented&in&a&
pre>determined&

order.&&

&

&

&

Response&biases&
(overall&left&versus&
right&selections;&
switching&versus&

staying&on&a&

particular&side).&
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Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

Decision>making&

(cont.)&

Decision>making&
ability&in&

situations&and&
conditions&with&

uncertain&

outcome.&

& & & Iowa&Gambling&

Task&

Participants&make&
100&selections&from&
four&decks&of&cards&
(A,&B,&C&and&D).&
Each&time&a&

participant&selects&a&
card,&they&receive&a&
reward.&However,&
decks&also&result&in&
losses&–&decks&A&and&
B&provide&large&gains&

but&large&losses&
(overall&loss),&while&

decks&C&and&D&
provide&small&gains&
but&small&losses&

(overall&gain).&&

Proportion&of&
selections&from&
‘good&decks’,&
proportion&of&

choices&between&
‘good’&and&‘bad’&

decks.&

& & & & & Balloon&Analog&

Risk&Task&

Participants&pump&
on>screen&balloon&
(value&increases&

$0.25&each&pump)&or&
cash&out&earnings.&
Pumping&either&
increases&balloon&
size&or&causes&

balloon&to&explode&
(current&earnings&

lost).&

Adjusted&average&
number&of&pumps&on&

unexploded&

balloons.&
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Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

Delay&Discounting& The&tendency&to&
discount&the&

value&of&a&reward&
based&on&its&

delay&in&time&

& .& & Delay&Discounting&& Participants&make&
choices&between&an&
amount&of&money&

available&
immediately&or&a&

larger&amount&after&
a&specific&delay&(7,&
30,&90,&180,&or&365&

days).&&

k'value:&a&number&
that&indicates&how&

steeply&value&

degrades&over&time.&

Effort>based&
decision&making&

The&motivation&
and&willingness&
to&expend&effort&
to&obtain&reward&
with&varying&
probabilities&of&
success.&

Effort&
Discounting&

In&T>shaped&
mazes&animals&
choose&either:&a&
‘high&reward’&
condition;&or&a&
‘low&reward’&
condition.&

Wooden&blocks&
of&15>30&cm&

heights&are&used&
to&impede&access&

to&the&high&

reward&arm.&

Proportion&of&
selections&of&

each&condition.&

Effort>Expenditure&
for&Rewards&Task:&

EEfRT&

Participants&choose&
between&two&

options:&a&low>effort&
choice&(small&

reward)&and&a&high>
effort&choice&(larger&

reward).&&High&
effort>task:&100&

button&presses&in&21&
seconds;&low>effort:&
30&button&presses&in&
7&seconds.&12.5%,&
50%&or&87.5%&

chance&of&being&paid&

reward.&

Proportion&of&
easy/hard&selections&
in&low,&medium&and&
high&probability&

conditions.&

Learning'and'Memory' '

Visuospatial&

memory&

Visual&
perception&and&
memory&of&

Novel&

Object/Place&

Recognition&

Animals&recall&
which&of&two&

objects&they&have&

Time&spent&
exploring&novel&

object&or&

Brief&Visuospatial&

Memory&Test&&

6&simple&visual&
designs&presented&in&

3&learning&trials.&&

Immediate&recall,&
delayed&recall,&

recognition&memory.&
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Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

relationships&
between&

objects/spaces.&

previously&been&

exposed&to.&&
location.&

& & Morris&Water&
Maze&&

Animals&in&a&
circular&pool&find&
a&platform&that&

allows&escape.&

Time&to&escape,&
path&length&

and&cumulative&

distance.&

Rey&Complex&
Figure&Test&

Participants&copy&a&
complex&(Rey>

Osterrieth)&figure&by&
hand&and&draw&from&

memory&after&3&

mins.&&

Recognition&
(copying)&and&recall&

(drawing&from&

memory).&

& & Sequential&
Motor&

Learning&

In&Radial&Arm&
Maze,&animals&
are&repeatedly&
presented&with&

the&same&
sequences&of&

door&openings&for&
food&retrieval&and&

are&tested&on&
memory&in&

experimental&

phase.&&

Time&taken&to&
follow&

sequence&
learned&in&

training&phase.&

Paired&Associates&
Learning&Task&

A&computer&screen&
shows&6>8&boxes&
which&are&opened&
one&by&one&in&a&

random&sequence&
revealing&the&

location&of&a&pattern&
(to&be&remembered&
by&the&participant).&
The&number&of&
patterns&increase&
(two,&three,&six,&

eight).&

First&trial&memory&
score;&total&number&

of&trials;&total&

number&of&errors.&

& & Y&Maze&
Spontaneous&
Alternation&

Test&)

A&Y>shaped&maze&
with&three&arms&
at&a&120°&angle&

from&each&other.&
Rodents&explore&

arms.&&

Rate&of&
alternation&
(entry&to&less&

recently&visited&
arm)&is&

measured.&

Groton&Maze&
Learning&Test&

On&a&grid&of&100&
squares&(10&by&10),&
participants&find&a&
path&from&one&

corner&to&another&
with&corrective&

Number&of&errors&
(legal,&perseverative,&

and&‘rule>break’)&
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Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

& feedback,&then&
attempt&to&repeat&

the&path,&making&as&
few&errors&as&

possible.&&

Prospective&
Memory&

The&ability&to&
retrieve&and&
execute&a&

planned&action&
at&an&

appropriate&
moment&in&the&

future.&&

& & & Virtual&Week&
prospective&
memory&task&

Each&circuit&of&the&
computerised&board&
represents&a&day,&
where&lifelike&
activities&must&be&
remembered&(e.g.,&
take&medication).&

Four&categories&of&
responses:&correct,&
little&late,&lot&late,&
and&missed.&

& & & & & Memory&for&
Intentions&

Screening&Test&

Four&time>based&and&
four&event>based&
trials,&where&
participant&is&
engaged&in&a&
distractor&task&(e.g.,&
word&search).&

Number&of&errors:&no&
response,&task&
substitution,&loss&of&
content,&loss&of&time.&

Visual&learning&& The&ability&to&
recall&verbally&
and/or&visually&

presented&
information&

immediately&and&
after&a&short&

delay.&

Visual&
Discrimination&

learning&

Animals&are&
shown&two&
concurrently&

presented&stimuli&
(one&reward&and&

the&other&
punishment)&and&

select&with&

Percentage&of&
correctly&
performed&

trials.&

Repeated&Memory&
Test&

25&words&and&25&
pictures&are&
presented&
individually.&After&10&
minutes,&
participants&recall&
items&presented.&
Recognition&phase:&

Number&of&items&
recalled,&number&of&
items&recognised.&
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Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

nosepoke.& test&words&and&
pictures&as&well&as&25&
distractor&words&and&
pictures.&&

& & & & & The&Map&Memory&
Test&

Participants&study&12&
different&maps&for&
four&minutes,&then&
presented&with&a&
testing&page&(12&
maps,&some&
previously&seen,&
some&unseen).&&

Number&of&correct&
identifications&(seen&
and&unseen&maps).&

& & & & & Picture&Number&
Test&

Sheet&with&21&
common&items,&each&
paired&with&a&two>
digit&number.&
Subsequently,&
participants&
complete&a&test&
sheet&with&items&in&a&
different&order.&

Number&of&correct&
picture>number&
identifications.&

Verbal&learning& The&ability&to&
recall&orally&
presented&
information&

immediately&and&

after&a&delay.&

& & & Hopkins&Verbal&
Learning&

Test/International&
Shopping&List&Task&

Participants&are&read&
12&words.&
Afterwards,&
participants&repeat&
as&many&words&as&
possible.&This&is&
repeated&twice.&&

Recall&for&each&trial,&
total&recall,&
recognition,&delayed&
recall&(25&min.).&
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Cognitive)
Domain))

Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

Verbal&Learning&

(cont.)&

The&ability&to&
recall&orally&
presented&
information&

immediately&and&

after&a&delay.&

& & & California&Verbal&
Learning&Test&

Participants&are&read&
16&words&and&repeat&
back&as&many&words&
as&possible.&This&is&
repeated&four&times.&
Afterwards,&an&
interference&list&of&16&
words&is&presented&
for&one&trial.&
Participants&recall&
the&original&list.&&

Free&recall,&recall&
with&cues,&
recognition&(20&min.&
delay).&

     Selective&
Reminding&Test&

Verbal&presentation&
of&a&12>word&list&over&
12&trials&(participant&
must&recall&after&
each&trial).&Words&
not&recalled&are&re>
presented&on&
subsequent&trials.&&&

Total&recall&(12&
trials),&number&
words&recalled&on&
consecutive&trials,&
number&words&
remembered&on&non>
consecutive&trials,&
items&not&on&list.&

     Rey&Auditory&
Verbal&Learning&

Test&

Participants&read&15>
word&list&(five&trials)&
and&must&recall.&
After,&a&list&of&15&
unrelated&words&is&
read&aloud;&
participant&must&
repeat&the&original&

Recall&(each&trial),&
unrelated&words&
(errors),&similar&
words&(errors),&total&
recall,&learning&rate,&
proactive&
interference,&
forgetting.&
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Operational)
Definition)

Animal)Research) Human)research)

Task)Name) Description)of)
Task)

Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

list&(and&after&30&
mins).&

 
 

 

    Babcock&Story&
Recall&

Participants&read&a&
story&(21>unit&
paragraph).&

Immediate&recall,&
delayed&(20&mins.)&
recall.&

Cognitive'control'        

Working&memory& The&capacity&to&
temporarily&hold&
and&manipulate&

information.&&

Reference&and&
Working&
Memory&

version&of&the&
Radial&Arm&

Maze&

All&8&arms&of&
maze&are&baited,&
the&sequence&of&
arms&entered&is&

measured.&

Number&of&re>
entries&when&
pellet&already&
collected.&

Tic>tac>toe& Participants&shown&
Xs&and&Os&in&a&grid,&
containing&a&low&or&
high&memory&
pattern.&Participants&
indicate&when&the&
patterns&in&
recognition&phase&
matches&patterns&
from&presentation&
phase.&

Number&of&correctly&
recognized&patterns.&

& & Spatial&
Working&
Memory:&
Delayed&

Spatial&Win>
Shift&(SWSh)&
task&–&Radial&

Arm&Maze&

Placement&of&the&
food&pellet&

reward&alternates&
between&the&

training&and&test&
phases&(moves&to&

the&opposite&

arm).&&

Number&of&re>
entries&to&a&
non>reward&
arm&in&test&

phase.&

Missing&Digit&Span& Participants&are&read&
a&string&of&digits,&
followed&by&the&
same&string&that&is&
one&digit&shorter.&
Participants&identify&
missing&digit&from&
the&second&string.&

Longest&set&size&in&
which&at&least&two&
sequences&are&
correct.&
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Animal)Research) Human)research)

Task)Name) Description)of)
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Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
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Working&memory&

(cont.)&

The&capacity&to&
temporarily&hold&
and&manipulate&

information.&

Cincinnati&

Water&Maze&

A&water&maze&
with&nine&

interconnected&
T>intersections&
that&rodents&

must&negotiate&to&
escape.&

Latency&to&
escape,&number&

of&errors.&

Digit&Span/Letter&
Number&

Sequencing&

Participants&read&
string&of&digits&and&
repeat&in&same&
order,&reverse,&or&
sequenced&from&
lowest&to&highest.&
Letter&number&
sequencing,&digits&
from&smallest&to&
largest,&then&letters&
in&alphabetical&
order.&

Digit/Letter&Number&
span&forward,&
backward,&
sequencing&(raw&and&
scaled&scores).&

     Sentence&Span& Sentences&read&
aloud&(4>10&words).&
Two&to&four&
sentences&per&trial.&
After&last&sentence&
in&trial,&participant&
recalls&last&word&in&
each&sentence.&&

Longest&set&in&which&
participant&
remembered&last&
word&correctly&on&at&
least&two&trials.&

     Paced&Auditory&
Serial&Addition&

Task&

One&digit&read&aloud&
every&3&seconds.&
Participant&adds&
each&new&digit&to&
the&immediately&
preceding&digit.&

Proportion&of&correct&
answers.&
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Animal)Research) Human)research)

Task)Name) Description)of)
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Outcome)
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Task)Name) Description)of)Task) Outcome)
measure(s))

Working&memory&

(cont.)&

The&capacity&to&
temporarily&hold&
and&manipulate&

information.&

& & & Spatial&working&
memory&task&

Four,&six&or&eight&
boxes&appear&on&
screen,&participants&
touch&each&box&until&
the&blue&counter&is&
revealed&(the&aim&is&
to&fill&a&column&with&
blue&counters).&

Number&of&returns&
to&a&box&already&
sampled.&

& & & & & Delayed&match&to&
sample&task&

Participants&must&
choose&the&correct&
stimulus&from&four&
that&were&presented&
0,&4,&or&12s&
previously.&

Percent&correct&
under&each&
condition.&

& & & & & Tower&of&London&
Task/Stockings&of&

Cambridge&

Configurations&of&
different&coloured&
beads&on&three&pegs&
are&presented&(one&
configuration&on&
each&half).&
Participants&
transform&the&start&
state&(left&half)&to&
the&goal&state&(right&
half).&Tasks&must&be&
solved&in&three&to&
seven&moves.&

Total&correct;&total&
errors;&total&moves;&
time&until&first&move;&
time&from&first&move&
to&completion.&
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Animal)Research) Human)research)

Task)Name) Description)of)
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Outcome)
measure(s))

Task)Name) Description)of)Task) Outcome)
measure(s))

Working&memory&

(cont.)&

The&capacity&to&
temporarily&hold&
and&manipulate&

information. 

   Halstead&Category&
Test&

Participants&select&a&
number&between&1&
and&4&for&each&on>
screen&stimulus&and&
receive&corrective&
feedback.&
Participants&must&
determine&the&
concept&or&principle&
that&connects&the&
figures/numbers.&

Number&of&errors.&

     Global/Local&figure&
task&

Participants&shown&a&
cue&of&a&small&or&
large&figure.&400ms&
later,&a&geometric&
figure&is&presented&
consisting&of&a&
global&figure&(square&
or&rectangle)&
composed&of&smaller&
local&figures&
(squares&or&
rectangles).&
Participants&indicate&
which&shape&is&
associated&with&the&
cue&provided&(global&
or&local).&

Median&reaction&
time,&percentage&
errors&cue&
alternation,&
percentage&errors&
cue&repetition.&
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Response&
inhibition/&

Inhibitory&control&

Ability&to&
voluntarily&
inhibit&or&
control&

prepotent&
attentional&or&
behavioural&
responses&no&

longer&required.&

Discrimination&
reversal&

learning&&

Animals&
presented&with&

two&visual&stimuli&
(one&reward&and&

one&
punishment).&In&
reversal&trials,&
reward&and&
punishment&

contingencies&are&

reversed. 

Percentage&of&
correct&trials.&

Hayling&Sentence&
Completion&Test>B&

Participants&must&
complete&a&sentence&
with&a&word&missing&
at&the&end&(section&
A:&must&be&
congruent,&section&
B:&must&be&
incongruent).&

Response&latency,&
number&of&errors.&

  Attentional&set&
shifting&tasks&

Access&to&two&
bowls&(one&baited&

with&food&
reward), four&

discovery&trials,&
followed&by&
learning&

discrimination&
phases:&scent,&
reversal,&intra>
dimensional&and&

extra>
dimensional&

shifts. 

Number&trials&
to&criterion,&
number&of&
errors&in&
reaching&
criterion.&

Stop&signal&task& The&participant&is&
presented&with&a&
targeted&stimulus,&
(e.g.&letter&“O”&or&
“X”)&and&must&
respond&as&fast&as&
possible&with&button&
presses.&If&a&‘stop&
signal’&tone&follows&
the&target&stimulus,&
participants&inhibit&
their&response.&This&
signal&occurs&at&a&
variable&delay&after&
the&target&stimulus.&&

&

Reaction&time&to&go&
signal,&reaction&time&
to&stop&signal&
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Response&
inhibition/&

Inhibitory&control&

(cont.)&

Ability&to&
voluntarily&
inhibit&or&
control&

prepotent&
attentional&or&
behavioural&
responses&no&

longer&required.&

Go/no>go&

procedure&

Animals&are&
trained&to&press&a&
lever&for&a&food&

reward&in&
response&to&a&‘Go’&
signal&(a&rapid&

flash&of&light)&and&
to&not&press&the&
lever&in&response&

to&a&‘No>Go’&
signal&(slower&
light&flash).&
Correct&

responses&result&

in&a&food&reward.&&

Commission&
errors,&

omission&
errors,&number&
of&correct&go>
trials,&reaction&
time&in&go>

trials.&

Go/no>go&task& Participants&perform&
an&action&(e.g.,&
button&presses)&
when&presented&
with&certain&stimuli&
(i.e.,&X&and&Y)&that&
differ&from&the&
preceding&stimulus&
(i.e.,&XY&or&YX)&on&
the&computer&
screen.&Participants&
inhibit&that&action&
under&a&different&set&
of&stimuli&(i.e.,&XX&or&
YY).&&

Commission&errors,&
omission&errors,&
number&of&correct&
go>trials,&reaction&
time&in&go>trials.&

&

&

&

&

&

&
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1.5.1$ $ Animal$studies$

This%review%begins%with%studies%of%animals%in%which%the%level%of%drug%exposure%

can%be%directly%manipulated,%resulting%in%uniform%levels%of%exposure%across%animals%

and%minimal%variation%in%other%characteristics%that%might%influence%cognition%(e.g.,%

history%of%MA%use/exposure%to%other%drugs,%mental%or%physical%illnesses).%Animals%are%

typically%exposed%to%either%a%binge%dose%(a%small%number%of%large%exposures)%or%an%

escalating%dose%(dosages%increasing%gradually%over%a%longer%period,%either%self%or%

experimenter%administered).%These%exposures%are%intended%to%mirror%the%different%

forms%of%use%in%humans.%It%is%estimated%that%users%typically%take%doses%of%between%0.60%

and%3.5%mg/kg%per%administration%(Dean%et%al.,%2013),%however%a%“binge%and%crash”%

pattern%of%use%is%common,%where%an%escalating%binge%dose%is%used%for%a%number%of%days%

(Cretzmeyer,%Sarrazin,%Huber,%Block,%&%Hall,%2003).%It%is%therefore%difficult%for%animal%

studies%to%accurately%model%human%usage%patterns.%However,%the%following%collection%

of%studies%are%examined%in%the%context%of%volume%and%length%of%exposure,%and%time%

prior%to%cognitive%testing,%to%determine%how%broadly%each%domain%is%impaired.%

%

1.5.1.1$ $ Learning$and$memory$

Recognition%memory%appears%to%be%significantly%impaired%in%two%domains,%

novel%object%and%novel%odour%recognition.%In%novel%object%recognition,%length%of%time%

spent%exploring%a%nonSfamiliar%object%was%impaired%in%MA%exposed%rodents%in%thirteen%

studies%(Belcher,%Feinstein,%O’Dell,%&%Marshall,%2008;%Belcher,%O’Dell%&%Marshall,%2005;%

Herring,%Schaefer,%Gudelsky,%Vorhees,%&%Williams%2008;%Janetsian,%Linsenbadt,%&%

Lapish,%2015;%Kamei%et%al.,%2006;%Le%Cozannet,%Markou,%&%Kuczenski,%2013;%Melo%et%al.,%

2012;%North%et%al.,%2013;%Reichel,%Ramsey,%Schwendt,%McGinty,%&%See,%2012;%Reichel,%
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Schwendt,%McGinty,%Olive,%and%See,%2011;%Rogers,%De%Santis%&%See,%2008;%Siegel,%Craytor%

&%Raber,%2010;%Thanos%et%al.,%2016).%Novel%odour%recognition%is%assessed%by%exploration%

of%a%bead%containing%an%odour%from%an%unfamiliar%cage;%in%one%study,%exposed%rats%

showed%significantly%lower%preference%to%the%novel%odour%when%compared%to%controls%

(O’Dell,%Feinberg,%&%Marshall,%2011).%The%majority%of%these%studies%utilised%a%binge%

regimen%for%periods%of%up%to%ten%days%and%tested%cognitive%functions%within%the%

following%week.%However,%deficits%were%also%observed%in%rodents%subjected%to%a%longer%

binge%regime%(daily%doses%for%16%weeks;%Thanos%et%al.,%2016).%In%selfSadministration%

protocols,%rodents%had%short%access%to%MA%(one%to%two%hours)%for%7S10%days,%followed%

by%14%days%of%long%access%(6%hours),%and%exhibited%significant%deficits%one%to%two%weeks%

after%cessation%of%MA%access%(Reichel%et%al.,%2011;%Rogers%et%al.,%2008).%However,%

significant%deficits%were%not%observed%when%a%short%access%regime%was%maintained%for%

the%entire%three%weeks%(Rogers%et%al.,%2008),%suggesting%that%when%access%to%(and%

therefore%quantity%consumed)%is%restricted,%fewer%deficits%may%be%observed.%%%

%

Sequential%motor%learning%(learning%a%sequence%of%movements%to%receive%a%food%

reward)%was%also%significantly%impaired%in%MA%exposed%rodents%in%two%studies%with%

identical%protocols%(10mg/kg%every%two%hours%for%eight%hours,%tested%three%weeks%later;%

Chapman,%Hanson,%Kesner,%&%Keefe,%2001;%Daberkow,%Kesner,%&%Keefe,%2005).%Spatial%

memory%(time/route%taken%in%navigating%a%maze)%was%also%significantly%impaired%in%

four%studies%(Bigdeli,%Asia,%MiladiSGorji,%&%Fadaei,%2015;%North%et%al.,%2013;%Simoes%et%al.,%

2007;%Vorhees%et%al.,%2009).%This%included%a%moderate%dose%(2%mg/kg%daily%for%five%

days)%that%persisted%after%a%30Sday%withdrawal%period%(Bigdeli%et%al.,%2015),%while%

deficits%persisted%for%over%two%months%in%Vorhees%and%colleagues’%(2009)%study.%Spatial%
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memory%was%also%significantly%impaired%in%MASexposed%rodents%following%a%single,%

very%high%dose%(30%mg/kg),%but%not%when%exposed%to%an%escalating%dose%(increasing%

from%5S30%mg/kg%over%one%week;%Simoes%et%al.,%2007).%However,%the%study%included%a%

very%small%sample%(n"=%4%in%each%group)%and%rodents%were%tested%one%day%after%their%

last%exposure,%which%could%result%in%some%residual%cognitive%effects.%These%findings%

provide%some%evidence%for%persistent%spatial%learning%deficits%at%a%range%of%dosages,%

however,%more%studies%(utilising%larger%samples)%are%required%to%reinforce%these%

findings.%%%

%

One%study%found%significant%impairment%in%longSterm%memory%(time%spent%

interacting%with%familiar%objects%after%a%delay;%Janetsian%et%al.,%2015;%5mg/kg%every%

second%day%for%two%weeks).%These%deficits%were%observed%acutely%(1%day%following%

cessation)%and%over%a%longer%time%period%(30%days).%A%single%study%also%identified%

significant%deficits%in%visual%discrimination%learning%in%rodents%(distinguishing%images%

associated%with%reward/punishment%using%noseSpoke;%Ye,%Pozos,%Phillips,%&%Izquierdo,%

2014).%However,%in%a%study%of%nonShuman%primates,%Kangas%and%Bergman%(2016)%found%

that%although%daily%administration%of%MA%slowed%the%development%of%discrimination%

learning,%these%deficits%did%not%persist%once%administration%was%discontinued.%%

%

There%is%substantial%evidence%for%the%existence%of%impairment%in%recognition%

memory%in%early%recovery,%across%a%range%of%dosages,%and%binge%and%selfSadministration%

protocols.%Furthermore,%the%preliminary%evidence%(four%studies)%regarding%spatial%

learning%is%indicative%of%a%deficit%that%persists%for%over%one%month,%and%that%binge%

exposure%to%MA%may%confer%a%greater%risk%of%deficits%than%an%escalating%dose,%however%
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further%wellScontrolled%research%is%required.%In%other%domains,%evidence%is%limited.%The%

two%studies%supporting%sequential%motor%learning%and%the%single%studies%supporting%

deficits%in%longSterm%memory%and%visual%discrimination%learning%remain%to%be%

replicated%and%expanded,%while%one%study%of%primates%did%not%support%a%deficit%in%

discrimination%learning.%

%

1.5.1.2$ $ Attention$and$working$memory$

Five%studies%have%examined%whether%rodents%exposed%to%MA%experience%

significant%deficits%in%attention%and%working%memory.%One%study%found%that%sustained%

visual%attention%(responding%to%a%stimulus%to%receive%food)%was%significantly%poorer%in%

animals%that%selfSadministered%MA%when%compared%with%animals%that%received%saline%

(Dalley%et%al.,%2007).%Significant%deficits%in%working%memory%have%been%observed%in%

four%studies%of%rodents%(Braren,%Drapala,%Tulloch,%&%Serrano,%2014;%Herring%et%al.,%2008;%

Mizoguchi%et%al.,%2011;%Vorhees%et%al.,%2009).%Impairments%were%observed%in%the%first%

two%weeks%(Mizoguchi%et%al.,%2011),%second%two%weeks%(Herring%et%al.,%2008),%fifth%week%

(Braren%et%al.,%2014),%and%seven%to%eight%weeks%(Vorhees%et%al.,%2009)%post%exposure.%

These%studies%included%different%levels%of%binge%dosing:%from%10%mg/kg%(Herring%et%al.,%

2008;%Vorhees%et%al.,%2009)%to%30%mg/kg%(Braren%et%al.,%2014).%Different%forms%of%

administration%were%also%explored%within%single%studies.%One%study%compared%different%

levels%of%binge%dosing%(10%and%25%mg/kg)%between%groups%and%found%both%were%

significantly%impaired%when%compared%to%the%control%group%(Vorhees%et%al.,%2009).%A%

binge%and%consistent%low%dose%were%compared%in%another%study%(10mg/kg%every%two%

hours%or%24%doses%at%1.67%mg/kg%every%15%minutes);%both%MA%groups%were%significantly%
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impaired%when%compared%to%the%control%group%but%did%not%differ%significantly%from%

each%other%(Herring%et%al.,%2008).%%

Evidence%for%impairment%in%attentional%function%requires%further%research.%

However,%studies%of%working%memory%problems%suggest%deficits%in%early%periods%

following%the%cessation%of%an%MA%binge%dose,%while%there%is%evidence%from%one%study%

that%indicates%similar%impairments%even%when%exposed%to%a%low,%consistent%dose.%

%

1.5.1.3$ $ Cognitive$control%

Reversal%learning%in%animals%measures%the%ability%to%cease%and%reverse%ongoing%

rewardSrelated%behaviour,%and%reflects%cognitive%control%(Kehagia,%Murray,%&%Robbins,%

2010).%Reversal%learning%is%directly%measured%with%leverSpressing%or%chamber%selection%

for%reward,%and%was%significantly%impaired%in%seven%studies%of%MA%exposed%rodents%

(Cheng,%Etchegaray,%&%Meck,%2007;%Cox%et%al.,%2016;%Izquierdo%et%al.,%2010;%Kosheleff,%

Rodriguez,%O’Dell,%Marshall,%&%Izquierdo,%2012;%Son,%Kuhn,%&%Keefe,%2013;%Stolyarova,%

O’Dell,%Marshall,%&%Izquierdo,%2014;%Ye%et%al.,%2014)%and%one%study%of%nonShuman%

primates%(Groman%et%al.,%2012).%Similarly,%setSshifting,%the%ability%to%adapt%to%changing%

reward%contingencies,%was%significantly%impaired%in%MASexposed%rodents%in%two%

studies%(Izquierdo%et%al.,%2010;%Parsegian,%Glen,%Lavin,%&%See,%2011),%however%one%study%

did%not%find%a%significant%difference%(Cox%et%al.,%2016).%%Across%these%studies,%deficits%

were%observed%shortly%after%exposure%(Cheng%et%al.,%2007),%in%early%abstinence%(3S5%days;%

Cox%et%al.,%2016;%Kosheleff%et%al.,%2012;%Stolyarova%et%al.,%2014;%Ye%et%al.,%2014)%and%around%

three%weeks%after%last%exposure%(Izquierdo%et%al.,%2010;%Son%et%al.,%2013).%Binge%doses%

ranged%from%2mg/kg%(Izquierdo%et%al.,%2010)%to%10mg/kg%(Son%et%al.,%2013),%while%four%

studies%utilised%an%escalating%dose%protocol%(Cox%et%al,%2016;%Kosheleff%et%al.,%2012;%
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Stolyarova%et%al.,%2014;%Ye%et%al.,%2014).%When%directly%comparing%escalating%dose%and%

binge%protocols,%one%study%found%that%both%groups%were%significantly%impaired%when%

compared%to%the%control%group%(Stolyarova%et%al.,%2014),%while%another%found%

significant%deficits%in%a%group%exposed%to%a%single%large%dose%but%not%in%the%escalating%

dose%group%(Kosheleff%et%al.,%2012).%Although%further%research%will%more%clearly%

elucidate%precise%differences%in%dosage,%these%findings%provide%evidence%for%cognitive%

control%deficits%across%binge%and%escalating%dose%protocols%that%persist%for%at%least%

three%weeks.%%%%%

$

1.5.1.4$ $ Decision>making/impulsivity$

DecisionSmaking%measures%the%evaluation%of%high%and%low%risk%options%

associated%with%food%rewards%and%has%been%examined%in%five%studies%(Kosheleff%et%al.,%

2012;%Mizoguchi%et%al.,%2015;%Richards,%Sabol,%&%de%Wit,%1999;%Stolyarova,%Thompson,%

Barrientos,%&%Izquierdo,%2015;%Thompson%et%al.,%2017).%Rodents%exposed%to%an%extended%

binge%dose%of%MA%exhibit%a%significantly%greater%preference%for%high%riskShigh%reward%

options%when%compared%to%controls%(Mizoguchi%et%al.,%2015),%and%show%a%greater%

tendency%to%select%smaller%rewards%sooner%rather%than%wait%for%a%larger%reward%

(Richards%et%al.,%1999).%When%exposed%to%an%escalating%dose%protocol,%rodents%do%not%

show%any%change%in%proportion%of%high%reward%decisions,%but%do%increase%selection%of%

moderate%reward%choices,%with%an%accompanying%decrease%in%low%reward%selections%

(Stolyarova%et%al.,%2015).%%However,%willingness%to%exert%effort%for%a%preferred%reward%

significantly%diminishes%in%both%escalating%dose%(Thompson%et%al.,%2017)%and%binge%

(Kosheleff%et%al.,%2012)%protocols.%MASexposed%rodents%also%exhibit%significantly%greater%

difficulty%inhibiting%rewardSrelated%responses%(impulsive%action),%showing%significantly%
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higher%rates%of%premature%responding%than%controls%(Dalley%et%al.,%2007).%Collectively,%

although%further%evidence%is%required%for%both%escalating%and%binge%dose%protocols,%

MASexposed%rodents%appear%to%show%a%preference%for%greater%rewards,%a%reduced%

willingness%to%wait%for%rewards,%and%may%have%difficulty%with%the%inhibition%of%

impulsive%behaviour.%%

%

Interim(conclusion(

Table%3%summarises%the%key%findings%of%each%study.%Animal%studies%provide%

direct%links%between%specific%levels%of%substance%exposure%and%cognitive%outcomes%due%

to%the%stringent%control%of%extraneous%variables.%There%is%consistent%evidence%to%

support%significant%MASrelated%deficits%in%recognition%memory,%working%memory%

(binge%dose),%cognitive%control%and%impulsivity.%Each%of%these%domains%is%strongly%

influenced%by%executive%dysfunction.%Recognition%memory%involves%strategic%executive%

recall%processes%(Woods%et%al.,%2005),%while%working%memory,%cognitive%control%and%

impulsivity%are%interlinked%with%executive%process%functions%(McClure%&%Bickel,%2014).%

These%findings%suggest%that%cognitive%deficits%associated%with%MA%exposure,%even%for%

short%periods,%can%result%in%dysregulation%of%the%executive%system%in%animals.%To%

elaborate%on%these%findings,%it%is%important%to%determine%the%nature%of%cognitive%

deficits%in%MASdependent%humans.%The%following%section%explores%cognitive%deficits%in%

crossSsectional%studies%of%MASdependent%human%participants,%compared%with%nonS

using%controls.%
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Table&3.&Summary&of&design,&sample&size&and&domains&assessed&in&studies&of&methamphetamine&exposure&in&animals&

Authors( Design((all(compared(to(
saline)(

Sample(size( Cognitive(domains(assessed(!

Belcher&et&al.,&(2008)& Experiment&1:&Escalating&dose:&

.1mg/kg&injections&increasing&

every&3h&up&to&4&mg/kg.&Binge:&

4mg/kg&

Experiment&2:&Binge:&1,&2,&3,&or&4&

mg/kg&

E1:&ED+Binge&(n"=&13)&
Saline+Binge&(n"=&12)&
Binge&only&(n&=&14)&
Saline&(n"=&11)&
E2:&1mg/kg&(n"=&11)&
2mg/kg&(n"=&14)&
3mg/kg&(n"=&24)&
4mg/kg&(n"=&27)&
Saline&(n"=&40)&

E1:&Novel&object&recognition*&

(Saline+Binge&and&Binge&only&groups)&

E2:&Novel&object&recognition*&(impaired&in&

2,&3,&4&mg/kg&groups,&dosePdependent)&&

Belcher&et&al.,&(2005)& 4mg/kg&x&4&injections/2h& MA&(n"=&15)&
Control&(n"=&13)&

Novel&object&recognition*&&

Bigdeli&et&al.,&(2015)& 2mg/kg&daily,&5&days& Four&groups:&2&x&MA,&2&x&

Control&(n&=&9P10&each&
group)&

Spatial&memory*&&

&

Braren&et&al.,&(2014)& 30mg/kg&twice,&one&week&apart& MA&(n"=&4)&
Control&(n"=&4)&

Working&memory*&&

&&

Chapman&et&al.,&(2001)& 5.0,&7.5,&or&10&mg/kg&/2h&for&8h& MA&5.0&(n"=10)&
MA&7.5&(n"=&8)&
MA&10&(n"=&10)&
Control&(n"=&10)&

Sequential&motor&learning&

Cheng&et&al.,&(2007)& 3mg/kg&x&4&injections/2h& MA&(n"=&8)&
Control&(n"=&7)&

Reversal&learning*&&

LongPterm&memory*&

Cox&et&al.,&(2016)& SelfPadmin:&.06mg/kg&6h,&14&days&& n"=&19P23&per&group& Visual&discrimination&recall&&

SetPshifting&&

Reversal&learning*&&

Daberkow&et&al.,&(2005)& 10mg/kg&x&4&injections/2h& MA&(n"=&11)& Sequential&motor&learning*&&
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Authors( Design((all(compared(to(
saline)(

Sample(size( Cognitive(domains(assessed(!

Control&(n"=&6)&
Dalley&et&al.,&(2007)& SelfPadmin:&(.02mg&dose)&–&1&

hour&access&(days&1P7)&6&hours&

access&(days&8P21)&

MA&(n"=&10)&
Control&(n"=&9)&

Impulsivity*&&

Sustained&visual&attention*&&

Groman&et&al.,&(2012)& Escalating&dose:&.25P1.0&ml/kg&

over&31&days&

MA&(n"=&7)&
Control&(n"=&7)&

Reversal&learning*&(significantly&impaired&

at&week&3&of&dosing,&no&difference&five&days&

after&cessation&of&dosing)&&

Herring&et&al.,&(2008)& 10mg/kg&x&4&injections/2h&or&

1.67mg/kg&x&24&injections/15min&

MA&(10mg/kg;&n"=&19)&
Control&(n"=&19)&
MA&(1.67mg/kg;&n"=&20)&
Control&(n"=&20)&

Novel&object&recognition*&&

Path&integration&learning*&

Spatial&learning&&

&

Izquierdo&et&al.,&(2010)& 2mg/kg&x&4&injections/2h& Experiment&1:&MA&(n"=&7)&
Control&(n"=&5)&
Experiment&2:&MA&(n"=&9)&
Control&(n"=&7)&

E1:&Reversal&learning*&

E2:&Set&shifting*&&

Janetsian&et&al.,&(2015)& 5mg/kg&dose&every&second&day&

for&14&days&

MA&(n"=&20)&
Control&(n"=&17)&

Object&memory*&(Day&1&abstinence)&

Novel&object&recognition*&(Day&1&

abstinence)&

Object&memory*&(Day&30&abstinence)&

Novel&object&recognition&(Day&30&

abstinence)&

Kamei&et&al.,&(2006)& 1mg/kg&daily&for&seven&days& MA&(n"=&24)&
Control&(n"=&24)&

Novel&object&recognition*&&

Kangas&&&Bergman,&

(2016)&

SelfPadmin.:&.0032P.1&mg/kg&2h&

for&30&days&

MA&(n"=&4)&
Control&(n"=&4)&

Discrimination&learning*&&

Reversal&learning&&

Kosheleff&et&al.,&(2012)& Single&dose:&6mg/kg&

Escalating&dose:&4&weeks,&

increasing&by&.3mg/kg&daily&

MA&(n"=&9)&
Control&(n"=&6)&

Reversal&learning*&

&
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Authors( Design((all(compared(to(
saline)(

Sample(size( Cognitive(domains(assessed(!

(culminating&in&6mg/kg)&

Le&Cozannet&et&al.,&(2013)& Limited&access:&.05mg/kg&1h&daily&

Extended&access:&.05mg/kg&1h/5&

days,&3h&5&days,&12h&20&days.&Two&

days&rest&between&

MA&limited&access&(n&=&12)&

MA&extended&access&(n&=&

15)&

Control&(n&=&20)&

Novel&object&recognition*&(extended&

access&group&impaired)&

Melo&et&al.,&(2012)& 5mg/kg&every&2h&for&6h.&Daily&for&

ten&days&

n"=&44&in&four&groups,&MA,&

MA&agePmatched,&12&

months&old,&20&months&

old&

Novel&object&recognition*&&

Mizoguchi&et&al.,&(2011)& 4mg/kg&dose&daily&for&seven&days& MA&(n"=&11P14)&
Control&(n"=&11P14)&

Spatial&learning*&&

Mizoguchi&et&al.,&(2015)& 4mg/kg&dose&daily&for&30&days& MA&(n"=&3P4)&
Control&(n"=&3P4)&

Impulsivity*&

North&et&al.,&(2013)& 24mg/kg&dose&daily&for&14&days& MA&(n"=&8)&
Control&(n"=&8)&

Novel&object&recognition&&

Spatial&recognition&memory*&

O’Dell&et&al.,&(2011)& 4mg/kg&x&4&injections/2h& MA&(n"=&20)&
Control&(n"=&20)&

Novel&odour&recognition*&

Parsegian&et&al.,&(2011)& SelfPadmin:&(.02mg&dose)&–&1&

hour&access&(days&1P7)&6&hours&

access&(days&8P21)&

n"=&~130&(MA&and&control)& SetPshifting*&&

Reichel&et&al.,&(2012)& Experiment&1:&4x4mg/kg&per&2h&

Experiment&2:&selfPadmin:&.02mg&

infusion,&7&days&1h&daily,&14&days&

6h&daily&

E1&n"=&21&total&
E2&n"=&24&total&

Novel&object&recognition&(both&groups)*&

Reichel&et&al.,&(2011)& SelfPadmin:&(.02mg&dose)&–&1&

hour&access&(days&1P7),&6&hours&

access&(days&8P21)&

MA&(n"=&21)&Control&(n"=&
21)&

Novel&object&recognition*&

Richards&et&al.,&(1999)& Acute:&0.5,&1,&2,&4mg/kg&30&mins& MA&(n"=&19)&–& Impulsivity*&
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Authors( Design((all(compared(to(
saline)(

Sample(size( Cognitive(domains(assessed(!

before&testing&

Chronic:&4mg/kg&daily&for&14&days&

counterbalanced&order&

Rogers&et&al.,&(2008)& SelfPadmin.:&(.02mg&dose)&–&

Group&1:&1&hours&of&access&(24&

days).&Group&2:&2&hours&access&

(24&days).&Group&3:&1P2&hours&of&

access&(days&1P10)&followed&by&14&

days&of&6Phour&access&

Group&1:&n&=&6,&Group&2:&n"
=&8,&Group&3:&n"=&11,&
Control:&n"=&6&

Novel&object&recognition*&(Group&3)&

Siegel&et&al.,&(2010)& 5mg/kg&injection&daily&for&10&

days&

MA&(n"=&44)&
Control&(n"=&40)&

Novel&object&recognition&*&

Novel&location&recognition*&(female&mice)&

Simoes&et&al.,&(2007)& 7&days&of&increasing&doses&in&

mg/kg&(10,&15,&15,&20,&20,&25,&30)&

compared&to&single&dose&

(30mg/kg)&&

MA&escalating&(n"=&4),&MA&

single&dose&(n"=&4),&
Control&(n"=&4)&

Spatial&memory*&(single&dose)&

Son&et&al.,&(2013)& 10mg/kg&x&4&injections/2h& MA&(n"=&16)&
Control&(n"=&17)&

Impulsivity*&P&perseverative&

Stolyarova&et&al.,&(2014)& All&subjects:&1ml/kg&5&times&per&

week&for&4&weeks&

Group&1:&.3mg/kg&increments&

daily,&culminating&in&6mg/kg&

Group&2:&single&dose&of&6mg/kg&

on&last&day&treatment&

Group&3:&Saline&

Group&1&(n"=&9)&
Group&2&(n"=&6)&
Group&3&(n"=&6)&

Reversal&learning*&

Stolyarova&et&al.,&(2015)& .3mg/kg&increments,&culminating&

in&6mg/kg,&once&daily,&5&times&

per&week&for&4&weeks&

MA&(n"=&6)&
Control&(n"=&6)&

Impulsivity*&

Thanos&et&al.,&(2016)& Injections&daily&for&16&weeks.&&

High&dose:&8mg/kg&&

High&dose&(n"=&14)&
Low&dose&(n"=&16)&

Novel&object&recognition*&(High&dose&

compared&to&control)&
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Authors( Design((all(compared(to(
saline)(

Sample(size( Cognitive(domains(assessed(!

Low&dose:&4mg/kg&& Control&(n"=&14)&
Thompson&et&al.,&(2017)& .1mg/kg&increments,&culminating&

in&4mg/kg&x&3&daily&injections&for&

14&days&

MA&(n"=&16)&
Control&(n"=&16)&

Impulsivity*&

Vorhees&et&al.,&(2009)& 10mg/kg&x&4&injections/2h&

compared&to&25mg/kg&x&4&

injections/2h&or&saline&–&three&

different&times&(postnatal&days&1P

10,&6P15,&11P20)&

1P10&(Control&n"=&42,&MA10&

n"=&40,&MA25&n"=&25),&6P15&
(Control&n"=&41,&MA10&n"=&
40,&MA25&n"=&60),&11P20&
(Control&n"=&38,&MA10&n"=&
38,&MA25&n"=&61)&

Reversal&learning*&(all&MA&groups)&

Path&integration&learning*&(6P15,&11P20)&

Ye&et&al.,&(2014)& .3mg/kg&increments&for&10&days&

(ultimately&3mg/kg)&

MA&(n"=&10)&
Control&(n"=&8)&

Visual&discrimination&learning*&&

Reversal&learning*&&

Note:"*&denotes&a&significant&difference&between&MA&exposed&and&control&groups&

N
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1.5.2% %% Human%studies%!

While!it!is!not!possible!to!stringently!control!drug!exposure!conditions!in!

human!studies,!the!following!studies!provide!insight!into!MUD!in!a!naturalistic!

setting!over!an!extended!period!of!time.!This!section!critically!analyses!the!evidence!

for!the!impact!of!MUD!on!cognition,!describing!the!volume!of!evidence!and!factors!

that!might!contribute!to!the!level!of!deficit!observed!(e.g.,!length!of!abstinence).!

Findings!for!each!domain!are!described!and!collectively!integrated!with!the!dualB

systems!model,!providing!a!summary!of!direct!and!theoretical!evidence!that!links!

MUD!and!cognitive!deficits.!

%

1.5.2.1% % Learning%&%Memory!

There!is!strong!evidence!for!deficits!in!verbal!memory!in!six!studies!of!

individuals!with!MUD!(Cherner!et!al.,!2010;!Gonzalez!et!al.,!2004;!Hoffman!et!al.,!

2006;!Johanson!et!al.,!2006;!Kalechstein!et!al.,!2003;!Woods!et!al.,!2005).!These!deficits!

are!observed!in!samples!with!short!(5B14!days;!Kalechstein!et!al.,!2003),!or!long!and!

highly!variable!periods!of!abstinence!(three!months!to!18!years;!Johanson!et!al.,!2006).!

The!evidence!for!deficits!in!visuospatial!memory!is!less!conclusive.!Four!studies!found!

partial!support!for!such!a!deficit!(Morgan!et!al.,!2012;!Simon!et!al.,!2000;!Van!Wyk!&!

Stuart,!2012;!Zhong!et!al.,!2016),!though!differences!may!be!partly!explained!by!

methodological!shortcomings,!such!as!differences!in!education/psychological!

wellbeing!between!controls!and!the!MUD!group!(Zhong!et!al.,!2016)!and!the!inclusion!

of!individuals!currently!using!high!levels!of!MA!in!addition!to!those!who!had!ceased!

use!(Van!Wyk!&!Stuart,!2012).!Other!studies!identified!no!significant!difference!in!

visuospatial!memory!between!control!participants!and!individuals!with!MUD!
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(Hoffman!et!al.,!2006;!Johanson!et!al.,!2006;!Simon,!Dean,!Cordova,!Monterosso,!&!

London,!2010),!even!in!very!early!stages!of!abstinence!(Kalechstein!et!al.,!2003).!

Significant!deficits!in!prospective!memory,!remembering!to!perform!a!planned!action!

in!future,!have!been!observed!in!two!studies!(Iudicello!et!al.,!2011;!Rendell,!Mazur,!&!

Henry,!2009),!however,!cognitive!deficits!might!have!been!exaggerated!by!a!high!

proportion!(50%)!of!participants!with!an!HIV!diagnosis!(Iudicello!et!al.,!2011)!or!a!high!

average!severity!of!MA!use!in!a!small!sample!(Rendell!et!al.,!2009).!These!findings!

suggest!that!verbal!memory!is!impaired!in!individuals!with!MUD,!however!evidence!

for!visuospatial!and!prospective!memory!deficits!is!mixed;!further!wellBcontrolled!

studies!are!required!to!elucidate!these!relationships.!

!!

1.5.2.2% % Attentional%function%

Studies!of!individuals!with!MUD!have!examined!performance!in!two!forms!of!

attention.!Maintaining!a!similar!level!of!attention!to!a!stimulus!over!time!(sustained!

attention)!and!attending!to!one!stimulus!while!ignoring!others!(selective!attention).!

Three!studies!have!found!significantly!poorer!sustained!attention!performance!in!

individuals!with!MUD!when!compared!to!controls!(Hosak!et!al.,!2011;!Johanson!et!al.,!

2006;!Morgan!et!al.,!2014),!including!community!(Johanson!et!al.,!2006;!Morgan!et!al.,!

2014)!and!inpatient!(Hosak!et!al.,!2011)!samples,!and!abstinence!times!averaging!2!

months!(Morgan!et!al,!2014)!to!one!year!(Johanson!et!al.,!2006).!However,!these!

differences!may!be!partly!explained!by!the!cognitive!influence!of!high!rates!of!HIV!

infection!in!one!study!(Morgan!et!al.,!2014)!and!significant!differences!in!level!of!

education!between!control!participants!and!individuals!with!MUD!(Hosak!et!al.,!2011).!

Furthermore,!four!studies!did!not!find!significant!differences!between!individuals!with!
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MUD!and!controls!(Cherner!et!al.,!2010;!Hoffman!et!al.,!2006;!Kalechstein!et!al.,!2003;!

Simon!et!al.,!2000).!However,!some!cognitive!deficits!may!have!been!masked!by!a!high!

proportion!of!individuals!using!MA!on!the!day!of!testing!(Simon!et!al.,!2000)!or!an!

underBpowered!sample!size!(Kalechstein!et!al.,!2003).!!

!

Three!studies!found!significant!deficits!in!selective!attention!when!individuals!

with!MUD!were!compared!to!controls!(Hoffman!et!al.,!2006;!Salo!et!al.,!2011;!Simon!et!

al.,!2010),!including!mean!abstinence!of!six!months!(Hoffman!et!al.,!2006)!to!over!a!

year!(Salo!et!al.,!2011).!However,!two!studies!did!not!support!such!a!deficit!

(Kalechstein!et!al.,!2003;!Simon!et!al.,!2000),!but!again!might!have!been!masked!by!

limitations!previously!discussed.!Although!some!studies!have!established!deficits!in!

sustained!and!selective!attention,!there!is!a!similar!proportion!of!conflicting!findings,!

suggesting!that!better!controlled!studies!are!required!to!better!understand!these!

potential!deficits.!

%

1.5.2.3% % Working%memory%and%cognitive%control%

Cognitive!control!is!a!component!of!executive!functioning!that!allows!the!

momentBtoBmoment!adaptive!and!deliberative!processing!of!information!that!changes!

flexibly!with!changing!goals!(Ridderinkhof,!Ullsperger,!Crone,!&!Nieuwenhuis,!2004).!

This!function!is!underpinned!by!working!memory,!the!ability!to!manage!incoming!

stimuli!and!temporarily!access!and!store!information!(Baddeley,!2012).!Working!

memory!is!critical!to!the!flexibility!associated!with!cognitive!control,!and!indeed,!

deficits!in!working!memory!are!associated!with!poorer!cognitive!control!(Brooks,!
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2016).!Due!to!the!integrated!nature!of!these!constructs!in!human!cognition,!they!have!

been!grouped!together!in!this!and!following!sections.!

!

Significant!deficits!in!working!memory!have!been!supported!by!four!wellB

controlled!studies!with!a!range!of!periods!of!abstinence!(Cherner!et!al.,!2010;!Rendell!

et!al.,!2009;!Van!der!Plas,!Crone,!van!den!Wildenberg,!Tranel,!&!Bechara,!2009;!Zhong!

et!al.,!2016)!and!partially!supported!by!one!study!(Van!Wyk!&!Stuart,!2012).!However,!

four!studies!did!not!identify!a!significant!difference!between!individuals!with!MUD!

and!controls!in!tests!of!working!memory!(Johanson!et!al.,!2006;!Kalechstein!et!al.,!

2003;!Simon!et!al.,!2010;!Simon!et!al.,!2000).!However,!limitations!of!these!studies!

might!have!reduced!the!observability!of!working!memory!deficits,!including!testing!

during!very!early!recovery!(when!acute!effects!may!still!influence!results;!Johanson!et!

al.,!2006),!a!small!sample!size!(Kalechstein!et!al.,!2003)!or!a!high!proportion!of!

participants!with!MUD!using!on!the!day!of!testing!(Simon!et!al.,!2000).!In!summary,!

there!is!some!evidence!to!suggest!that!individuals!with!MUD!experience!significant!

working!memory!deficits!after!cessation!of!use,!but!the!inconsistency!of!evidence!

suggests!that!further!research!may!be!required.!

!

Ten!studies!found!significant!deficits!in!all!measures!of!cognitive!control!

assessed!in!individuals!with!MUD!(Cherner!et!al.,!2010;!Chung!et!al.,!2007;!Farhadian,!

Akbarfahimi,!Abharian,!Hosseini,!&!Shokri,!2017;!Henry,!Mazur,!&!Rendell,!2009;!

Hosak!et!al.,!2012;!Kim!et!al.,!2006;!Kim!et!al.,!2009;!Rendell!et!al.,!2009;!Salo!et!al.,!

2007;!Simon!et!al.,!2000).!Deficits!are!significantly!reduced!in!individuals!with!longer!

periods!of!abstinence!(>!6!months)!when!compared!to!those!with!less!than!6!months!
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of!abstinence!(Kim!et!al.,!2006),!and!even!short!periods!of!abstinence!(greater!than!

two!weeks)!when!compared!to!current!users!(Farhadian!et!al.,!2017).!Deficits!were!

observed!in!early!treatment!(the!first!few!weeks!of!abstinence;!Kim!et!al.,!2009)!and!in!

those!with!an!average!abstinence!period!of!over!one!year!(Salo!et!al.,!2007).!

Additionally,!six!studies!provided!partial!support!for!a!deficit!in!cognitive!control,!

where!significant!impairment!was!observed!in!some!measures!(Johanson!et!al.,!2006;!

Kalechstein!et!al.,!2003;!Salo!et!al.,!2009;!Salo,!Fassbender,!Buonocore,!&!Ursu,!2013;!

Van!der!Plas!et!al.,!2009;!Zhong!et!al.,!2016).!However,!two!studies!did!not!find!a!

significant!difference!between!individuals!with!MUD!and!control!participants!

(Hoffman!et!al.,!2006;!Simon!et!al.,!2010).!Hoffman!and!colleagues!(2006)!did!find!

slightly!poorer!performance!in!individuals!with!MUD,!however!this!did!not!reach!

statistical!significance,!while!a!lack!of!significance!in!Simon!and!colleagues’!(2010)!

findings!may!be!partly!explained!by!an!underpowered!sample.!Overall,!there!is!a!

strong!volume!of!evidence!in!support!of!significant!deficits!in!cognitive!control!in!

individuals!with!MUD.!!

%

1.5.2.4%% Impulsivity%%

Impulsivity!is!characterised!by!acting!without!deliberation!or!consideration!of!

consequences!(Stevens!et!al.,!2014)%and!can!be!understood!as!comprised!of!three!

components!(VerdejoBGarcia,!Lawrence,!&!Clark,!2008):!inhibition!(impulsive!action),!

defined!as!suppression!of!an!automatic!response!(Stevens!et!al.,!2014);!delay!

discounting,!a!preference!for!smaller,!sooner!rewards!rather!than!larger!delayed!

rewards!(Perry!&!Carroll,!2008);!and!decisionBmaking,!the!ability!to!objectively!

evaluate!information!in!relation!to!complex!tasks!(VerdejoBGarcia!et!al.,!2008).!This!
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section!evaluates!these!three!domains!of!impulsivity!in!the!context!of!individuals!with!

MUD.!!

!

Impulsive!action!has!been!widely!studied!in!individuals!with!MUD.!Seven!

studies!found!significantly!poorer!performance!in!participants!with!MUD!when!

compared!to!controls!(Chung!et!al.,!2007;!Farhadian!et!al.,!2017;!Hosak!et!al.,!2012;!Kim!

et!al.,!2006;!Kim!et!al.,!2009;!Nestor,!Ghahremani,!Monterosso,!&!London,!2011;!Salo!et!

al.,!2013)!and!two!found!partial!support!(Cherner!et!al.,!2010;!Hosak!et!al.,!2011).!

Deficits!were!observed!in!current!users,!those!who!recently!ceased!use!(Farhadian!et!

al.,!2017),!and!those!abstinent!for!an!average!of!2.5!years!(Chung!et!al.,!2007).!A!greater!

length!of!abstinence!diminished!the!severity!of!deficits!(Kim!et!al.,!2006).!However,!

five!studies!found!no!significant!difference!in!inhibition!between!individuals!with!

MUD!and!controls!(Hoffman!et!al.,!2006;!Kalechstein!et!al.,!2003;!Morgan!et!al.,!2014;!

Simon!et!al.,!2010;!Van!der!Plas!et!al.,!2009).!However,!the!lack!of!significant!findings!

might!have!been!influenced!by!a!lack!of!power!(Kalechstein!et!al.,!2003;!Simon!et!al.,!

2010)!or!masked!by!a!high!rate!of!HIV!diagnoses!in!both!MUD!and!control!groups!

(Morgan!et!al.,!2014).!Collectively,!previous!findings!support!higher!rates!of!inhibition!

in!individuals!with!MUD,!though!this!may!be!better!characterised!by!further!wellB

controlled!studies!with!larger!sample!sizes.!

!

Four!studies!have!examined!delay!discounting,!and!all!have!found!significantly!

poorer!performance!in!individuals!with!MUD!when!compared!to!controls!(Ellis!et!al.,!

2016;!Hoffman!et!al.,!2006;!Hoffman!et!al.,!2008;!Monterosso!et!al.,!2007).!All!studies!

included!participants!in!the!early!stages!of!abstinence,!from!under!two!months!
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(Hoffman!et!al.,!2008;!Monterosso!et!al.,!2007)!to!around!six!months!(Ellis!et!al.,!2016;!

Hoffman!et!al.,!2006).!Although!the!generalisability!of!two!of!these!studies!is!limited!

by!a!small!sample!size!(Hoffman!et!al.,!2008;!Monterosso!et!al.,!2007),!collectively,!

these!findings!suggest!impairment!in!delay!discounting!in!individuals!with!MUD!

when!compared!to!controls.!!

!

Finally,!decisionBmaking!has!been!explored!in!three!studies!(Kohno,!Morales,!

Ghahremani,!Hellemann,!&!London,!2014;!Van!der!Plas!et!al.,!2009;!Wang!et!al.,!2013),!

each!of!which!found!significantly!poorer!performance!in!participants!with!MUD!when!

compared!to!controls.!These!studies!primarily!included!individuals!in!early!abstinence!

(around!the!first!two!weeks;!Kohno!et!al.,!2014;!Van!der!Plas!et!al.,!2009),!however,!

Wang!and!colleagues’!(2013)!study!included!six!groups!(6!days,!14!days,!1!month,!3!

months,!6!months,!1!year).!Those!in!very!early!recovery!(6!days,!14!days)!showed!

significantly!poorer!decisionBmaking!than!healthy!controls,!while!decisionBmaking!

improved!as!length!of!abstinence!increased!(performance!at!12!months!was!

significantly!better!than!at!6!days).!In!one!study,!age!and!education!differed!

significantly!between!individuals!with!MUD!and!controls!(Van!der!Plas!et!al.,!2009),!

however!this!was!controlled!for!statistically.!Overall,!the!current!studies!are!wellB

controlled!and!explore!a!range!of!recovery!periods.!Although!a!greater!number!of!

studies!is!required!to!reinforce!these!findings,!they!provide!strong!preliminary!

evidence!for!a!decisionBmaking!deficit!in!individuals!with!MUD.!

!

!

!
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Interim(Conclusion((

A!summary!of!each!study!reviewed!above!is!provided!in!Table!4.!There!is!strong!

evidence!of!deficits!in!verbal!memory,!cognitive!control!and!impulsivity!(impulsive!

action,!delay!discounting,!decisionBmaking)!and!inconsistent!evidence!for!attentional!

and!working!memory!deficits.!These!findings!are!largely!consistent!with!damage!to!

the!areas!underpinning!the!dualBsystems!model,!by!which!the!‘topBdown’!system!of!

cognitive!control!is!significantly!compromised,!while!the!‘bottomBup’!system!

(impulsivity)!becomes!sensitised.!Although!findings!regarding!deficits!in!attentional!

function!and!working!memory!were!not!as!conclusive,!this!may!be!indicative!of!the!

interactive!nature!of!executive!functioning,!whereby!deficits!in!attention!and!working!

memory!contribute!to!broader!executive!dysfunction!(Willcutt!et!al.,!2005;!Logue!&!

Gould,!2014).!There!was!also!strong!evidence!for!impairment!in!verbal!memory,!which!

is!not!directly!related!to!the!dualBsystems!model,!but!is!likely!to!be!influenced!by!

dysfunction!in!the!executive!system!and!impairments!in!strategic!encoding!and!recall!

(Woods!et!al.,!2005).!

!

There!is!evidence!that!cognitive!deficits!in!individuals!with!MUD!are!

characterised!by!deficits!in!executive!functioning,!specifically!in!a!lack!of!cognitive!

control!and!heightened!levels!of!impulsivity.!These!areas!of!cognition!are!particularly!

relevant!when!making!decisions!relating!to!drug!use!(Khurana!et!al.,!2017);%it!is!

therefore!important!to!explore!the!functional!consequences!of!these!deficits.!The!

following!section!explores!whether!cognitive!deficits!are!predictive!of!treatment!

outcomes!(including!drug!use!and!treatment!retention!and!engagement).!!
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Table&4.&Sample&size,&instruments&used&and&main&findings&of&each&human&study&of&MUD&and&cognition&

Authors( Sample(size(( Instruments( Main(findings(
Cherner&et&al.,&
(2010)&

MUD&history&(n"=&54),&
Controls&(n"=&46)&

Brief&Visuospatial&Memory&TestI
Revised&(BVMTIR);&Figure&Memory&
Test;&Halstead&Category&Test&(HCT);&
Hopkins&Verbal&Learning&TestI
Revised&(HVLTIR);&Letter&and&
category&fluency&tests;&Paced&
Auditory&Serial&Addition&Test&
(PASAT);&Story&Memory&Test;&Stroop&
ColorIWord&Incongruent;&Trail&
Making&TestIA/B;&Wechsler&Adult&
Intelligence&ScaleIIII&(WAISIIII);&
Wisconsin&Card&Sorting&Test&(WCST)&

Verbal&memory*&
Sustained&attention&
Working&memory*&
Cognitive&control*&
Impulsive&action*&

Chung&et&al.,&
(2007)&

MUD&history&(n"=&32),&
Controls&(n"=&30)&

&WCST& Cognitive&control*&
Impulsive&action*&

Ellis&et&al.,&(2016)& MUD&(n"=&30),&
Controls&(n"=&24)&

Delay&Discounting&Task&(DDT)& Delay&discounting*&

Farhadian&et&al.,&
(2017)&

MUD&(n"=&41),&MUD&
history&(n"=&60),&
Controls&(n"=&60)&

WCST;&Stroop&Color&Naming&Test;&
Tower&of&London&task&

Cognitive&control*&
Impulsive&action*&

Gonzalez&et&al.,&
(2004)&

MA&
abuse/dependence&
history&(n"=&26),&MA&
and&marijuana&
abuse/dependence&
history&(n"=&27),&
Controls&(n"=&41)&

BVMTIR;&Controlled&Oral&Word&
Association&Test&(COWAT);&Figure&
Memory&Test;&HCT;&HVLTIR;&Letter&
and&Category&Fluency&Test;&PASAT;&
Story&memory&Test;&TrailIMaking&
Test&B;&WAISIIII&

Verbal&memory*&



! 51!

Authors( Sample(size(( Instruments( Main(findings(
Henry&et&al.,&
(2009)&

MUD&history&(n"=&20),&
Controls&(n"=&20)&

Rey&Auditory&Verbal&Learning&Test&
(RAVLT);&Hayling&Sentence&
Completion&Test&(HSCT);&Controlled&
Oral&Fluency&

Cognitive&control*&

Hoffman&et&al.,&
(2006)&

MUD&history&(n"=&41),&
Controls&(n"=&41)&&

ReyIOsterrieth&Complex&Figure&Test;&
Babcock&Story&Recall&(BSR);&RAVLT;&
Trailmaking&Test&(TMT);&Stroop&
Color&Naming&Test;&WCST;&DDT&

Verbal&memory*&
Visuospatial&memory&
Sustained&attention&
Selective&attention*&
Cognitive&control&
Impulsive&action&
Delay&discounting*&

Hoffman&et&al.,&
(2008)&

MUD&history&(n"=&20),&
Controls&(n"=&22)&

DDT& Delay&discounting*&

Hosak&et&al.,&
(2012)&

MUD&(n"=&43),&
Controls&(n"=&52)&

WCST& Cognitive&control*&
Impulsive&action*&

Hosak&et&al.,&
(2011)&

MUD&(n"=&45),&
Controls&(n"=&118)&

CPT& Sustained&attention*&
Impulsive&action*&

Iudicello&et&al.,&
(2011)&

MUD&(n"=&39),&
Controls&(n"=&26)&

Memory&for&Intentions&Screening&
Test&

Prospective&memory*&

Johanson&et&al.,&
(2006)&

MUD&history&(n"=&16),&
Controls&(n"=&18)&&

California&Verbal&Learning&Test&
(CVLT);&Paired&Associates&Learning&
Task;&Digit&Symbol&Substitution&Test;&
Cambridge&Automated&Neuropsych&
Assessment&Battery&(CANTAB);&
WCST&(CANTAB);&Spatial&Working&

Verbal&memory*&
Visuospatial&memory&
Sustained&attention*&
Working&memory&
Cognitive&control*&
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Authors( Sample(size(( Instruments( Main(findings(
Memory&Test&(CANTAB);&Delayed&
Match&to&Sample&(CANTAB);&Rapid&
Visual&Information&Processing&
(CANTAB);&Stockings&of&Cambridge&
(CANTAB);&Controlled&Oral&Fluency&

Kalechstein&et&al.,&
(2003)&

MUD&(n"=&27),&
Controls&(n"=&18)&

Controlled&Oral&Fluency;&Rey&
Complex&Figure&Test;&Stroop&ColorI
Word&Task;&Symbol&Digit&Modalities&
Test;&Trail&Making&Test&A/B;&
Wechsler&Memory&ScaleIIII;&RAVLT&

Verbal&memory*&
Sustained&attention&
Selective&attention&
Working&memory&
Cognitive&control*&
Impulsive&action&

Kim&et&al.,&(2009)& MUD&history&(n"=&24),&
Controls&(n"=&21)&

WCST& Cognitive&control*&
Impulsive&action*&

Kim&et&al.,&(2006)& MUD&shortIterm&
abstinence&(<6&mo.)&
(n"=&11),&MUD&longI
term&abstinence&(>6&
mo.)&(n"=&18),&Controls&
(n"=&20)&

WCST& Cognitive&control*&
Impulsive&action*&

Kohno&et&al.,&
(2014)&

MUD&(n"=&25),&
Controls&(n"=&27)&

Balloon&Analogue&Risk&Task&(BART)& DecisionImaking*&

Monterosso&et&al.,&
(2007)&

MUD&(n"=&12),&
Controls&(n"=&17)&

DDT& Impulsive&action*&

Morgan&et&al.,&
(2014)&

MUD&(n"=&35),&
Controls&(n"=&55)&

Conners’&Continuous&Performance&
Test,&Second&Edition&(CPTIII)&

Sustained&attention*&
Impulsive&action&
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Authors( Sample(size(( Instruments( Main(findings(
Morgan&et&al.,&
(2012)&

MUD&(n"=&114),&
Controls&(n"=&110)&

Brief&Visuospatial&Memory&Test&–&
Revised&(BVMT)&

Visuospatial&memory*&

Nestor&et&al.,&
(2011)&

MUD&(n"=&10),&
Controls&(n"=&18)&

Stroop&ColorIWord&Interference&Task& Impulsive&action*&

Rendell&et&al.,&
(2009)&

MUD&history&(n"=&20),&
Controls&(n"=&20)&

Virtual&Week&Prospective&Memory&
Task&

Prospective&memory*&
Working&memory*&
Cognitive&control*&

Salo&et&al.,&(2013)& MUD&history&(n"=&30),&
Controls&(n"=&30)&

Stroop&ColorIWord&Interference&Task& Cognitive&control*&
Impulsive&action*&

Salo&et&al.,&(2011)& MUD&history&(n"=&30),&
Controls&(n"=&22)&

Attentional&Network&Task& Selective&attention*&

Salo&et&al.,&(2009)& MUD&recent&
abstinence&(3&weeks&
to&6&months;&n"=&38),&
MUD&longIterm&
abstinence&(>&1&year;&n"
=&27),&Controls&(n"=&
33)&

Stroop&Attention&Task& Cognitive&control*&

Salo&et&al.,&(2007)& MUD&(n"=&36),&
Controls&(n"=&16)&

Stroop&Attention&Task& Cognitive&control*&
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Authors( Sample(size(( Instruments( Main(findings(
Simon&et&al.,&
(2010)&

MUD&(n"=&27),&
Controls&(n"=&28)&

TMT;&Stroop&Attention&Task;&Digit&
Span;&Sentence&Span;&Reading&Span;&
Missing&Digit&Span;&Selective&
Reminding&Test;&Repeated&Memory&
Test;&WCST&&

Visuospatial&memory&
Selective&attention*&
Working&memory&
Cognitive&control&
Impulsive&action&

Simon&et&al.,&
(2000)&

MA&
abuse/dependence&(n"
=&65),&Controls&(n"=&
80)&

Repeated&Memory&Test;&Stroop&
ColorIWord&Test;&Trail&Making&Test&
A/B;&Verbal&Fluency&Test;&WAISI
Revised;&WCST&

Visuospatial&memory*&
Sustained&attention&
Selective&attention&
Working&memory&
Cognitive&control*&

Van&der&Plas&et&
al.,&(2009)&

MUD&(n"=&38),&
Controls&(n"=&36)&

Global/Local&Cognitive&Flexibility&
Task;&Iowa&Gambling&Task&(IGT);&Tic&
Tac&Toe&task;&WCST;&Stop&Signal&
Task&

Working&memory*&
Cognitive&control*&
Impulsive&action&
DecisionImaking*&

Van&Wyk&&&
Stuart,&(2012)&

MUD&(n"=&14),&MUD&
history&(n"=&17),&
Controls&(n"=&18)&

The&Map&Memory&Test;&PictureI
Number&Test&(PNT);&Auditory&
Number&Span&Test&

Visuospatial&memory*&

Wang&et&al.,&
(2013)&

MUD&(n&=&183),&
Controls&(n"=&39)&

IGT& DecisionImaking*&

Woods&et&al.,&
(2005)&
&

MUD&(n"=&87),&
Controls&(n"=&71)&

HVLT& Verbal&memory*&

Zhong&et&al.,&
(2016)&

MUD&(n"=&54),&
Controls&(n"=&58)&

CogState&Battery:&International&
Shopping&List&Task&&

Visuospatial&memory*&
Working&memory*&
Cognitive&control*&

Note:"*&denotes&a&significant&difference&between&MUD&and&control&groups&
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1.6$ $ Cognitive$deficits$and$clinical$outcomes$$

Poorer%treatment%outcomes%are%a%major%consequence%of%cognitive%dysfunction%

in%substance%dependence%(Stevens%et%al.,%2014).%Indeed,%the%dualCsystems%model%

implies%that%cognitive%deficits%are%likely%to%result%in%greater%substance%use,%where%the%

cognitive%control%system%is%unable%to%exert%control%over%impulses%to%use%substances%

(Khurana%et%al.,%2017).$Higher%impulsivity%and%diminished%control%may%also%impact%the%

ability%to%engage%with%treatment%(difficulty%maintaining%focus;%Carroll%et%al.,%2011)%and%

remain%in%treatment%(difficulty%evaluating%longCterm%benefits;%Washio%et%al.,%2011).%The%

importance%of%understanding%these%links%is%reinforced%by%high%vulnerability%to%relapse%

and%disengagement%among%individuals%with%MUD%in%the%first%two%months%of%treatment%

(Brecht%&%Herbeck,%2014).%This%section%examines%the%longitudinal,%predictive%link%

between%cognitive%function%in%early%treatment%and%subsequent%treatment%outcomes.%As%

there%are%relatively%few%studies%that%directly%examine%MUD,%this%section%also%discusses%

stimulants%that%are%associated%with%similar%difficulties%in%treatment,%such%as%high%rates%

of%relapse%and%poor%engagement%(e.g.,%cocaine;%Penberthy,%AitCDaoud,%Vaughan,%&%

Fanning,%2010;%nicotine;%Zhou%et%al.,%2009).%%Participants%were%tested%in%early%treatment%

and%then%followed%up%to%confirm%abstinence/completion%of%a%treatment%program%or%

their%level%of%engagement.%Studies%examined%whether%differences%between%groups%(e.g.,%

completers%vs.%nonCcompleters)%were%significant%or%whether%cognitive%values%at%

baseline%were%predictive%of%longitudinal%treatment%outcomes.%%

%

1.6.1$ $ Learning$and$Memory!

Although%MUD%samples%have%not%been%assessed,%five%studies%have%examined%the%

link%between%learning/memory%and%cocaineCdependence%outcomes%(Aharonovich,%
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Nunes,%&%Hasin,%2003;%Aharonovich%et%al.,%2006;%Fagan%et%al.,%2015;%Fox,%Jackson,%&%

Sinha,%2009;%Turner,%LaRowe,%Horner,%Herron,%&%Malcolm,%2009).%Deficits%in%visual%

and%verbal%memory%were%significantly%greater%in%those%who%dropped%out%of%treatment%

when%compared%to%individuals%completing%the%program%(Aharonovich%et%al.,%2006),%

while%declarative,%recognition%and%auditory%memory%have%been%significantly%associated%

with%higher%levels%of%cocaine%use%after%inpatient%treatment%(Fox%et%al.,%2009).%However,%

three%studies%did%not%find%any%support%for%the%role%of%verbal%learning%and%memory%in%

either%treatment%abstinence%and%retention%(Aharonovich%et%al.,%2003;%Turner%et%al.,%

2009)%or%appointment%attendance/medication%adherence%(Fagan%et%al.,%2015).%However,%

the%role%of%learning%and%memory%might%have%been%masked%by%small%sample%size%

(Aharonovich%et%al.,%2003)%and%samples%that%may%not%fully%reflect%the%cocaineC

dependent%population%(e.g.,%comorbid%bipolar%disorder;%Fagan%et%al.,%2015;%taking%

pharmacological%medication;%Turner%et%al.,%2009).%In%summary,%although%there%is%some%

evidence%to%suggest%a%link%between%learning%and%memory%and%treatment%outcomes%in%

stimulant%users,%conflicting%findings%suggest%that%further%wellCcontrolled%research%is%

required%to%clearly%establish%this%relationship.%$

$

1.6.2$ $ Attentional$function$!

There%is%strong%support%for%the%role%of%attentional%function%in%predicting%

treatment%outcomes.%Five%studies%found%significant%support%for%this%link%(Aharonovich%

et%al.,%2003;%Aharonovich%et%al.,%2006;%Fagan%et%al.,%2015;%Harris%et%al.,%2014;%Streeter%et%

al.,%2008),%while%two%found%partial%support%(Carroll%et%al.,%2011;%Chen,%Chen,%&%Wang,%

2015).%Sustained%or%selective%attention%predicted%attendance%or%number%of%sessions%

completed%in%psychologicallyCbased%(e.g.,%Cognitive%Behavioural%Therapy;%CBT)%
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programs%of%substance%dependence%in%six%of%these%studies%(Aharonovich%et%al.,%2003;%

Aharonovich%et%al.,%2006;%Carroll%et%al.,%2011;%Fagan%et%al.,%2015;%Harris%et%al.,%2014;%

Streeter%et%al.,%2008).%One%study%found%that%attention%was%predictive%of%relapse%but%not%

dropout%in%a%sample%of%individuals%with%MUD%(Chen%et%al.,%2015),%while%another%study%

found%that%sustained%attention%predicted%the%number%of%psychological%treatment%

modules%completed%and%days%in%treatment,%but%not%abstinence%(Carroll%et%al.,%2011).%%

%

Although%these%findings%primarily%relate%to%cocaine%(Aharonovich%et%al.,%2003;%

Aharonovich%et%al.,%2006;%Carroll%et%al.,%2011;%Fagan%et%al.,%2015;%Streeter%et%al.,%2008)%or%

nicotine%(Harris%et%al.,%2014),%all%available%research%reported%either%complete%or%partial%

support%for%a%link%between%attentional%function%and%psychologicallyCbased%treatment%

outcomes%and%suggests%a%consistent%link%between%the%variables.%The%association%

between%attentional%function%and%drug%use/relapse%is%less%conclusive,%with%one%study%

finding%a%significant%relationship%(Chen%et%al.,%2015)%and%another%finding%no%

relationship%(Carroll%et%al.,%2011),%and%suggests%that%further%wellCcontrolled%research%is%

required.%

%

1.6.3$ $ Working$memory$and$cognitive$control$

Two%studies%have%directly%examined%the%predictive%value%of%working%memory%on%

substance%dependence%outcomes%(Dean%et%al.,%2009;%Patterson%et%al.,%2010).%In%a%MUD%

sample,%working%memory%performance%significantly%predicted%completion%of%a%12Cweek%

treatment%program,%though%this%relationship%was%no%longer%significant%after%adjusting%

for%baseline%MA%use%(Dean%et%al.,%2009).%Poorer%working%memory%performance%(slower%

reaction%time%under%highest%working%memory%load)%was%also%significantly%negatively%
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associated%with%days%to%nicotine%relapse%(Patterson%et%al.,%2010).%Other%measures%of%

cognitive%control%have%significantly%predicted%stimulant%treatment%outcomes%in%eight%

studies,%including%relapse%(Adinoff%et%al.,%2016;%Carroll%et%al.,%2011;%Powell,%Dawkins,%

West,%Powell,%&%Pickering,%2010),%treatment%retention/completion%(Aharonovich%et%al.,%

2003;%Aharonovich%et%al.,%2006;%Streeter%et%al.,%2008;%Turner%et%al.,%2009)%and%adherence%

to%a%treatment%program%(Fagan%et%al.,%2015).%However,%three%of%these%studies%found%only%

partial%support%for%the%relationship,%where%not%all%measures%of%cognitive%control%were%

significantly%predictive%(Aharonovich%et%al.,%2006),%abstinence%was%predicted%at%only%

one%of%three%time%points%(Powell%et%al.,%2010)%or%cognitive%control%did%not%predict%other%

treatmentCrelated%outcomes%(treatment%sessions%completed;%Carroll%et%al.,%2011).%

Furthermore,%two%studies%found%no%significant%relationship%between%cognitive%control%

and%treatment%outcomes%(Chen%et%al.,%2015;%Harris%et%al.,%2014),%however%relationships%

may%have%been%masked%by%liberal%inclusion%criteria%(i.e.,%participants%who%met%criteria%

for%MA%abuse%rather%than%dependence;%Chen%et%al.,%2015)%or%a%small%sample%size%(Harris%

et%al.,%2014).%%

%

Overall,%the%available%evidence%supports%a%relationship%between%working%

memory/cognitive%control%and%a%range%of%treatment%outcomes%(relapse,%treatment%

completion%and%adherence).%However,%there%are%some%conflicting%findings,%and%further%

evidence%is%required%specifically%examining%MUD%samples.%

$

1.6.4$ $ Impulsivity!!

All%three%forms%of%impulsivity%have%been%explored%in%the%context%of%treatment%

outcomes.%Delay%discounting%significantly%predicted%treatment%retention%(Stevens%et%
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al.,%2014)%and%abstinence%(Sheffer%et%al.,%2012;%Washio%et%al.,%2011)%in%primarily%stimulant%

dependent%individuals.%However,%Harris%and%colleagues%(2014)%found%that%delay%

discounting%was%not%a%significant%predictor%of%reduction%in%nicotine%use,%but%may%be%

partly%explained%by%the%young%age%of%the%sample%(adolescents)%and%the%tendency%for%

delayCdiscounting%to%be%higher%and%lessCvariable%in%younger%individuals%and%therefore%

less%useful%as%a%predictor.%%

%

Two%studies%have%supported%a%link%between%impulsive%action%and%treatment%

outcomes,%predicting%nicotine%abstinence%at%1%week,%1%month,%and%3%months%(Powell%et%

al.,%2010)%and%relapse%in%cocaineCdependent%individuals,%but%not%days%in%treatment%or%

sessions%completed%(Carroll%et%al.,%2011).%%

%

DecisionCmaking%has%been%examined%in%stimulantCdependent%individuals%in%five%

studies,%and%has%predicted%relapse%at%3%months%(VerdejoCGarcia%et%al.,%2014),%proportion%

of%positive%drug%tests%(Nejtek,%Kaiser,%Zhang,%&%Djokovic,%2013),%dropout%from%

treatment%for%MUD%(Chen%et%al.,%2015)%and%psychological%sessions/modules%completed%

and%days%of%abstinence%(Carroll%et%al.,%2011).%However,%other%studies%found%that%

decisionCmaking%did%not%predict%days%in%treatment%(Carroll%et%al.,%2011)%or%relapse%

(Adinoff%et%al.,%2016;%Chen%et%al.,%2015).%%

%

Overall,%these%findings%are%mixed,%and%suggest%that%while%there%is%evidence%that%

delay%discounting%and%impulsive%action%frequently%predict%relapse,%it%is%unclear%what%

role%these%constructs%play%in%predicting%retention%and%adherence%to%treatment.%

Furthermore,%decisionCmaking%shows%a%relationship%with%treatment%outcomes%broadly%
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but%does%not%show%a%consistent%pattern%(i.e.,%there%is%conflicting%evidence%for%relapse%

and%treatment%retention,%while%one%study%supports%a%link%with%treatment%engagement).%

Additional%wellCcontrolled%studies%are%needed%in%this%domain.%%%

$

Interim!Conclusion!!

There%is%strong%evidence%of%some%specific%domains%of%cognition%predicting%

specific%treatment%outcomes%in%individuals%with%MUD.%While%evidence%for%the%role%of%

learning%and%memory%was%inconclusive%for%all%treatment%outcomes,%there%is%strong%

evidence%linking%attentional%function%with%outcomes%in%psychologicallyCfocused%

treatment%(e.g.,%CBT),%but%not%relapse%or%drug%use.%Findings%relating%to%cognitive%

control%and%working%memory%suggest%an%association%with%relapse%and%retention,%and%

while%delay%discounting%and%impulsive%action%tended%to%predict%relapse,%decisionC

making%was%predictive%of%both%relapse%and%treatment%retention%or%engagement%but%

only%in%a%small%number%of%studies.%These%findings%collectively%suggest%that%deficits%in%

executive%functioning%are%predictive%of%treatment%outcomes%in%a%range%of%domains..!

Deficits%in%these%systems%may%mean%that%individuals%cannot%effectively%inhibit%

impulses%to%leave%therapy,%to%begin%using%again%or%may%make%engagement%with%therapy%

difficult.%However,%it%appears%that%these%relationships%are%complex,%where%different%

components%of%the%executive%system%impair%different%treatment%outcomes,%which%

highlights%the%importance%of%a%nuanced%approach%of%the%key%contributors%to%each%

outcome.%Indeed,%current%cognitive%and%behavioural%interventions%show%relatively%

consistent%outcomes%across%modality%(i.e.,%CBT,%Motivational%Interviewing,%

Contingency%Management)%and%substance%(Dutra%et%al.,%2008),%while%pharmacological%

interventions%provide%limited%adjunctive%benefit%(Hill%&%Sofuoglu,%2007).%Therefore,%
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identifying%individual%factors%such%as%cognitive%function,%that%may%enhance%the%

effectiveness%of%psychological%interventions%is%an%area%worthy%of%further%exploration.!

%

The%treatment%outcomes%discussed%in%this%section%incorporate%important%

indices%of%recovery%(cessation%of%drug%use,%treatment%

retention/engagement/motivation),%however%cognitive%deficits%are%also%likely%to%have%a%

broader%impact%on%substance%dependent%individuals,%and%impair%dayCtoCday%

functioning.%Therefore,%the%following%section%reviews%research%which%explores%

associations%between%cognitive%deficits%and%daily%functioning%in%substance%dependent%

individuals%and%interprets%these%findings%in%the%context%of%the%dualCsystems%model.%

$
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1.7$ Stimulant$dependence$related$cognitive$deficits$and$quality$of$life/daily$

functioning$outcomes$$

Cognitive%deficits%have%an%impact%on%different%elements%of%daily%functioning.%

Impaired%areas%include%practical%tasks%such%as%household%chores%and%medication%

adherence,%but%also%more%complex%functions%such%as%social%interactions,%employment,%

and%the%ability%to%selfCreflect%or%manage%emotional%distress%(SchmitterCEdgecombe,%

Woo,%&%Greeley,%2009).%Deficits%in%these%areas%impact%an%individual%broadly%and%can%be%

conceptualised%as%reflecting%a%diminished%level%of%quality%of%life%(Land,%Michalos,%&%

Sirgy,%2012;%QoL).%QoL%is%a%person’s%subjective%consideration%of%their%position%in%life%in%

the%context%of%goals%and%expectations%associated%with%their%culture%and%values%(World%

Health%Organization,%1998),$and%incorporates%physical,%psychological,%social%and%

environmental%domains.%Individuals%with%MUD%exhibit%significantly%lower%levels%of%

QoL%when%compared%to%a%normative%sample%(Gonzales%et%al.,%2011),%while%those%

entering%treatment$are%typically%concerned%with%improving%their%lives%in%a%range%of%

areas%associated%with%QoL%(Laudet,%Becker,%&%White,%2009).$QoL%is%an%important%

outcome%measure%that%can%have%an%almost%bidirectional%relationship%with%treatment%

outcomes%(Gonzales%et%al.,%2009),%but%also%effectively%integrates%abstinence%and%

improvement%in%other%domains%of%life%(Laudet,%2011).$The%importance%of%QoL%has%been%

reflected%in%the%recommendation%that%it%be%incorporated%as%a%primary%outcome%

measure%of%substance%dependence%treatment%in%a%recent%consensus%paper%(Tiffany,%

Friedman,%Greenfield,%Hasin,%&%Jackson,%2012).$The%following%section%reviews%the%

literature%linking%cognitive%deficits%with%functional%outcomes%and%QoL%in%individuals%

dependent%on%MA%or%similar%stimulants.%%%

$
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1.7.1$ $ Learning$and$Memory$

Two%studies%have%found%evidence%that%learning%and%memory%abilities%

significantly%predict%functional%outcomes%in%individuals%with%MUD.%Spatial%and%

delayed%memory%predicted%poorer%emotional%state%and%higher%depression%ratings%

(Herbeck%&%Brecht,%2013),%while%verbal%and%visual%learning%predicted%unemployment%in%

another%study%(Weber%et%al.,%2012).%Both%of%these%studies%had%long%periods%of%

abstinence%(average%5%months;%Weber%et%al.,%2012;%nearly%50%%abstinent%for%over%5%

years;%Herbeck%&%Brecht,%2013),%which%suggests%persistent%links%between%these%

variables,%however%conclusions%around%longitudinal%relationships%cannot%be%drawn%due%

to%the%crossCsectional%design%of%each%study.%%%

%

1.7.2$$ $ Attentional$function$

One%study%has%examined%the%role%of%sustained%attention%in%functional%outcomes%

among%individuals%with%MUD%(Morgan%et%al.,%2014).%Sustained%attention%significantly%

predicted%deficits%in%performing%daily%tasks%associated%with%independent%community%

functioning%(e.g.,%communication,%transportation,%comprehension/social%planning)%

and%cognitive%difficulties%in%everyday%life%(e.g.%cognitive%functions%associated%with%

employment,%language,%memory).%However,%sustained%attention%did%not%predict%

instrumental%activities%of%daily%living%or%driving%violations%in%a%car%simulator.%Although%

very%limited%conclusions%can%be%drawn%from%a%single%study,%results%in%this%study%suggest%

that%sustained%attention%deficits%tended%to%impact%daily%tasks%requiring%higher%

complexity,%leaving%simpler%tasks%(Activities%of%Daily%Living)%less%affected.%%

$

$
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1.7.3$ $ Working$memory$and$cognitive$control$

Five%studies%have%found%that%cognitive%control%(Casaletto%et%al.,%2015;%Cattie%et%

al.,%2012;%Henry,%Minassian,%&%Perry,%2010;%Herbeck%&%Brecht,%2013;%Weber%et%al.,%2012)%

and%working%memory%(Casaletto%et%al.,%2015;%Weber%et%al.,%2012)%significantly%predict%

daily%functioning%outcomes.%Two%studies%suggested%generalised%deficits%in%which%

cognitive%control%significantly%predicted%decline%in%a%range%of%routine%daily%tasks%(e.g.,%

employment,%financial%management,%food%preparation,%housekeeping;%Cattie%et%al.,%

2012;%Henry%et%al.,%2010).%In%more%specific%deficits,%unemployment%(Weber%et%al.,%2012),%

and%lower%mood%and%poorer%emotional%state%(Herbeck%&%Brecht,%2013)%have%also%been%

identified%as%consequences%of%cognitive%control%deficits.%Furthermore,%deficient%

cognitive%control%is%also%predictive%of%overestimation%of%memory%skills%(poorer%

metamemory;%Casaletto%et%al.,%2015),%which%is%likely%to%exacerbate%problems%with%daily%

functioning.%In%one%study,%cognitive%control%did%not%significantly%predict%social%

functioning%(Cunha,%Bechara,%de%Andrade,%&%Nicastri,%2011),%however,%this%study%had%a%

small%sample,%and%may%not%have%been%large%enough%to%detect%the%cognitive%control%

deficits%that%might%predict%social%dysfunction.%Despite%limitations%in%some%of%the%

previously%mentioned%studies%(e.g.,%small%sample%size;%Henry%et%al.,%2010;%sample%that%

may%not%represent%dependent%users;%Cattie%et%al.,%2012),%these%findings%provide%

evidence%for%the%impact%of%cognitive%control%on%broad%and%specific%domains%of%daily%

functioning.$

$

1.7.4$ $ Impulsivity$$

Five%studies%have%examined%the%role%of%impulsive%action%and%delay%discounting%

on%everyday%function.%Three%studies%found%that%impulsive%action%is%significantly%
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predictive%of%cognitive%difficulties%in%daily%life%and%problems%with%routine%daily%tasks%

(Cattie%et%al.,%2012;%Morgan%et%al.,%2014)%and%QoL%and%social%dysfunction%(AlbeinCUrios,%

Pilatti,%Lozano,%MartínezCGonzález,%&%VerdejoCGarcía,%2014).%Although%these%samples%

exhibited%relatively%high%rates%of%Hepatitis%C%(Cattie%et%al.,%2012),%HIV%infection%

(Morgan%et%al.,%2014)%and%personality%disorders%(AlbeinCUrios%et%al.,%2014),%high%rates%of%

these%conditions%are%reflective%of%the%MUD%population%(Darke,%Kaye,%McKetin,%&%

Duflou,%2008;%Gonzales,%MarinelliCCasey,%Shoptaw,%Ang,%&%Rawson,%2006;%Lubman%et%

al.,%2016),$and%do%not%substantially%detract%from%the%findings.%One%wellCcontrolled%

study%found%significantly%higher%delayCdiscounting%in%individuals%with%MUD,%that%was%

accompanied%by%subjective%deficits%in%daily%functioning%(e.g.%planning%and%organisation%

of%tasks,%emotional%control,%selfCmonitoring%behaviour;%Ellis%et%al.,%2016),%while%another%

found%deficits%in%monitoring%time%in%cocaineCdependent%individuals%(Wittman,%Leland,%

Churan,%&%Paulus,%2007).%Overall,%these%findings%suggest%a%relationship%between%

impulsivity%and%broad%measures%of%daily%functioning%and%social%interactions,%that%

warrant%further%examination.%

!

Interim!Conclusion!

Overall,%although%there%were%studies%that%supported%the%link%between%learning,%

memory%and%attention%with%daily%functioning/QoL,%these%findings%are%too%few%to%draw%

definite%conclusions,%and%further%research%may%be%warranted%to%better%understand%

potential%relationships.%There%was%stronger%support%for%cognitive%control/working%

memory%(five%studies)%and%impulsivity%(five%studies).%These%findings%are%consistent%

with%the%dualCsystems%model,%and%suggest%that%poor%cognitive%control%not%only%impacts%

drug%use%and%treatment%outcomes,%but%can%have%a%broad%impact%on%daily%functioning%
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activities%that%range%in%complexity%(e.g.,%social%planning/interaction,%organising%

transport).%Poorer%cognitive%control%and%higher%impulsivity%may%contribute%to%

disruption%of%communication%and%planning%and%result%in%engaging%with%activities%that%

provide%shortCterm%pleasure%but%distress%over%the%longCterm.%These%findings%provide%

evidence%of%a%general%relationship%between%cognitive%control/working%memory%and%

impulsivity%with%QoL%outcomes,%however%an%understanding%of%direct%relationships%

between%areas%of%cognition%and%specific%domains%of%QoL%will%increase%the%utility%and%

applicability%of%this%link%in%a%clinical%setting.%

%

%
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1.8$ Conclusions$and$ways$forward$

What!we!know!

This%review%has%described%the%neurobiological%and%chemical%function%of%MA,%

the%epidemiology%of%MA%in%the%Australian%context,%and%explored%the%social%

consequences%of%MUD.%This%review%has%also%described%the%cognitive%impact%of%MA%

exposure%in%animals%and%humans%and%the%consequences%for%treatment%outcomes%and%

daily%functioning/QoL.%There%is%evidence%of%cognitive%deficits%in%animals%and%humans%

that%are%consistent%with%executive%dysfunction%associated%with%the%compromise%of%

cognitive%control%and%sensitisation%of%impulsive%urges%(the%dualCsystems%model).%This%

is%also%consistent%with%the%structural%and%functional%changes%that%have%been%observed%

in%neuroimaging%of%individuals%with%MUD.%These%changes%and%deficits%have%broad%

consequences,%and%include%a%greater%likelihood%of%relapse,%disengagement%from%

treatment,%and%deficits%in%dayCtoCday%functioning%(e.g.,%social%interaction,%arranging%

transport).%The%upcoming%section%integrates%the%findings%of%this%review%with%outcomes%

that%are%characteristically%poor%in%individuals%with%MUD%(e.g.,%high%rates%of%relapse;%

Brecht%&%Herbeck,%2014;%poor%treatment%motivation;%Fiorentine,%Nakashima,%&%Anglin,%

1999;%low%levels%of%QoL;%Gonzales%et%al.,%2011)%to%formulate%the%research%questions%

addressed%in%this%thesis.%

%

What!we!don’t!know!

Results%linking%drug%use%with%cognitive%control,%working%memory%and%

impulsivity%are%consistent%with%the%dualCsystems%model,%by%which%heightened%

impulsivity%and%diminished%cognitive%control%result%in%a%greater%likelihood%of%drug%use%

(Adinoff%et%al.,%2016;%Carroll%et%al.,%2011;%Patterson%et%al.,%2010;%Powell%et%al.,%2010).%
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However,%it%is%also%important%to%consider%the%interactional%nature%of%the%dualCsystems%

model%(i.e.,%the%positive%feedback%loop%between%deficits%in%cognitive%control%and%

increased%impulsivity).%This%has%been%demonstrated%in%research%showing%that%working%

memory%improvements%result%in%significantly%improved%delay%discounting%in%stimulant%

users%(Bickel,%Yi,%Landes,%Hill,%&%Baxter,%2011;%Brooks%et%al.,%2017),%while%those%with%

significant%working%memory%deficits%have%difficulty%regulating%impulsive%urges%

(Houben,%Wiers,%&%Jansen,%2011).%These%findings%suggest%that%although%working%

memory%and%impulsivity%may%both%independently%predict%stimulant%use,%impulsivity%

may%moderate%the%relationship%between%working%memory%and%use.%%

%

The%relationship%between%cognition%and%motivation/engagement%with%

psychologicallyCbased%treatment%is%also%complex.%There%is%strong%evidence%to%support%

the%role%of%attentional%function%in%this%process%(Aharonovich%et%al.,%2003;%Aharonovich%

et%al.,%2006;%Carroll%et%al.,%2011;%Fagan%et%al.,%2015;%Harris%et%al.,%2014;%Streeter%et%al.,%

2008),%and%indeed,%the%cognitive%and%behavioural%components%of%psychological%

therapy%do%require%the%ability%to%maintain%attention%over%time%(Sofuoglu,%DeVito,%

Waters,%&%Carroll,%2013).$However,%while%attention%is%important%for%focusing%on%

treatment%content,%decisionCmaking%is%also%likely%to%play%an%important%role%in%

evaluating%the%costs%and%benefits%of%continued%engagement.%There%is%some%empirical%

support%for%the%importance%of%decisionCmaking%in%treatment%outcomes%(Carroll%et%al.,%

2011;%Chen%et%al.,%2015),%however,%from%a%theoretical%perspective,%effortCbased%decisionC

making%(a%subCcomponent%of%decisionCmaking)%is%strongly%linked%to%

motivation/engagement.%EffortCbased%decisionCmaking%measures%motivational%

elements%of%decisionCmaking,%where%individuals%expend%energy%for%an%uncertain%
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reward%(Treadway,%Buckholtz,%Schwartzman,%Lambert,%&%Zald,%2009).%EffortCbased%

decisionCmaking%may%be%analogous%to%the%treatment%process,%where%a%‘decisional%

balance’,%evaluating%the%costs%and%benefits%of%treatment%involvement%is%engaged%in%by%

participants%(Le%Berre%et%al.,%2012).%Overall,%although%it%appears%that%the%factors%driving%

treatment%motivation%are%complex,%there%is%empirical%and%theoretical%support%for%the%

involvement%of%attentional%function%and%effortCbased%decisionCmaking%that%warrants%

further%exploration.%

%

Furthermore,%there%is%strong%evidence%for%the%role%of%cognitive%control/working%

memory%and%impulsivity%in%daily%functioning%and%QoL%outcomes%(AlbeinCUrios%et%al.,%

2014;%Cattie%et%al.,%2012;%Herbeck%&%Brecht,%2013;%Morgan%et%al.,%2014).%Although%this%

evidence%suggests%a%significant%generalised%effect%of%both%cognitive%control%and%

impulsivity%on%QoL,%specific%relationships%between%these%constructs%and%separate%

domains%of%QoL%have%not%been%explored.%Specifically,%different%forms%of%impulsivity%

(action,%delay%discounting)%appear%to%impact%QoL%differentially%(Stevens%et%al.,%2014).%

However,%previous%findings%have%examined%domains%of%impulsivity%separately%in%the%

context%of%a%general%measure%of%QoL%(e.g.,%AlbeinCUrios%et%al.,%2014)%or%examined%a%

single%domain%of%QoL%(e.g.,%Herbeck%&%Brecht,%2013).%This%relationship%is%likely%to%be%

better%understood%with%a%systematic%exploration%of%the%predictive%value%of%both%types%

of%impulsivity%on%each%domain%of%QoL.%%

$

Cognitive%function%has%shown%utility%in%longitudinally%predicting%treatment%

outcomes%in%individuals%with%MUD%(Chen%et%al.,%2015),%and%can%be%accommodated%and%

rehabilitated%in%treatment%(Sofuoglu,%DeVito,%Waters,%&%Carroll,%2016).%However%
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previous%studies%have%exhibited%a%range%of%limitations%that%will%be%addressed%in%this%

thesis.%MUD%individuals%are%particularly%vulnerable%to%poor%outcomes%in%early%

treatment%(the%first%six%to%eight%weeks;%Brecht%&%Herbeck,%2014),%however%many%

previous%studies%have%utilised%a%crossCsectional%(e.g.,%Herbeck%&%Brecht,%2013;%Morgan%

et%al.,%2014)%or%moderate%to%longCterm%(>3%months;%e.g.,%Aharonovich%et%al.,%2006;%Fox%et%

al.,%2009)%follow%up%period.%The%prospective%design%of%the%current%study%will%provide%

insight%into%longitudinal%predictors%of%treatment%outcomes,%while%incorporating%a%

period%of%particularly%high%vulnerability%by%utilising%a%sixCweek%followCup.%Past%studies%

have%also%frequently%utilised%small%sample%sizes%(e.g.,%Aharonovich%et%al.,%2003;%Harris%

et%al.,%2014),%limiting%the%power%to%detect%meaningful%differences%between%groups%or%

the%predictive%value%of%specific%measures.%In%this%thesis,%our%sample%size%will%be%

determined%a!priori%and%based%on%effect%sizes%observed%in%similar%previous%studies%(e.g.,%

Morgan%et%al.,%2014).$Furthermore,%our%recruitment%strategy%will%reflect%a%balance%of%

control%and%representativeness,%by%including%a%range%of%recruitment%sites%(i.e.,%

residential%rehabilitation,%outpatient%therapy,%detoxification),%excluding%participants%

with%low%prevalence%psychological%or%physical%conditions%that%are%likely%to%influence%

cognition%(e.g.,%intellectual%disability,%bipolar%or%psychotic%disorders)%and%including%

but%statistically%controlling%for%conditions%that%are%commonly%observed%in%the%MUD%

population%(e.g.,%depressive%symptoms,%marijuana%use/dependence,%alcohol%

use/dependence;%Lubman%et%al.,%2016;%Luan%et%al.,%2017).%

%

%% As%such,%this%thesis%will%use%a%stringently%recruited%sample%to%examine%the%

predictive%value%of%cognitive%variables%(identified%in%the%current%review)%on%relapse,%

and%change%in%treatment%motivation%and%QoL.%The%overarching%goal%of%this%thesis%is%to%
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address%the%methodological%limitations%of%previous%research%and%integrate%links%

between%cognitive%function%and%a%range%of%treatment%outcomes%into%a%cohesive%

narrative%underpinned%by%the%dualCsystems%model.%%

%

1.8.1$ $ Aims$and$Hypotheses$
$

This%section%summarises%the%aims%and%hypotheses%developed%after%a%review%of%

the%literature%in%preceding%sections.%This%thesis%has%three%aims,%which%were%addressed%

with%three%studies.%

%

Aim$1:!To%examine%the%longitudinal%predictive%value%of%cognitive%measures%of%the%dualC

systems%model%(cognitive%control%and%impulsivity)%and%their%interaction%on%levels%of%

MA%use%during%early%treatment%in%individuals%with%MUD.%

!

Hypothesis!1!(Study!1):!We%hypothesised%that%poorer%performance%in%working%memory%

tasks%and%higher%levels%of%impulsivity%would%each%significantly%predict%higher%levels%of%

MA%use.%

Hypothesis!2!(Study!1):!We%hypothesised%that%impulsivity%would%moderate%the%

relationship%between%working%memory%and%MA%use,%according%to%the%dualCsystems%

model.%

!

Aim$2:!To%identify%how%elements%of%impulsivity%are%predictive%of%different%components%

of%quality%of%life.%Specifically,%identifying%the%relative%contributions%of%delay%

discounting%and%impulsive%action%to%change%in%quality%of%life%in%early%treatment.%

!
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Hypothesis!(Study!2):!We%hypothesised%that%higher%levels%of%delay%discounting%and%

impulsive%action%would%significantly%predict%less%change%in%social,%psychological%and%

physical%aspects%of%quality%of%life%in%early%recovery%from%MUD.%

!

Aim$3:!To%identify%the%predictive%value%of%cognitive%measures%of%sustained%attention%

and%effortCbased%decisionCmaking%on%change%in%treatment%motivation%in%early%

treatment%for%MUD.%

%

Hypothesis!(Study!3):!We%hypothesised%that%lower%levels%of%sustained%attention%and%

poorer%effortCbased%decisionCmaking%would%predict%a%lower%change%in%early%treatment%

motivation.%

$

$
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2$ $ Introduction$

This%chapter%provides%an%overview%of%the%general%methodology%of%the%studies%

that%comprise%this%thesis,%a%more%detailed%description%than%can%be%provided%in%each%

individual%manuscript.%This%section%includes%the%nuisance%and%demographic%variables%

that%were%recorded,%predictor%and%outcome%variables,%a%detailed%procedures%section,%

and%a%table%that%describes%the%design,%participants%and%statistical%analysis%of%the%four%

studies.%%

%

2.1$ $ Participants$

The%overall%sample%consisted%of%108%adults%(Age%M!=%31.1,%SD%=%7.2,%81%males).%

This%sample%size%was%determined%a!priori!with%80%%power,%α%=%.05,%a%moderate%effect%

size%and%multiple%regression%analysis%with%a%maximum%of%ten%predictors,%performed%

across%all%outcomes%(based%on%similar%previous%studies;%e.g.,%drug%use:%Nejtek%et%al.,%

2013;%treatment%engagement:%Carroll%et%al.,%2011;%QoL:%Morgan%et%al.,%2014).%The%study%

allowed%for%an%attrition%rate%of%30%,%based%on%studies%of%individuals%with%MUD%over%a%

similar%followCup%period%(Simon%et%al.,%2010).%Eighty%participants%were%followed%up,%

there%were%no%significant%differences%on%background%or%cognitive%characteristics%

between%those%who%completed%the%study%and%those%who%dropped%out%(tmax%=%C1.24%pmin%

=%.219).$

$

Participants%were%recruited%through%private%and%public%inpatient%and%outpatient%

drug%treatment%services%in%Melbourne,%Australia.%These%services%provided%

detoxification,%rehabilitation%and/or%counselling%programs.%Services%that%assisted%with%

recruitment%included%Malvern%Private%Hospital,%Wellington%House%(Eastern%Health),%
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South%Eastern%Alcohol%and%Drug%Service%(SEADS),%CoHealth%and%the%Stepping%Up%

Consortium.%Additionally,%all%participants%but%one%entered%treatment%voluntarily,%

ensuring%a%sample%that%is%reflective%of%the%wider%treatmentCseeking%population.%

$

2.2$ $ Background$measures$

Centre!for!Epidemiological!Studies!Depression!Scale!(CESBD;!Radloff,%1977):!This%20C

item%selfCreport%measure%assesses%depressive%affect%and%mood.%Scores%range%from%0C60,%

with%each%question%assigned%a%rating%from%0C3,%based%on%the%frequency%of%symptoms%

(e.g.%‘My%sleep%was%restless’%from%‘Rarely%–%less%than%one%day%per%week’%to%‘Most%or%all%of%

the%time%–%5C7%days%per%week’),%where%a%higher%rating%indicates%a%greater%number%of%

symptoms.%Four%reverseCworded%items%are%also%included%(e.g.%‘I%felt%I%was%just%as%good%

as%other%people’),%these%are%reverseCscored.%This%measure%is%not%diagnostic,%however,%a%

score%of%16%or%more%is%indicative%of%an%individual%who%may%be%at%risk%of%clinical%

depression%(Radloff,%1977).$This%measure%has%been%validated%in%a%drugCusing%sample%

(Golub%et%al.,%2004),$and%shows%internal%consistency%reliability%from%.63C.93%in%healthy%

and%clinical%groups,%testCretest%reliability%of%.61%(Devins%et%al.,%1988),%and%high%

convergent%validity%(Radloff,%1977).$The%current%study%used%the%CESCD%as%a%continuous%

measure%to%allow%for%the%statistical%control%of%low%mood.%Depressive%symptoms%are%

commonly%observed%in%early%recovery%from%MUD%(Luan%et%al.,%2017).%%

%

Severity!of!Dependence!Scale!(SDS):!This%fiveCitem%selfCreport%questionnaire%measures%

psychological%dependence%on%drugs%or%alcohol%(loss%of%control,%concern%about%use,%

difficulty%ceasing%use;%Gossop%et%al.,%1995).$All%items%load%heavily%on%one%item%

(Cronbach’s%alpha%=%.81%to%.90),%which%is%strongly%correlated%with%the%total%score%and%
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levels%of%use%(Gossop%et%al.,%1995).$A%cutCoff%of%four%or%greater%shows%71%%sensitivity%and%

77%%specificity%in%individuals%with%MUD%(McKetin,%McLaren,%Lubman,%&%Hides,%2006).$

In%the%current%research,%the%SDS%was%used%a%continuous%measure%that%allowed%

statistical%control%of%level%of%dependence%on%MA,%cannabis%and%alcohol.%%

%

Structured!Clinical!Interview!for!the!DSMBIV!(SCID;!First,%Spitzer,%Gibbon%&%Williams,%

1996):%This%is%an%interview%schedule%that%screens%for%disorders%described%in%the%DSMC

IV,%and%shows%strong%reliability%and%validity%for%detecting%substance%dependence%

(Hasin,%Hatzenbuehler,%Keyes,%&%Ogburn,%2006).%It%was%used%in%the%current%research%to%

determine%whether%participants%met%criteria%for%a%Major%Depressive%Episode%and%MUD.%

Participants%were%also%screened%for%dependence%on%drugs%other%than%MA,%which%

resulted%in%exclusion%from%the%study%(except%for%those%dependent%on%alcohol%or%

cannabis).%%

%

Wechsler!Abbreviated!Scale!of!Intelligence!–!Second!Edition!(WASIBII):!This%is%a%brief%

measure%of%cognitive%functioning%and%is%comprised%of%four%tasks%measuring%

performance%IQ%(visuospatial%abilities)%and%verbal%IQ%(language%comprehension%and%

expression).%The%WASICII%has%demonstrated%high%reliability%and%validity%(Wechsler%&%

HsiaoCpin,%2011)$and%has%previously%been%used%in%estimating%cognitive%function%in%

individuals%with%MUD%(Cuzen,%Koopowitz,%Ferrett,%Stein,%&%YurgelenCTodd,%2015).$In%

the%current%research,%this%measure%was%used%to%screen%individuals%with%intellectual%

disability%(IQ%<%70),%who%were%excluded%from%the%study.%%

%

%
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2.3$ $ Cognitive$measures$

Continuous!Performance!TestB2!(CPTB2):!This%14Cminute,%computerCbased%task%is%a%

measure%of%sustained%attention%and%impulsivity%(Conners,%2004).$Participants%are%

asked%to%press%the%spaceCbar%in%response%to%white%letters%of%the%Latin%alphabet%

appearing%on%a%black%screen,%except%for%the%letter%‘X’.%Letters%are%presented%for%250ms%

each,%and%new%stimuli%appear%at%varying%intervals%of%1,%2,%or%4s.%This%test%shows%good%

levels%of%internal%consistency%reliability%(Cronbach’s%alpha!=%.66%to%.95),%and%moderate%

convergent%and%construct%validity%(Strauss,%Sherman,%&%Spreen,%2006).$The%predictor%

variables%used%in%the%current%study%were%commission%errors%(motor%disinhibition)%and%

detectability%(cognitive%disinhibition)%in%Chapter%Four,%and%hit%reaction%time%standard%

error%(sustained%attention)%in%Chapter%Five.%%

%

Delay!Discounting!Task!(DDT;!Kirby,%Petry,%&%Bickel,%1999):!This%task%measures%the%

tendency%to%discount%the%value%of%a%reward%as%it%becomes%temporally%distant.%In%this%

27Citem%selfCreport%measure,%participants%are%presented%with%hypothetical%money%

options:%an%amount%to%be%received%immediately%or%a%larger%amount%to%be%received%after%

a%delay%(e.g.%‘Would%you%prefer%$31%today%or%$85%in%7%days?’).%This%measure%shows%good%

predictive%validity%(Kirby%et%al.,%1999),%internal%consistency%reliability%(Richards,%Zhang,%

Mitchell,%&%De%Wit,%1999)%and%testCretest%reliability%(Beck%&%Triplett,%2009).%The%

predictor%variable%used%in%Chapters%Three%and%Four%was%the%k!value%–%a%number%that%

indicates%the%rate%at%which%monetary%value%is%degraded%for%each%participant,%where%

larger%values%indicate%higher%levels%of%impulsivity.$

$
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Digit!Span!(Wechsler,%2008):%This%task%measures%working%memory%(the%ability%to%hold%

multiple%pieces%of%information%in%mind%for%a%brief%period).%An%examiner%reads%out%

numbers%at%a%rate%of%one%second%per%number.%After%the%examiner%has%finished,%the%

participant%repeats%back%these%numbers.%After%the%completion%of%each%trial,%the%length%

of%the%number%sequence%increases%by%one%number.%Within%each%trial%there%are%two%

items%(number%sequences%of%equal%length);%the%task%is%discontinued%when%a%participant%

responds%incorrectly%to%both%items%within%a%trial.%There%are%three%components%to%the%

task:%forwards%repetition,%backwards%repetition,%and%sequencing%(rearranging%numbers%

in%order%from%lowest%to%highest).%This%task%is%a%subtest%of%the%Wechsler%Adult%

Intelligence%ScaleCFourth%Edition%and%exhibits%strong%psychometric%properties%

(Wechsler,%2008).%The%value%for%longest%digit%span%sequencing%was%used%as%a%predictor%

variable%in%Chapter%Three.%

!

Worth!the!Effort!Task!(EEfRT;!Treadway%et%al.,%2009):%This%measure%assesses%effortC

based%decisionCmaking%(the%willingness%to%expend%energy%for%an%uncertain%reward).%

Participants%press%a%button%on%a%computer%keyboard%repeatedly%to%receive%a%reward.%

Participants%select%either%the%easy%task%($1%reward)%or%the%hard%task%(a%reward%ranging%

between%$1.24%and%$4.30).%To%complete%the%easy%task,%participants%make%30%button%

presses%with%their%dominant%index%finger%in%seven%seconds.%To%complete%the%hard%task,%

participants%make%100%button%presses%in%20%seconds%with%their%nonCdominant%little%

finger.%Rewards%are%not%guaranteed%to%be%paid;%prior%to%selecting%their%task,%the%screen%

displays%the%reward%amount%and%the%probability%of%being%paid%at%three%levels%(12%,%

50%,%88%).%This%measure%has%shown%good%external%and%concurrent%validity%(Horan%et%

al.,%2015),%and%testCretest%reliability%(Reddy%et%al.,%2015).%In%Chapter%Five,%the%proportion%
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of%selections%of%the%hard%task%in%the%medium%(50%)%probability%conditions%was%used%as%

a%predictor%variable.!

%

2.4$ $ Outcome$Measures$

Contemplation!Ladder!(Biener%&%Abrams,%1991):!This%measure%assesses%treatment%

readiness%and%motivation%and%consists%of%ten%statements%relating%to%recovery%and%

motivation%towards%treatment%(i.e.%the%bottom%‘rung’%is%the%statement%“No%thought%

about%quitting.%I%cannot%live%without%drugs”,%the%top%‘rung’%is%the%statement,%“I%have%

changed%my%drug%use%and%will%never%go%back%to%the%way%I%used%drugs%before.”)%The%

Contemplation%Ladder%has%shown%good%convergent%and%concurrent%validity%(Amodei%&%

Lamb,%2004;%Hogue,%Dauber,%&%Morgenstern,%2010)%and%discriminant%and%predictive%

validity%(Hogue%et%al.,%2010).%In%Chapter%Five,%the%dependent%variable%was%change%from%

in%Contemplation%Ladder%score%from%baseline%to%followCup%session%(Contemplation%

LadderT2%–%Contemplation%LadderT1).%

!

Methamphetamine!Concentration!in!Hair:%A%1cm.%strand%of%hair%was%taken%from%each%

participant%at%their%followCup%testing%session.%This%length%is%the%approximate%rate%of%

hair%growth%in%one%month.%The%hair%was%analysed%using%gas%chromatographyCmass%

spectrometry%(GCCMS)%to%determine%the%level%of%MA%metabolites%present,%measured%in%

ng/mg%(Meng%et%al.,%2009).%This%metric%provides%and%objective%and%continuous%

measure%of%MA%use%and%has%been%recommended%in%consensus%guidelines%as%the%most%

appropriate%technique%for%assessing%an%extended%period%of%drug%use%(Donovan%et%al.,%

2012).%Level%of%use%in%the%month%before%followCup%session%was%used%as%the%outcome%

measure%in%Chapter%Three.$
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The!Timeline!Followback!(TLFB;%Sobell%&%Sobell,%1996):%This%selfCreport%measure%

records%the%number%of%days%an%individual%has%used%drugs%or%alcohol%in%the%past%month.%

The%TLFB%consists%of%a%calendar%of%the%past%year%on%which%participants%mark%their%days%

of%use%with%the%ü!symbol.%The%TLFB%has%shown%convergent,%discriminant,%testCretest%

validity%and%high%levels%of%agreement%with%informants%and%objective%measures%of%drug%

use%(FalsCStewart,%O’Farrell,%Freitas,%McFarlin,%&%Rutigliano,%2000).$The%TLFB%has%also%

previously%been%used%with%MUD%samples%(Hides%et%al.,%2015;%Winhusen%et%al.,%2013).%In%

the%current%research,%this%measure%was%combined%with%hair%sample%data%to%confirm%

drug%use%frequency.%$

%

World!Health!Organisation!Quality!of!Life!Scale!–!Brief!Version!(WHOQOLBBREF):!

This%26Citem%selfCreport%scale%measures%an%individual’s%subjective%assessment%of%their%

position%in%life%in%the%context%of%their%culture%and%values,%and%consists%of%four%domains:%

physical,%psychological,%social%and%environmental%quality%of%life%(World%Health%

Organisation,%1998).%Each%item%is%measured%from%1C5%on%a%Likert%scale%(e.g.,%‘How%

satisfied%are%you%with%your%health?’%from%1%–%‘Very%poor’%to%5%–%‘Very%good’).%The%

WHOQOLCBREF%is%a%valid%tool%in%substance%dependent%samples%(Chang,%Wang,%Tang,%

Cheng,%&%Lin,%2014;%Da%Silva%Lima,%Fleck,%Pechansky,%De%Boni,%&%Sukop,%2005),$and%has%

shown%excellent%internal%consistency%reliability,%discriminant%and%construct%validity%

(Skevington,%Lofty,%&%O’Connell,%2004).%Social,%psychological,%physical%and%

environmental%domain%change%scores%were%used%as%outcome%measures%in%Chapter%

Four.$

$

$
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2.5$Procedures$

The%study%was%approved%by%the%Eastern%Health%Human%Research%Ethics%Committee%

(E52/1213).%Participants%were%introduced%to%the%study%by%a%clinician%involved%in%their%

care,%and%were%subsequently%screened%and%consented%by%a%researcher.%The%first%testing%

session%occurred%within%3%weeks%of%last%use%of%MA,%while%the%followCup%session%took%

place%six%weeks%after%the%baseline%session.%In%both%sessions,%participants%were%tested%on%

cognitive%predictor%measures.%QoL%and%treatment%motivation%were%also%measured%at%

both%time%points%so%that%change%scores%could%be%calculated.%A%hair%sample%(1%cm.%

length)%was%taken%at%the%followCup%session%to%test%for%MA%use%over%the%preceding%

month.%FollowCup%was%arranged%by%contacting%participants%by%telephone%or%email%or%

facilitated%by%their%treating%clinician.%Participants%received%a%$AUD40%gift%card%after%

completing%both%assessment%sessions.%Testing%was%conducted%by%the%first%two%authors,%

who%have%postCgraduate%training%in%clinical%assessment%methods.%
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Table&1:&Design,(number(of(participants,(cognitive(tasks,(outcome(measures(and(analytical(technique(used(in(each(study.((

Study(
(Chapter)(

Design( Participants( Cognitive(Tasks( Outcome(measure( Analytical(Technique(

1((4)( Longitudinal,(
observational(
cohort(study(
(

One(hundred(and(eight(
adults((75%(male;(age(M"=(
31.1;(years(of(use(M"=(6.9;(days(
use(past(month(M"=(23.4).(
Eighty(at(followQup.(

Delay(Discounting(
Task((DDT);(Digit(
Span(Sequencing(
(DSS)(

1cm.(length(of(hair.(GasQ
Chromatography(MassQ
Spectrometry((GCQMS)(
used(to(analyse(level(of(
methamphetamine(use(
over(past(month(
(ng./mg.)(

Multiple(regression(to(examine(
the(predictive(value(of(DDT(and(
DSS(on(methamphetamine(use(
after(controlling(for(nuisance(
variables.(Moderation(analysis(to(
determine(if(relationship(between(
DSS(and(methamphetamine(use(
moderated(by(DDT.(

2((5)( Longitudinal,(
observational(
cohort(study(
(

One(hundred(and(eight(
adults((75%(male;(age(M"=(
31.1;(years(of(use(M"=(6.9;(days(
use(past(month(M"=(23.4).(
Eighty(at(followQup.(

CPTQ2;(DDT( World(Health(
Organization(Quality(of(
Life(measure(Brief(
Version((WHOQoLQ
BREF),(social,(
psychological,(physical,(
environmental(domains(
(change(score)(

Four(multiple(regression(analyses(
to(determine(predictive(value(of(
two(CPTQ2(measures(and(one(
DDT(measure(on(four(domains(of(
quality(of(life,(after(controlling(
for(nuisance(variables.(

3((6)( Longitudinal,(
observational(
cohort(study(
(

SeventyQtwo(adults((70%(
male;(age(M"=(31.1;(years(of(
use(M(=(7.2;(days(use(past(
month(M"=(23.4).(Fifty(at(
followQup.(

CPTQ2;(Effort(
expenditure(for(
rewards(task(
(EEfRT)(

Contemplation(Ladder(
(change(score)(

Multiple(regression;(predictive(
value(of(one(level(of(the(EEfRT(
and(one(CPTQ2(variable(on(
change(in(treatment(motivation,(
after(controlling(for(nuisance(
variables.(
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Abstract!
!
Background:,Early!treatment!motivation!is!a!meaningful!predictor!of!clinical!outcomes!

in!the!context!of!methamphetamine!use!disorder!(MUD).!Cognitive!deficits!associated!

with!MUD!can!have!a!significant!impact!on!motivational!fluctuations!during!early!

treatment.!We!specifically!examined!if!sustained!attention!and!effort@based!decision@

making!predict!early!treatment!motivation!change!in!individuals!with!MUD.!We!

hypothesised!that!both!variables!would!be!significant!predictors!of!individual!

differences!in!treatment!motivation!change.,

Methods:,We!conducted!a!longitudinal,!observational,!cohort!study!on!individuals!

with!MUD!(N,=!72,!Age,!M,=!31.1,!SD,=!7.3,!29%!female).!Participants!were!assessed!

with!cognitive!tests!of!sustained!attention!(continuous!performance!test)!and!effort@

based!decision@making!(effort!expenditure!for!rewards!task)!within!three!weeks!of!

entering!treatment!and!rated!their!treatment!motivation!at!baseline!and!at!follow!up!

six!weeks!later!(n!=!50).!Multiple!regression!was!used!to!examine!the!predictive!value!

of!cognitive!variables!after!controlling!for!nuisance!variables.,

Results:,Cognitive!measures!significantly!predicted!change!in!treatment!motivation!

after!accounting!for!nuisance!variables,!F(5,43)!=!2.89,!p!=!.025.!Analysis!of!individual!

predictors!showed!that!sustained!attention,!but!not!decision@making,!was!a!significant!

predictor!of!less!improvement!in!treatment!motivation!(β,=!@.34,!p,=!.015).,

Conclusions:,Poorer!sustained!attention!predicts!lesser!improvement!in!motivation!

during!early!treatment.!These!findings!help!to!characterise!cognitive!predictors!of!

treatment!motivation!and!suggest!directions!for!tailored!treatment!programs.!

Individuals!entering!treatment!with!attentional!deficits!may!benefit!from!adjustments!

to!therapy!and/or!cognitive!remediation.!
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1.!Introduction!

Treatment!motivation!represents!a!drive!to!engage!with!the!requirements!of!a!

treatment!program!and!thus!achieve!therapeutic!goals!(Drieschner,!Lammers,!&!van!

der!Staak,!2004;!O’Donohue,!James,!&!Snipes,!2017).!This!construct!is!critical!to!

successful!recovery!from!addiction!and!predicts!treatment!completion!(Ball,!Carroll,!

Canning@Ball,!&!Rounsaville,!2006)!and!long@term!abstinence!(Myers,!van!der!

Westhuizen,!Naledi,!Stein,!&!Sorsdahl,!2016).!Individuals!with!methamphetamine!use!

disorder!(MUD)!are!particularly!vulnerable!to!low!levels!of!motivation!following!

cessation!of!use!(Fiorentine!et!al.,!1999),!and!exhibit!very!poor!rates!of!long@term!

abstinence!(Herbeck!&!Brecht,!2013;!Zorick!et!al.,!2010).!Early!treatment,!specifically!

the!first!two!months,!is!associated!with!very!high!variability!in!treatment!motivation!

(Baker!et!al.,!2005),!and!is!a!period!of!high!vulnerability!to!relapse!in!individuals!with!

MUD!(Brecht!&!Herbeck,!2014).!Despite!the!importance!of!this!period,!previous!

research!has!not!examined!the!factors!underlying!early!changes!in!treatment!

motivation!in!the!context!of!MUD.!Individuals!with!MUD!have!cognitive!deficits!in!

the!domains!of!attention,!memory!and!cognitive!control!or!impulsivity!(Dean,!

Groman,!Morales,!&!London,!2013).!Moreover,!these!deficits!are!associated!with!

clinical!problems!in!areas!related!to!change!in!treatment!motivation:!engagement!with!

treatment!sessions!(Aharonovich,!Amrhein,!Bisaga,!Nunes,!&!Hasin,!2008),!

exploration!of!different!perspectives!and!learning!new!behaviours!(Katz!et!al.,!2005),!

and!interpersonal!engagement!(Henry,!Mazur,!&!Rendell,!2009).!Therefore,!cognitive!

function!may!be!an!important!predictor!of!changes!in!treatment!motivation!among!

individuals!with!MUD.!!

!
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Attentional!function!is!a!component!of!cognition!that!is!particularly!important!

in!the!context!of!treatment!motivation.!Sustained!attention!is!the!ability!to!maintain!a!

similar!level!of!attention!to!a!stimulus!over!time,!as!is!required!in!cognitive!and!

behavioural!components!of!individual!counselling!in!drug!treatment!(Sofuoglu,!

DeVito,!Waters,!&!Carroll,!2013).!Poorer!sustained!attention!in!individuals!with!MUD!

is!significantly!associated!with!diminished!performance!in!daily!functioning!and!

greater!cognitive!complaints,!including!deficits!in!communication!and!comprehension!

(Morgan!et!al.,!2014).!Such!deficits!are!likely!to!reduce!the!ability!to!effectively!engage!

in!the!treatment!process.!However,!despite!this!theoretical!link!between!sustained!

attention!and!change!in!treatment!motivation,!previous!literature!is!limited!to!

stimulants!other!than!methamphetamine.!In!cocaine!users,!Carroll!et!al.,!(2011)!found!

that!poorer!sustained!attention!was!significantly!predictive!of!reduced!engagement!

and!motivation!(fewer!sessions!and!tasks!completed)!in!a!psychological!treatment!

program.!In!another!stimulant!(nicotine),!better!performance!in!a!task!of!sustained!

attention!significantly!predicted!membership!in!a!therapeutic!group!defined!by!more!

engagement!with!a!treatment!program!and!reduced!nicotine!use!(Harris!et!al.,!2014).!!

!

Decision@making!similarly!plays!an!important!role!in!change!in!treatment!

motivation.!Individuals!with!MUD!report!more!impulsive!decision@making!than!

healthy!controls,!accompanied!by!greater!difficulty!in!day@to@day!measures!of!

cognitive!functioning!(e.g.,!inhibition,!emotional!control,!self@monitoring;!Ellis!et!al.,!

2016).!This!cognitive!profile!may!represent!a!short@term!focus!in!which!the!long@term!

benefits!of!treatment!may!be!difficult!to!access/comprehend!(Washio!et!al.,!2011).!

Indeed,!impulsive!decision@making!also!significantly!predicted!disengagement!with!a!
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12@week!psychologically@focused!treatment!program!for!individuals!with!MUD!(Chen,!

Chen,!&!Wang,!2015).!In!a!criminal!justice!sample!of!individuals!with!MUD,!self@

reported!short@term!focused!decision@making!significantly!predicted!a!6@9!month!

longitudinal!measure!of!change!in!treatment!motivation!(including!satisfaction,!

rapport,!participation!and!support;!Joe,!Rowan@Szal,!Greener,!Simpson,!&!Vance,!

2010).!These!findings!suggest!that!a!short@term!focus!underpins!the!link!between!

decision@making!and!changes!in!treatment!motivation.!This!short@term!focus!may!be!

related!to!specific!components!of!decision@making:!placing!greater!value!on!

immediate!rewards,!and!a!reluctance!to!exert!effort!for!future,!uncertain!rewards.!Both!

of!these!components!can!be!assessed!with!effort@based!decision@making!tasks,!which!

require!a!prolonged!effort!for!a!reward!that!is!not!guaranteed,!and!specifically!

addresses!motivational!elements!of!decision@making!(Treadway,!Buckholtz,!

Schwartzman,!Lambert,!&!Zald,!2009).!The!effort@based!decision@making!process!may!

be!analogous!to!the!treatment!process,!where!participants!engage!in!an!ongoing!

‘decisional!balance’!of!evaluating!the!benefits!and!limitations!of!applying!effort!to!a!

treatment!program!with!an!uncertain!outcome!(Le!Berre!et!al.,!2012).!Therefore,!effort@

based!decision@making!may!measure!the!ability!to!maintain!motivation!over!time!

despite!uncertain,!delayed!rewards.!!

!

In!summary,!previous!research!has!shown!that!poorer!attention!and!decision@

making!are!generally!linked!to!lower!treatment!motivation!in!the!context!of!stimulant!

addiction.!However,!in!people!with!MUD,!motivation!fluctuates!significantly!

throughout!the!early!months!of!treatment!(Baker!et!al.,!2005)!and!this!is!a!key!

indicator!of!long@term!treatment!outcomes!(Ball!et!al.,!2006;!Myers!et!al.,!2016;!Tuliao!
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&!Liwag,!2011).!Although!previous!studies!have!not!examined!the!cognitive!factors!that!

contribute!to!the!stability!or!variability!of!treatment!motivation!during!MUD!

treatment,!sustained!attention!and!effort@based!decision@making!are!conceptually!

relevant!domains.!Patients!with!MUD!typically!show!lower!levels!of!sustained!

attention!compared!with!healthy!controls!(Hosak!et!al.,!2011)!and,!anecdotally,!these!

deficits!seem!to!be!reflected!in!treatment!performance!(e.g.,!Morgan!et!al.,!2014).!

Although!there!is!no!research!on!effort@based!decision@making!in!people!with!MUD,!

rodent!research!has!shown!that!methamphetamine!exposure!is!linked!to!steeper!

discounting!of!the!value!of!rewards!when!they!require!significant!effort!(Thompson!et!

al.,!2017).!Therefore,!patients!with!MUD!with!poorer!effort@based!decision@making!

may!experience!loss!of!motivation!during!the!course!of!treatment!(i.e.,!discounting!of!

the!reward!value!of!treatment!as!a!function!of!perceived!effort!required!to!complete!

it).!

!

We!aimed!to!examine!the!extent!to!which!performance!in!objective!cognitive!

measures!of!sustained!attention!and!effort@based!decision@making!are!longitudinally!

predictive!of!change!in!treatment!motivation!over!the!first!six!weeks!of!treatment!for!

MUD.!Cognitive!measures!were!administered!within!the!first!three!weeks!of!treatment!

(the!baseline!session),!and!a!measure!of!treatment!motivation!was!recorded!at!the!

baseline!session!and!at!a!follow@up!six!weeks!after!the!baseline!session.!We!

hypothesized!that!lower!levels!of!sustained!attention!and!effort@based!decision@

making!would!predict!a!lower!change!in!early!treatment!motivation.!!

!

!
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2.!Material!and!Methods!

2.1,Design,

Participants!with!MUD!were!assessed!with!a!cognitive!battery!including!the!specific!

measures!of!sustained!attention!and!effort@based!decision@making!within!the!first!

three!weeks!after!commencing!treatment!(baseline),!and!a!measure!of!treatment!

motivation!at!two!time!points:!at!baseline!and!at!a!follow!up!session!six!weeks!after!

their!first!session.!!

,

2.2,Participants,

Our!sample!comprised!72!participants!with!MUD!at!baseline!testing!(Age,!M,=!31.1,!SD,

=!7.3,!21!females),!recruited!through!private!and!public!detoxification!and!

rehabilitation!facilities,!and!community@based!counselling!organisations!in!suburban!

Melbourne,!Australia!from!April!2015!to!December!2016.!Participants!were!engaged!in!

three!forms!of!treatment:!residential!rehabilitation!(n!=!37),!detoxification!only!(n!=!

21),!and!outpatient!counselling!(n!=!14).!Residential!rehabilitation!consisted!of!

psychological!(e.g.,!cognitive!behavioural!therapy,!relapse!prevention)!and!behavioural!

interventions!(e.g.,!exercise,!art!therapy)!in!group!and!individual!contexts,!in!a!

hospital!setting!for!4@6!weeks.!Detoxification!involved!medically!supervised!

detoxification!for!seven!to!10!days!prior!to!discharge!into!the!community.!Outpatient!

counselling!involved!weekly!or!fortnightly!individual!or!group!therapy!utilising!

cognitive,!behavioural!and!motivational!components,!while!remaining!in!the!

community.!

!
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The!sample!size!was!determined!a,priori,using!the!G*Power!program:!80%!power,!

alpha!level!=!0.05!and!a!moderate!effect!size!(Morgan!et!al.,!2014).!The!study!assumed!

a!30%!attrition!rate,!based!on!similar!longitudinal!studies!of!individuals!with!MUD!

(e.g.,!Simon!Dean,!Cordova,!Monterosso,!&!London,!2010).!!!

!

The!selection!criteria!included!the!following!requirements:!aged!18@55!years,!meet!

DSM@IV!criteria!for!MUD!determined!by!the!Structured!Clinical!Interview!for!the!

DSM@IV!(SCID;!First,!Spitzer,!Gibbon,!&!Williams,!1996),!abstinent!for!at!least!two!

days!and!no!more!than!three!weeks!(self@report!and!clinician!confirmed).!Participants!

were!excluded!if!they!reported:!loss!of!consciousness!>30!minutes,!a!history!of!bipolar!

disorder,!schizophrenia,!psychotic!disorders,!or!dependence!on!substances!other!than!

methamphetamine,!alcohol,!or!cannabis!(measured!by!the!SCID).!Participants!with!an!

intellectual!disability!(IQ!<70!as!determined!by!the!Wechsler!Abbreviated!Scale!of!

Intelligence!2)!were!also!excluded.!

!

2.3,Measures,

2.3.1,Background,measures,

2.3.1.1,Wechsler,Abbreviated,Scale,of,Intelligence,–,Second,Edition,(WASIK2):,This!is!a!

brief!measure!of!general!cognitive!functioning!with!four!tasks,!assessing!performance!

IQ!(visuospatial!abilities)!and!verbal!IQ!(understanding!and!use!of!language).!Our!

study!used!a!two@task!IQ!estimate,!using!Vocabulary!and!Matrix!Reasoning!tasks.!The!

WASI@2!is!valid!and!reliable!in!non@clinical!(Wechsler!&!Hsiao@pin,!2011)!and!MUD!

populations!(King!Alicata,!Cloak,!&!Chang,!2010).!

!
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2.3.1.2,Severity,of,Dependence,Scale,(SDS):!The!SDS!is!a!5@item!self@report!measure!of!

level!of!dependence!on!a!substance,!with!high!validity!and!reliability!in!substance@

dependent!populations!(Gossop!et!al.,!1995).!Questions!are!rated!on!a!four@point!scale!

(e.g.,!‘how!difficult!would!you!find!it!to!stop!or!go!without!(drug)?’!from!‘Not!difficult!

at!all’!to!‘Impossible’).!Our!study!used!the!methamphetamine,!cannabis!and!alcohol!

versions!of!the!scale.!The!baseline!SDS!scores!were!considered!as!potential!control!

variables;!higher!scores!appear!to!be!associated!with!motivation!at!baseline!(McKetin!

et!al.,!2012).!!!

!

2.3.1.3,Timeline,Followback,(Sobell!&!Sobell,!1996):!This!self@report!measure!of!drug!use!

consists!of!a!blank!calendar!on!which!a!participant!marks!each!day!of!use.,We!used!

this!measure!to!obtain!a!baseline!record!of!methamphetamine!use!in!the!month!

before!treatment,!and!the!month!before!the!participant’s!follow@up!assessment!as!a!

potential!control!variable.!!!

!

2.3.1.4,Centre,for,Epidemiological,Studies,Depression,Scale,(CES@D):!This!scale!is!a!20@

item,!self@report!measure!of!low!mood,!with!high!validity!and!reliability!(Orme,!Reis,!

&!Herz,!1986).!Each!question!is!rated!on!a!four@point!scale,!based!on!symptom!

frequency!(e.g.,!I!felt!lonely,!from!‘Rarely!or!none!of!the!time’!to!‘Most!or!all!of!the!

time’).!Ratings!for!each!question!are!assigned!a!number!from!0@3.!A!higher!total!score!

indicates!a!higher!level!of!depressive!symptomatology,!and!was!used!as!a!potential!

control!variable!to!account!for!low!mood,!a!high!prevalence!symptom!in!early!recovery!

from!MUD!(Luan!et!al.,!2017).!!

!
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2.3.2,Cognitive,Measures,

2.3.2.1,The,Effort,Expenditure,for,Rewards,Task,(EEfRT;,Treadway!et!al.,!2009):!This!

computer@based!task!measures!the!willingness!to!expend!effort!for!an!uncertain!

monetary!reward.!In!each!trial,!participants!select!an!easy!task!($1!reward)!or!hard!task!

($1.24@$4.30!reward).!The!tasks!involves!pushing!a!computer!key!either!20!times!in!

seven!seconds!with!the!dominant!index!finger!(easy!task)!or!100!times!in!20!seconds!

with!the!non@dominant!little!finger!(hard!task).!The!probability!of!receiving!the!

associated!reward!after!completing!the!task!varies!(12%,!50%!or!88%).!EEfRT!shows!

high!levels!of!validity!and!reliability!in!populations!with!cognitive!deficits!(Horan!et!

al.,!2015;!Reddy!et!al.,!2015).!To!maintain!adequate!power,!the!current!study!used!only!

the!proportion!of!hard!task!selection!at!50%!probability!of!reward!as!a!predictor,!as!

this!reflects!decision@making!in!a!situation!of!high!uncertainty,!while!the!12%!and!88%!

conditions!tend!to!exhibit!low!and!high!selections!of!hard!tasks!respectively!in!healthy!

populations!(Treadway!et!al.,!2009),!and!therefore!the!proportion!of!selections!in!

these!conditions!may!not!be!reflective!of!cognitive!changes!due!to!methamphetamine!

use.!!

!

2.3.2.2,Continuous,Performance,Test,–,Second,Edition,(CPTK2),

The!CPT@2!is!a!computer@based!task!of!attention!that!takes!14!minutes!to!complete!

and!shows!good!levels!of!validity!and!reliability!(Conners,!2004).!During!the!test,!

letters!of!the!Latin!alphabet!flash!in!white!on!a!black!screen!and!participants!press!the!

space!bar!after!each!letter!except!for!X.!Letters!are!presented!for!250ms,!after!which!a!

new!stimulus!appears!after!either!1,!2!or!4s.!The!variable!used!in!the!current!study!is!

‘Hit!Reaction!Time!standard!error’.!This!variable!indicates!reaction!time!consistency!
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over!the!course!of!the!task,!which!reflects!the!sustained!attention!construct!(Egeland!

&!Kovalik@Gran,!2010a;!Egeland!&!Kovalik@Gran,!2010b).!!

!

2.3.2,Outcome,Measure,

2.3.2.1,Contemplation,Ladder,(Biener!&!Abrams,!1991):!This!measure!comprises!10!

statements!relating!to!recovery!and!motivation!towards!ceasing!drug!use.!A!rating!of!

zero!corresponds!with!‘No!thought!about!quitting.!I!cannot!live!without!drugs.’,!while!

a!rating!of!ten!corresponds!with!the!statement!‘I!have!changed!my!drug!use!and!will!

never!go!back!to!the!way!I!used!drugs!before.’!This!measure!has!shown!excellent!

psychometric!properties!in!substance!dependent!individuals!as!a!measure!of!treatment!

motivation!(Amodei!&!Lamb,!2004;!Hogue,!Dauber,!&!Morgenstern,!2010).!We!were!

specifically!interested!in!the!fluctuation!of!motivation!over!time!and!therefore!the!

dependent!variable!was!the!‘change!in!motivation!score.’!Baseline!scores!were!

subtracted!from!scores!at!the!follow@up!session!(change!in!motivation!score!=!

Contemplation!LadderT2!–!Contemplation!LadderT1).!

!

2.4,Procedures,

The!Eastern!Health!Human!Research!Ethics!Committee!approved!the!study!(E52/1213).!

Individuals!with!MUD!commencing!treatment!were!introduced!to!the!study!by!one!of!

their!primary!clinicians,!before!screening!and!consenting!by!a!researcher.!!

!

Fifty!participants!(71%!of!the!sample)!completed!the!follow@up!assessment!(M,=!44.7!

days,!SD,=!5.8);!the!remaining!22!participants!were!unreachable!or!refused!to!

participate!further.!There!were!no!significant!differences!on!background!or!cognitive!
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characteristics!between!completers!and!dropouts!(tmax!=!@1.99!pmin!=!.051).!After!

completing!both!sessions,!participants!received!a!$AUD40!gift!card.!The!first!two!

authors,!who!have!post@graduate!training!in!clinical!assessment!methods,!conducted!

all!assessments.!!

!

2.5,Statistical,Analysis,

We!performed!all!analyses!in!the!IBM!SPSS!(Version!21.0)!statistical!package.!Data!

were!assessed!for!missing!data,!outliers,!and!distribution.!There!were!no!univariate!or!

multivariate!outliers!in!the!data.!Pairwise!deletion!was!used!for!the!two!participants!

with!missing!data!for!the!EEfRT!task.!The!proportion!of!missing!data!was!less!than!5%!

and!therefore!did!not!require!imputation!(Tabachnick!&!Fidell,!2013).!!

!

We!conducted!a!multiple!regression!analysis!to!examine!the!predictive!value!of!effort@

based!decision@making!and!sustained!attention!on!treatment!motivation!change.!We!

conducted!preliminary!analyses!to!determine!which!demographic!and!clinical!

variables!(i.e.,!age,!gender,!IQ,!treatment!modality,!severity!of!dependence!scores!for!

alcohol,!cannabis!and!methamphetamine,!level!of!depressive!symptoms,!days!of!

methamphetamine!use!over!past!month)!were!associated!with!the!outcome!measure.!

Treatment!modality!(r,=!.16),!severity!of!dependence!score!for!alcohol!(r,=!@.12)!and!

depressive!symptoms!(r!=!.11)!showed!the!highest!correlations!with!treatment!

motivation!change!(all!other!variables!r,<!.10)!and!were!therefore!added!as!nuisance!

variables!to!the!regression!model.!In!the!analysis,!nuisance!variables!were!entered!in!

the!first!block,!and!cognitive!variables!of!sustained!attention!(‘hit!reaction!time’!

standard!error)!and!the!effort@based!decision@making!variable!(proportion!of!hard!
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selections!at!50%!probability!of!being!paid!the!reward)!in!the!second!block.!The!key!

statistics!were!the!change!in!the!F,and!p,values!associated!with!the!predictor!variables!

and!the!Beta,values!of!individual!predictors!in!the!full!model.!!

!

There!is!a!tendency!for!motivation!to!change!(and!often!improve)!in!early!treatment!in!

the!absence!of!an!intervention!(~12@25%!of!participants!in!a!similar!sample;!Hughes,!

Keely,!Fagerstrom,!&!Callas,!2005).!Therefore,!we!conducted!sensitivity!analyses!to!

ensure!independent!relationships!between!cognitive!variables!and!baseline!

motivation/change!in!motivation.!

!

3.!Results!

3.1,Background,characteristics,

Participants’!demographic!and!clinical!characteristics!are!illustrated!in!Table!1.!The!

majority!of!the!sample!was!male,!most!participants!were!unemployed!and!smoked!

methamphetamine!as!their!primary!route!of!administration,!while!more!than!half!of!

participants!had!used!intravenously!at!some!point!(54.3%).!!

!

3.2,Change,in,motivation,

Contemplation!Ladder!score!at!baseline!did!not!differ!significantly!between!

completers!and!non@completers!(t,=!1.87,!p,=!.067).!On!average,!participants!expressed!

a!high!level!of!motivation!at!the!start!of!treatment,!which!increased!slightly!at!the!

follow@up!session.!Change!in!motivation!(M,=!.51)!exhibited!a!relatively!wide!standard!

deviation!(SD,=!1.54)!as!originally!expected.!Group!changes!and!inter@individual!

variability!on!treatment!motivation!are!displayed!for!illustrative!purposes!in!Figure!1.!
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!

3.3,Link,between,baseline,cognitive,function,and,change,in,treatment,motivation,

Table!2!shows!the!results!of!the!regression!model.!Nuisance!variables!(treatment!

modality,!severity!of!dependence!score!for!alcohol,!level!of!depressive!symptoms)!non@

significantly!predicted!change!in!early!treatment!motivation,!F(3,45)!=!1.58,!p,=!.208.!

The!addition!of!effort@based!decision@making!and!sustained!attention!predictors!

significantly!improved!the!predictive!value!of!the!model!FΔ(2,43)!=!4.48,!p,=!.017,!and!

explained!an!additional!12.9%!of!variability!in!change!in!Contemplation!Ladder!scores,!

and!resulted!in!a!significant!model,!F(5,43)!=!2.89,!p!=!.025.!‘Hit!reaction!time’!

standard!error!emerged!as!a!significant!predictor!(β,=!@.34,!p,=!.015),!however!EEfRT!

medium!(β,=!.18,!p,=!.189)!did!not.!For!each!unit!increase!in!sustained!attention!

(indicating!higher!variability)!there!was!a!decrease!of!0.34!units!in!change!in!

motivation.!!

,

3.4.,Sensitivity,analysis,

To!ensure!that!the!longitudinal!results!were!not!driven!by!cross@sectional!relationships!

between!the!cognitive!predictors!and!treatment!motivation,!we!re@ran!the!model!using!

baseline!treatment!motivation!as!the!outcome!variable.!Neither!of!the!cognitive!

variables!were!significant!predictors!of!baseline!treatment!motivation!(βmax,=!@0.22,!

pmin!=!.072).!!

!

4.!Discussion!

Our!study!examined!whether!performance!in!tests!of!effort@based!decision@

making!and!sustained!attention!at!the!start!of!treatment!predicted!change!in!
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motivation!over!the!following!six!weeks!among!individuals!with!MUD.!Poorer!

sustained!attention,!indicated!by!a!measure!of!attentional!fluctuation,!predicted!lesser!

improvement!in!treatment!motivation.!Effort@based!decision@making!and!other!

demographic!and!clinical!variables!did!not!predict!change!in!treatment!motivation.!!

!

This!is!the!first!study!that!links!sustained!attention!and!treatment!motivation!

in!MUD,!but!is!consistent!with!past!literature!in!the!context!of!cocaine!(Carroll!et!al.,!

2011)!and!nicotine!dependence!(Harris!et!al.,!2014).!This!finding!may!be!partly!

understood!by!the!relationship!between!poorer!sustained!attention!and!difficulty!

absorbing!content!during!treatment!sessions!(Medalia!&!Choi,!2009),!lower!levels!of!

skill!acquisition!(Kurtz,!Seltzer,!Fujimoto,!Shagan,!&!Wexler,!2009)!and!poorer!social!

engagement!(Kurtz,!2011)!as!observed!in!other!populations!with!similar!cognitive!

deficits.!During!psychological!treatment!sessions,!substance!dependent!individuals!

with!impaired!sustained!attention!show!a!reduced!ability!to!focus!on!therapeutic!

content!(Zulauf,!Sprich,!Safren,!&!Wilens,!2014)!and!explore!more!complex!concepts!

and!perspectives!(Aharonovich!et!al.,!2008).!The!combination!of!these!factors!may!

underpin!the!link!between!attentional!dysfunction!and!diminished!motivation.!!

!

Effort@based!decision@making!did!not!predict!change!in!treatment!motivation!

in!our!results.!A!previous!study!found!decision@making!significantly!predicted!change!

in!treatment!motivation!outcomes,!however,!this!study!examined!self@reported!

decision@making!(Joe!et!al.,!2010)!rather!than!an!objective!‘effort@based’!task.!Another!

study!examined!decision@making!in!the!context!of!a!psychologically@based!treatment!

program,!but!measured!dropout!rather!than!treatment!motivation!(Chen!et!al.,!2015).!
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These!previous!findings!may!reflect!a!tendency!to!make!ill@considered!decisions!rather!

than!less!willingness!to!expend!effort!for!an!uncertain!outcome.!In!contrast!to!

expectations,!changes!in!treatment!motivation!may!be!related!to!discrete!moments!of!

inopportune!decision@making!(e.g.!an!outburst!in!session,!deciding!to!leave!therapy!

against!advice)!rather!than!consideration!of!the!‘big!picture’!and!whether!a!long@term!

sacrifice!is!worthwhile.!Furthermore,!the!worth!the!effort!task!involves!only!a!very!

brief!period!of!testing!(e.g.!maximal!effort!is!required!for!20!seconds!at!most)!and!may!

not!model!the!long@term!process!of!treatment.!

!

! Our!findings!need!to!be!considered!in!the!context!of!limitations.!In!the!current!

study,!22!participants!(31%)!were!lost!to!attrition.!Participants!who!experienced!lower!

levels!of!motivation!are!less!likely!to!have!completed!the!study,!and!as!a!result,!

motivation!scores!at!follow@up!may!have!been!inflated,!which!may!partly!explain!high!

rates!of!motivation!at!baseline!and!follow@up.!Additionally,!the!follow@up!period!in!the!

study!was!brief!at!six!weeks.!However,!MUD!treatment!episodes!are!typically!short!

(around!two!months;!McKetin!et!al.,!2017),!and!therefore!the!current!study!leads!to!a!

greater!understanding!of!the!drivers!of!treatment!motivation!prior!to!discharge!or!

withdrawal.!Finally,!the!sample!included!a!small!number!of!participants!with!cannabis!

and!alcohol!use!or!dependence.!Although!these!substances!can!impair!cognition,!the!

inclusion!of!these!participants!ensured!a!representative!sample!(Lubman!et!al.,!2016),!

and!the!impact!of!these!variables!was!controlled!in!statistical!analyses.!

,

4.1,Conclusions,

! Notwithstanding!these!limitations,!our!study!has!meaningful!clinical!
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implications.!Individuals!with!MUD!entering!treatment!with!deficits!in!sustained!

attention!may!benefit!from!adjustments!to!therapy!such!as!those!implemented!in!

other!groups!with!attentional!problems!(consolidation!of!recently@learned!skills,!

regular!reviews!of!key!content;!Ramsay,!2017).!These!patients!may!also!benefit!from!

cognitive!remediation!therapy,!which!has!been!particularly!effective!in!improving!

sustained!attention!in!other!populations!with!cognitive!impairment!(Kurtz,!2011).!In!

one!variation!of!cognitive!remediation,!a!combination!of!Motivational!Interviewing!

and!chess!significantly!improved!attentional!functioning!in!the!first!month!of!

treatment!for!stimulant!users!(Goncalves!et!al.,!2014).!These!interventions!enhance!the!

ability!to!maintain!attention!over!time!and!to!retain!in@session!content,!which!are!

critical!skills!in!individual!and!group!treatment!settings!(Sofuoglu!et!al.,!2013)!and!play!

a!key!role!in!the!ability!to!remain!engaged!and!motivated!in!the!treatment!process!

(Aharonovich!et!al.,!2008).!Future!research!may!explore!the!effectiveness!of!the!

combination!of!tailored!treatment!programs!and!cognitive!remediation!for!individuals!

with!MUD!with!attentional!deficits.!!

!

!

!

!

!

!

!

!

!
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Table!1.!Demographic!and!clinical!characteristics!of!the!sample!

! Mean/N(%)! SD!
Age! 31.1! 7.4!
Sex!(M/F)! 49!(70.0%)! !
Years!of!Education! 13.1! 2.6!
IQ!estimate! 97.0! 11.3!
Unemployed! 50!(71.4%)! !
Smokers! 57!(81%)! !
!!!Cigarettes,per,month, 405.5! 274.3!
Daily!level!of!use!(grams)! .81! .69!
Days!of!use!in!month!prior!to!treatment! 23.4! 9.3!
Years!use!prior!to!treatment! 7.2! 5.3!
Age!commenced!use! 23.7! 8.3!
Route!of!administration! ! !
,,,Smoking, 43!(61.4%)! !
,,,Intravenous, 22!(31.4%)! !
,,,Multiple,routes, 5!(7.1%)! !
Ever!used!intravenously! 38!(54.3%)! !
Methamphetamine!SDS! 10.4! 3.5!
Cannabis!use! 31!(44.3%)! !
Cannabis!dependence! 18!(25.7%)! !
Cannabis!SDS! 2.7! 4.3!
Alcohol!use! 35!(50.0%)! !
Alcohol!dependence! 6!(8.6%)! !
Alcohol!SDS! 2.0! 3.5!
CES@D!score! 28.1! 12.6!
Clinical!measures! Mean! SD!
Contemplation!ladder!baseline! 8.47! 1.35!
Contemplation!ladder!follow@up! 8.75! 1.23!
Contemplation!ladder!change! .51! 1.54!
CPT@2!Reaction!Time!Standard!Error!(T@
score)!

59.53! 15.19!

EEfRT!proportion!hard!selections!
(medium)!

.53! .21!

,

Note:,SDS,!Severity!of!Dependence!Scale;!CES@D,!Centre!for!Epidemiological!Studies!
Depression!Scale;!CPT@2,!Continuous!Performance!Test@2;!EEfRT,!The!Effort!
Expenditure!for!Rewards!Task.!Mean!of!Contemplation!ladder!baseline!score!derived!
from!complete!sample!(n,=!72).!
!

!

!

!
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Table!2.!Findings!from!the!multiple!regression!examining!the!predictive!value!of!

effort@based!decision@making!and!sustained!attention!on!change!in!treatment!

motivation.!

Outcome! Change!in!Contemplation!Ladder!score!
! F,Δ! Adj.,R

2,Δ, β,[95%!CI]! Sig.,

Block,1, 1.58! .035! ! .208!
SDS!alcohol! ! ! @.18![@.47,!.11]! .215!
CES@D! ! ! .24![@.07,!.54]! .128!
Treatment!
modality!
(residential)!

! ! .21![@.09,!.52]! .166!

Block,2, 4.48! .129! ! .017!
SDS!alcohol! ! ! @.13![@.41,!.14]! .332!
CES@D! ! ! .28![@.01,!.57]! .055!
Treatment!
modality!
(residential)!

! ! .22![@.06,!.50]!! .126!

CPT@2!Reaction!
Time!Standard!
Error!(T@Score)!

! ! @.34![@.62,!@.07]! .015!

EEfRT!medium! ! ! .18![@.09,!.45]! .189!
!
Note:,SDS,!Severity!of!Dependence!Scale;!CES@D,!Centre!for!Epidemiological!Studies!
Depression!Scale;!CPT@2,!Continuous!Performance!Test@2;!EEfRT,!The!Effort!
Expenditure!for!Rewards!Task.!
!

!

!

!

!

!

!

!

!

!



! 129!

,

Figure,1:,Mean!level!of!motivation!at!baseline!and!follow@up,!and!individual!motivation!

trajectories!for!each!participant.!
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6! ! Discussion!

This!chapter!examines!the!key!findings!of!the!thesis!in!the!context!of!the!

original!research!aims!and!past!research!in!cognitive!deficits!and!treatment!outcomes!

in!MA!and!stimulant!dependent!individuals.!Subsequently,!clinical!implications,!

overall!strengths!and!weaknesses,!and!suggestions!for!future!research!are!discussed,!

followed!by!concluding!remarks.!!

!

6.1! ! Key!Findings!

This!section!summarises!the!major!findings!of!the!thesis.!We!had!three!main!

aims,!namely,!to!determine:!(i)!the!predictive!value!of!cognitive!measures!of!the!dual@

systems!model!(cognitive!control!and!impulsivity)!on!levels!of!MA!use!during!early!

treatment;!(ii)!how!elements!of!impulsivity!are!predictive!of!different!components!of!

quality!of!life,!specifically,!identifying!the!relative!contributions!of!delay!discounting!

and!impulsive!action!to!change!in!quality!of!life!in!early!treatment;!and!(iii)!the!

predictive!value!of!cognitive!measures!of!sustained!attention!and!effort@based!

decision@making!on!change!in!treatment!motivation!in!early!treatment.!All!aims!were!

explored!in!the!first!6@9!weeks!of!treatment,!in!which!individuals!with!MUD!are!highly!

vulnerable!to!relapse!and!disengagement!(Brecht!&!Herbeck,!2014).!

!

In!Manuscript!One!we!reported!that!working!memory!but!not!delay!

discounting!was!a!significant!predictor!of!MA!use!during!early!treatment.!However,!

delay!discounting!moderated!this!relationship:!those!with!low!and!moderate!levels!of!

delay!discounting!are!likely!to!use!less!MA!in!this!period.!These!findings!have!

implications!for!the!dual@systems!model.!As!expected,!poorer!‘top@down’!function!
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(cognitive!control)!was!associated!with!higher!rates!of!drug!use.!Additionally,!low!and!

moderate!levels!of!delay!discounting!(‘bottom@up’!function),!when!combined!with!

better!‘top!down’!performance,!were!associated!with!less!drug!use.!However,!contrary!

to!expectations!and!previous!findings!(Khurana!et!al.,!2017),!higher!delay!discounting!

did!not!predict!drug!use.!Delay!discounting!may!not!represent!the!sensitisation!of!the!

reward@system!as!described!in!the!dual@systems!model,!and!may!instead!reflect!a!

cognitive!process!of!comparing!values!of!short!and!long@term!rewards!(Da!Matta,!

Goncalves,!&!Bizarro,!2012).!Indeed,!delay!discounting!is!not!consistently!associated!

with!relapse!(Dominguez@Salas,!Diaz@Batanero,!Lozano@Rojas,!&!Verdejo@Garcia,!2016),!

and!may!instead!influence!the!decision!to!leave!treatment!(Stevens,!Verdejo@Garcia,!

Roeyers,!Goudriaan,!&!Vanderplasschen,!2015;!i.e.,!the!short@term!rewards!of!leaving!

treatment!may!exceed!the!perceived!value!of!long@term!sobriety).!Furthermore,!if!

decisions!around!the!frequency!and!intensity!of!day@to@day!drug!use!are!highly!

influenced!by!contextual!triggers!and!sensitisation!(Noel!et!al.,!2013),!this!may!reflect!a!

process!of!cognitive!disinhibition!(impulsive!action)!rather!than!delay!discounting.!

Indeed,!impulsive!action!has!been!previously!directly!associated!with!relapse!(Carroll!

et!al.,!2011).!Overall,!these!findings!partially!support!the!dual@systems!model!but!are!

indicative!of!more!complex!interactions!between!top@down!and!bottom@up!systems,!

which!may!involve!multiple!forms!of!impulsivity.!

!

In!Manuscript!Two,!we!examined!delay!discounting!and!impulsive!action!in!the!

context!of!quality!of!life!(QoL).!Both!were!significant!predictors!of!change!in!the!social!

domain,!while!impulsive!action!alone!was!also!a!significant!predictor!of!change!in!the!

psychological!domain.!No!domains!of!impulsivity!were!significantly!predictive!of!
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environmental!or!physical!domains.!Heightened!delay!discounting!might!be!reflected!

in!prioritisation!of!other!activities!over!social!events!(e.g.,!staying!at!home!playing!

video!games!rather!than!attending!a!birthday!celebration).!This!directly!reflects!

deficits!in!conscious!and!deliberative!‘top@down’!function,!which!is!involved!with!

integrating!current!possibilities!with!long@term!consequences!(i.e.,!the!immediate!

satisfaction!of!playing!video!games!outweighs!potential!long@term!loneliness!and!

isolation).!Impulsive!action!was!significantly!predictive!of!less!improvement!in!both!

psychological!and!social!domains,!suggesting!that!individuals!with!MUD!and!poor!

inhibition!(diminished!‘top@down’!cognitive!control)!have!difficulty!in!these!settings.!

This!may!include!engaging!in!activities!that!provide!short@term!pleasure!but!

psychological!distress!over!longer!periods!(e.g.!risky!activities!such!as!dangerous!

driving,!or!spending!money!recklessly),!and!in!behaviour!that!is!not!socially!

acceptable!(e.g.,!aggression,!lack!of!conversational!turn@taking,!difficulties!taking!the!

perspective!of!others).!Overall,!deficient!inhibition!demonstrated!in!these!findings!

reflects!a!lack!of!cognitive!control!over!impulsive!urges.!This!is!consistent!with!the!

dual@systems!model!and!suggests!that!compromised!executive!functioning!due!to!

MUD!may!impair!day@to@day!functioning!and!decision@making.!

!

Manuscript!Three!found!that!sustained!attention!but!not!effort@based!decision@

making!significantly!predicted!less!change!in!treatment!motivation.!These!findings!are!

consistent!with!previous!work!linking!sustained!attention!and!treatment!motivation!in!

stimulant!users!(Carroll!et!al.,!2011,!Harris!et!al.,!2014).!Poorer!sustained!attention!may!

also!be!linked!to!diminished!comprehension!of!content!in!session!(Kurtz,!Seltzer,!

Fujimoto,!Shagan,!&!Wexler,!2009;!Medalia!&!Choi,!2009),!and!poorer!quality!of!
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interpersonal!interactions!(Kurtz,!2011).!These!functional!consequences!of!sustained!

attention!fluctuations!are!likely!to!be!underpinned!by!executive!dysfunction,!since!

sustained!attention!involves!the!control!of!attention,!managed!by!the!‘top@down’!

system.!Furthermore,!previous!links!between!decision@making!and!treatment!

motivation!may!reflect!a!tendency!to!make!ill@considered!decisions!(e.g.,!outbursts!in!

session,!leaving!therapy!against!advice)!rather!than!a!rational!evaluation!of!the!value!

of!expending!effort!for!an!uncertain!outcome!(Chen!et!al.,!2015;!Joe,!Rowan@Szal,!

Greener,!Simpson,!&!Vance,!2010).!These!actions!are!also!likely!to!be!driven!by!

executive!dysfunction!and!the!inability!of!the!‘top@down’!system!to!regulate!impulsive!

urges.!Overall,!we!found!that!sustained!attention!significantly!predicts!treatment!

motivation,!however!there!may!be!other!related!components!of!the!‘bottom@up’!

system!(i.e.,!impulsive!action)!that!may!help!to!better!characterise!the!potentially!

interactive!nature!of!the!relationship.!

!

Collectively,!this!thesis!suggests!that!executive!function!in!individuals!with!

MUD!is!significantly!predictive!of!early!treatment!outcomes!(MA!use,!change!in!QoL!

and!change!in!treatment!motivation).!The!cognitive!variables!that!emerged!as!

significant!are!important!components!of!executive!functions!(impulsivity,!working!

memory,!attention;!Miyake!&!Friedman,!2012)!and!underpin!the!dual@systems!model!

of!addiction.!Different!components!of!the!‘top@down’!and!‘bottom@up’!systems!are!

variably!related!with!different!outcomes!(e.g.,!working!memory!predicts!drug!use,!

sustained!attention!predicts!treatment!motivation!etc.),!but!generally!support!the!

overarching!theory!and!its!relevance!for!addiction!treatment.!It!is!important!to!note!

that!the!dual@systems!concept!encompasses!a!wide!range!of!theories!(e.g.,!incentive!



! 135!

sensitisation;!Noel!et!al.,!2013;!I@RISA!model;!Goldstein!&!Volkow,!2002;!opponent!

processes;!Koob!&!Le!Moal,!2005)!and!is!linked!to!a!range!of!state@related!drivers!(e.g.,!

‘hot’!and!‘cold’!emotions;!Metcalfe!&!Mischel,!1999;!situation!specific!cost@benefit!

analyses;!Kahneman,!2003;!hedonic!processes;!Kalivas!&!Volkow,!2005).!Despite!

variation!in!the!precise!descriptions!of!the!model,!different!iterations!consistently!

endorse!the!dysregulation!of!cognitive!control!systems!and!heightened!activity!in!

impulsive!systems;!therefore!our!findings!are!interpreted!in!this!broad!context.!While!

we!established!the!role!of!cognitive!control!and!impulsivity!in!predicting!MA!use,!we!

were!also!better!able!to!characterise!the!‘bottom@up’!system!with!regards!to!QoL!

outcomes!(i.e.,!differential!effects!of!different!forms!of!impulsivity).!Furthermore,!we!

determined!that!in!the!context!of!treatment!motivation,!fluctuations!in!sustained!

attention!may!most!clearly!reflect!‘top@down’!dysfunction,!however,!precise!variables!

underpinning!‘bottom@up’!sensitivity!require!further!examination.!These!findings!

support!a!complex!version!of!the!dual@systems!model!in!the!context!of!addiction!

treatment,!in!which!different!domains!of!cognition!are!predictive!of!specific!outcomes!

in!the!context!of!overall!executive!dysfunction.!Although!not!assessed!in!this!thesis,!a!

foundation!of!general!executive!dysfunction!may!make!an!individual!susceptible!to!a!

combination!of!deleterious!outcomes!(e.g.,!higher!drug!use,!less!improvement!in!

QoL/treatment!motivation)!and!increase!the!complexity!of!treatment!required.!!

!

6.2! ! Clinical!Implications!

The!findings!from!this!thesis!have!important!clinical!implications!for!inpatient!

and!outpatient!treatment!settings!and!the!broader!wellbeing!of!individuals!with!MUD!

entering!treatment.!Changes!in!treatment!approaches!may!lead!to!improvement!in!the!
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currently!low!rates!of!long@term!abstinence!and!engagement!(Brecht!&!Herbeck,!2014),!

and!poor!QoL!and!functioning!in!the!community!(Ellis!et!al.,!2016;!Gonzales!et!al.,!

2011).!Such!changes!may!also!contribute!to!ameliorating!the!substantial!social!and!

economic!costs!of!MUD!(McKetin!et!al.,!2017;!Moore,!2007).!!

!

All!studies!in!this!thesis!found!that!diminished!cognitive!performance!is!

predictive!of!higher!rates!of!problematic!outcomes!or!less!improvement!in!markers!of!

treatment!success.!Treatment!programs!that!accommodate!for!cognitive!deficits!may!

reduce!their!negative!consequences!(Dutra!et!al.,!2008;!Ramsay,!2017).!Initially,!pre@

treatment!cognitive!testing/screening!may!help!to!categorise!individuals!in!need!of!

greater!support!or!those!at!higher!risk.!Subsequently,!a!range!of!strategies!can!be!used!

to!accommodate!for!deficits.!

!

High!levels!of!impulsivity!can!be!managed!with!cognitive!and!behavioural!

strategies.!Delay!discounting!can!be!addressed!with!the!development!of!skills!around!

decision@making!(e.g.,!methodically!exploring!positive/negative!consequences!in!the!

short!and!long@term).!Impulsive!action!may!be!better!addressed!with!behavioural!

interventions!(e.g.,!pausing!or!delaying!a!gratifying!activity,!distraction!with!other!

behaviour!such!as!exercise).!These!strategies!are!likely!to!be!applicable!to!drug!use!and!

daily!functioning.!Individuals!with!poorer!working!memory!performance!may!benefit!

from!learning!strategies!to!manage!a!diminished!cognitive!capacity!(e.g.,!list@making,!

reminders,!the!use!of!a!diary).!Such!strategies!may!allow!for!the!reduction!of!cognitive!

load!and!therefore!more!considered!decisions!in!relation!to!MA!use.!Finally,!

individuals!with!deficits!in!sustained!attention!may!benefit!from!changes!to!the!
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structure!of!treatment!sessions!(e.g.,!consolidation!of!recently!learned!skills!and!

regular!reviews!of!key!content;!Ramsay,!2017),!to!enhance!treatment!engagement!and!

motivation.!Collectively,!these!skills!facilitate!completing!tasks!associated!with!

treatment,!but!may!also!generalise!to!drug!use,!and!social!and!professional!settings!in!

the!community.!

!

In!addition!to!accommodating!deficits,!there!is!increasing!evidence!that!the!

rehabilitation!of!cognitive!dysfunction!can!be!an!efficacious!adjunct!to!traditional!

treatment!(Sofuoglu!et!al.,!2016;!Verdejo@Garcia,!2016).!Cognitive!remediation!can!take!

place!in!group!or!individual!settings,!in!direct!contact!with!a!clinician!or!with!the!use!

of!a!computer@based!program!(Medalia!&!Bowie,!2016).!Cognitive!remediation!often!

addresses!areas!of!executive!dysfunction!to!enhance!control!over!‘bottom@up’!impulses!

(e.g.,!strategy@based!learning!in!a!group!setting,!computer!tasks!such!as!the!‘N@back’;!

Marceau,!Berry,!Lunn,!Kelly,!&!Solowij,!2017;!Sofuoglu!et!al.,!2016).!Specifically,!

cognitive!remediation!has!been!successful!in!improving!performance!in!domains!of!

impulsivity!(Bickel!et!al.,!2011;!Marceau!et!al.,!2017),!working!memory!(Brooks!et!al.,!

2017;!Houben!et!al.,!2011)!and!attentional!function!(Kurtz,!2011)!in!substance!

dependent!and!cognitively!impaired!populations.!Furthermore,!rehabilitation!of!

cognitive!function!is!often!accompanied!by!improved!treatment!or!daily!functioning!

outcomes.!For!example,!working!memory!training!is!associated!with!improved!self@

regulation!and!self@control!(Brooks!et!al.,!2017)!and!reduced!alcohol!consumption!

(Houben!et!al.,!2011);!sustained!attention!training!has!led!to!improved!daily!life!skills!

(Kurtz,!Wexler,!Fujimoto,!Shagan,!&!Seltzer,!2008;!Kurtz!et!al.,!2009);!and!remediation!
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of!both!working!memory!and!impulsivity!has!been!accompanied!by!improvement!in!

QoL!(Marceau!et!al.,!2017).!!

!

The!timing!of!integrating!these!practical!strategies!can!also!be!adapted!in!

consideration!of!the!findings!of!this!thesis.!Early!in!treatment,!individuals!are!

particularly!prone!to!relapse!(Brecht!&!Herbeck,!2014).!Therefore,!in!a!controlled!

inpatient!setting,!gradual!rehabilitation!of!working!memory!and!impulsivity!may!be!an!

ongoing!component!of!therapy!from!the!time!of!admission!until!discharge.!However,!

in!community!treatment,!in!which!an!individual!is!likely!to!encounter!risky/drug@

related!situations!more!frequently!(Passetti!et!al.,!2011),!a!greater!focus!on!

compensatory!strategies!from!very!early!treatment!may!be!more!appropriate.!

Strategies!relating!to!treatment!motivation!are!best!integrated!into!each!psychological!

treatment!session!according!to!the!judgement!of!the!clinician,!as!fluctuation!of!

motivation!and!commitment!is!variable!within!and!between!sessions!(Aharonovich,!

Amrhein,!Bisaga,!Nunes,!&!Hasin,!2008).!Cognitive!functions!that!influence!QoL!

outcomes!may!also!be!integrated!flexibly!by!the!clinician.!The!role!of!delay!

discounting!and!impulsive!action!in!social!situations!may!be!integrated!with!

psychoeducation!or!intervention!sessions!that!directly!address!social!skills!(Homer!et!

al.,!2008).!Similarly,!individual!psychological!sessions!may!also!integrate!impulsivity!

interventions!with!tasks!related!to!cognitive!and!behavioural!processes!(Verdejo@

Garcia,!Bechara,!Recknor,!&!Perez@Garcia,!2007).!These!social!and!psychological!

strategies!may!be!incorporated!into!broader!‘transition’!or!‘day!programs’!that!assist!

clients!to!return!to!environments!of!higher!vulnerability!following!discharge!from!an!

inpatient!setting.!
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In!summary,!individuals!with!MUD!entering!treatment!are!likely!to!benefit!

from!a!comprehensive!and!tailored!program!that!includes!(i)!cognitive!assessment!and!

profiling!to!identify!deficits,!(ii)!additional!support/adjustments!to!treatment!

programs!to!accommodate!dysfunction,!and!(iii)!rehabilitation!of!cognitive!deficits.!!!

!

6.3! ! Thesis!Strengths!

Previous!research!has!established!cognitive!deficits!(Dean!et!al.,!2013),!poor!

QoL!(Gonzales!et!al.,!2011),!high!rates!of!relapse!(Brecht!&!Herbeck,!2014)!and!low!

treatment!motivation!(Fiorentine!et!al.,!1999)!in!MUD.!This!research!provides!novel!

insights!into!the!longitudinal!association!between!executive!function!and!these!

outcomes!in!MUD!individuals,!emphasising!the!critical!importance!of!addressing!and!

managing!cognitive!deficits!soon!after!treatment!commencement.!When!compared!to!

previous!studies!with!comprehensive!assessment!batteries!(e.g.,!Chen!et!al.,!2015;!

Henry!et!al.,!2010),!this!thesis!includes!a!larger!sample!(one!of!the!largest!in!the!MUD!

literature),!recruitment!from!a!broader!range!of!treatment!settings!(i.e.,!inpatient,!

outpatient,!community!therapy),!the!exclusion!of!participants!with!low!prevalence!

conditions!likely!to!influence!cognition,!and!statistical!control!of!conditions!

frequently!observed!in!the!MUD!population.!Participant!characteristics!are!therefore!

more!likely!to!be!representative!of!the!broader!Australian!MUD!population,!while!a!

larger!sample!allowed!greater!specificity!in!statistical!analyses.!Findings!are!further!

reinforced!by!the!comprehensive!and!systematic!approach!to!measuring!treatment!

outcomes.!Our!study!took!a!multimodal!and!objective!perspective!that!is!consistent!

with!recommendations!from!recent!consensus!papers!(Donovan!et!al.,!2012;!Tiffany!et!

al.,!2012).!!
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!

Furthermore,!these!findings!not!only!extend!the!theoretical!understanding!of!

the!dual@systems!model!but!also!illustrate!the!direct!applicability!of!this!theory!in!the!

context!of!MUD!treatment.!Indeed,!our!findings!reinforce!the!interactional!nature!of!

the!model!in!drug!use,!more!clearly!characterise!‘bottom@up’!components!contributing!

to!specific!areas!of!QoL,!and!the!‘top@down’!process!in!treatment!motivation.!

!

6.4! ! Thesis!Limitations!

The!findings!of!this!thesis!need!to!be!considered!in!the!context!of!limitations.!

In!the!interests!of!maintaining!a!large!sample!size,!participants!with!a!diagnosis!of!

depressive!disorder,!alcohol!dependence,!or!cannabis!dependence!were!not!excluded!

from!the!study.!Although!these!diagnoses!are!significantly!associated!with!cognitive!

deficits!(McDermott!&!Ebmeier,!2009;!Stavro,!Pelletier,!&!Potvin,!2013),!the!inclusion!

of!these!participants!allowed!for!a!representative!sample!of!individuals!with!MUD!in!

the!community!(Lubman!et!al.,!2016).!Furthermore,!these!diagnoses!were!recorded!

and!quantified!during!testing!and!controlled!when!statistical!analyses!were!conducted!

(i.e.,!inclusion!as!a!nuisance!variable!or!explored!in!sensitivity!analyses).!!

!

Results!must!also!be!appraised!in!the!context!of!the!characteristics!of!our!

sample.!The!sample!was!restricted!to!individuals!with!MUD,!which!limits!

generalisability!to!other!populations!using!other!substances,!however!these!findings!

do!provide!conceptual!support!for!research!in!stimulants!with!similar!treatment!

programs/difficulties!with!relapse/engagement!(e.g.,!cocaine;!Penberthy!et!al.,!2010).!

Furthermore,!the!current!study!tested!only!treatment@seeking!individuals.!Indeed,!
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non@treatment!seeking!individuals!with!MUD!have!a!significantly!longer!history!of!

use,!higher!rates!of!intravenous!use,!are!older,!report!lower!motivation,!fewer!past!

treatment!episodes!and!higher!rates!of!depression!(McKetin!et!al.,!2012).!These!

characteristics!may!influence!relationships!between!cognition!and!drug!use!intensity,!

QoL!and!motivation,!and!highlights!the!importance!of!replication!in!other!groups!

within!the!MUD!population.!Furthermore,!as!the!current!sample!was!recruited!from!a!

single!Australian!state,!caution!is!required!in!interpreting!these!findings!in!other!

settings,!where!treatment!approaches!may!differ!(Babor,!Stenius,!&!Romelsjo,!2008).!

!

Additionally,!the!study!had!a!short!follow@up!period!(six!weeks),!which!is!likely!

to!have!improved!retention!rates!in!the!sample.!A!longer!follow@up!period!might!have!

allowed!for!a!clearer!characterisation!of!change!in!some!outcome!variables!(e.g.,!

predictors!of!physical!and!environmental!QoL)!and!offered!greater!prognostic!

specificity.!However,!the!time@period!chosen!for!this!thesis!(early!recovery;!6@8!weeks)!

often!involves!substantial!changes!to!QoL!(Bagheri,!Mokri,!Khosravi,!&!Kabir,!2015),!

high!rates!of!relapse!(Brecht!&!Herbeck,!2014),!and!high!variability!in!treatment!

motivation!(Baker!et!al.,!2005).!Furthermore,!this!time@period!captures!the!typical!

length!of!an!MUD!treatment!episode!of!around!two!months!(McKetin!et!al.,!2012).!

Therefore,!these!findings!characterise!treatment!outcomes!across!a!period!in!which!

clients!maintain!a!higher!level!of!contact!with!treatment!services,!and!clinicians!may!

have!more!frequent!opportunities!for!intervention.!!

!

!

!
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6.5! ! Future!Research!Directions!

This!thesis!presents!novel!findings!in!relation!to!the!dual@systems!model!that!

warrant!replication!and!further!examination.!To!further!validate!these!findings!and!

their!generalisability,!replication!studies!may!include!a!multi@site!approach,!utilising!

the!same!protocol!in!international!settings.!Expansion!would!also!allow!for!more!

sophisticated!predictive!modelling!with!a!larger!number!of!variables!(e.g.,!machine!

learning!with!multiple!predictors!and!outcome!definitions).!Future!studies!may!also!

include!a!comparison!group!of!non@treatment!seeking!individuals!to!understand!

whether!relationships!between!cognition!and!outcome!variables!differ!between!

groups.!Furthermore,!multiple!assessment!points!across!a!longer!time!period!(e.g.,!3!

months,!6!months,!1!year),!would!more!clearly!characterise!relationships!between!

cognition!and!outcomes!beyond!initial!periods!of!vulnerability.!!

!

Other!studies!may!also!expand!on!the!conceptual!findings!in!this!thesis,!by!

examining!cognitive!domains!that!may!add!to!the!predictive!value!of!those!already!

identified.!More!specifically,!identifying!‘bottom@up’!predictors!of!drug!use!and!

treatment!motivation!(e.g.,!impulsive!action)!and!‘top@down’!predictors!of!QoL!(e.g.,!

measures!of!working!memory!or!cognitive!control!that!predict!specific,!rather!than!

generalised,!domains!of!QoL).!Neuroimaging!studies!may!also!help!to!further!

characterise!the!role!of!the!dual@systems!model!in!treatment!outcomes.!Imaging!of!the!

reward!(striatum,!amygdala)!and!reflective!(prefrontal!and!posterior!parietal!cortices)!

systems!at!treatment!commencement!may!illustrate!whether!(dys)function!in!these!

systems!is!associated!with!behaviourally!measured!cognitive!deficits!and!longitudinal!

treatment!outcomes.!!
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Our!findings!may!also!inform!intervention!studies.!Cognitive!functions!

identified!as!predictive!of!treatment!outcomes!in!this!thesis!(i.e.,!working!memory,!

impulsivity,!sustained!attention)!are!candidates!for!rehabilitation!in!future!studies.!

Indeed,!cognitive!remediation!has!significantly!improved!functioning!in!these!

domains!in!similar!populations!(e.g.,!Brooks!et!al.,!2017).!Specifically,!future!studies!

may!utilise!a!randomised!controlled!trial!design!comparing!a!cognitive!remediation!

intervention!(tailored!to!the!treatment!outcome!of!interest;!e.g.,!working!memory!for!

intensity!of!substance!use)!with!treatment!as!usual!and!non@treatment!groups.!Such!

interventions!may!contribute!to!further!development!of!evidence@based,!tailored!

treatment!programs!for!individuals!with!MUD.!

!

6.6! ! Concluding!Remarks!

This!thesis!has!demonstrated!the!predictive!utility!of!executive!functions!on!

treatment!outcomes!in!individuals!with!MUD.!Poorer!working!memory!was!predictive!

of!greater!MA!use,!and!delay!discounting!moderated!this!relationship.!Delay!

discounting!and!impulsive!action!predicted!less!improvement!in!social!QoL,!while!

impulsive!action!alone!predicted!less!improvement!in!psychological!QoL.!Sustained!

attention!significantly!predicted!less!improvement!in!treatment!motivation.!!

!

The!key!findings!summarised!above!contribute!to!the!growing!evidence!that!

executive!dysfunction!in!people!with!stimulant!use!disorders!predicts!not!only!relapse,!

but!broader!elements!of!recovery!such!as!intensity!of!drug!use,!QoL,!and!treatment!

motivation.!Furthermore,!these!findings!support!the!applicability!of!dual@systems!

models!to!addiction!treatment,!though!replication!and!expansion!studies!are!required!
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to!more!clearly!characterise!these!relationships.!This!study!also!has!implications!for!

treatment!settings!and!may!inform!the!development!of!approaches!in!which!the!

accommodation!and!rehabilitation!of!specific!cognitive!deficits!is!integrated!into!

evidence@based!recovery!programs.!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! 145!

References!

Adinoff,!B.,!Carmody,!T.!J.,!Walker,!R.,!Donovan,!D.!M.,!Brigham,!G.!S.,!&!Winhusen,!T.!M.!

(2016).!Decision@making!processes!as!predictors!of!relapse!and!subsequent!use!in!

stimulant@dependent!patients.!The,American,Journal,of,Drug,and,Alcohol,Abuse,!42(1),!

88@97.!

Aharonovich,!E.,!Amrhein,!P.!C.,!Bisaga,!A.,!Nunes,!E.!V.,!&!Hasin,!D.!S.!(2008).!Cognition,!

commitment!language,!and!behavioral!change!among!cocaine@dependent!

patients.!Psychology,of,Addictive,Behaviors,!22(4),!557@562.!

Aharonovich,!E.,!Hasin,!D.!S.,!Brooks,!A.!C.,!Liu,!X.,!Bisaga,!A.,!&!Nunes,!E.!V.!(2006).!

Cognitive!deficits!predict!low!treatment!retention!in!cocaine!dependent!patients.!Drug,

and,Alcohol,Dependence,!81(3),!313@322.!

Aharonovich,!E.,!Nunes,!E.,!&!Hasin,!D.!(2003).!Cognitive!impairment,!retention!and!

abstinence!among!cocaine!abusers!in!cognitive@behavioral!treatment.!Drug,and,

Alcohol,Dependence,,71(2),!207@211.!

Albein@Urios,!N.,!Pilatti,!A.,!Lozano,!O.,!Martínez@Gonzalez,!J.!M.,!&!Verdejo@García,!A.!

(2014).!The!value!of!impulsivity!to!define!subgroups!of!addicted!individuals!differing!

in!personality!dysfunction,!craving,!psychosocial!adjustment,!and!wellbeing:!A!latent!

class!analysis.!Archives,of,Clinical,Neuropsychology,!29(1),!38@46.!

Amodei,!N.,!&!Lamb,!R.!J.,!(2004).!Convergent!and!concurrent!validity!of!the!Contemplation!

Ladder!and!URICA!scales.!Drug,and,Alcohol,Dependence,,73(3),!301@306.!

Australian!Institute!of!Health!and!Welfare.!(2016).!National,Drug,Strategy,Household,Survey,

2016.,Canberra:!Government!of!Australia.!



! 146!

Babor,!T.!F.,!Stenius,!K.,!&!Romelsjo,!A.!(2008).!Alcohol!and!drug!treatment!systems!in!public!

health!perspective:!Mediators!and!moderators!of!population!effects.!International,

Journal,of,Methods,in,Psychiatric,Research,,17(S1),!S50@S59.!

Baddeley,!A.!(2012).!Working!memory:!Theories,!models,!and!controversies.!Annual,Review,of,

Psychology,!63,!1@29.!

Bagheri,!M.,!Mokri,!A.,!Khosravi,!A.,!&!Kabir,!K.!(2015).!Effect!of!abstinence!on!depression,!

anxiety,!and!quality!of!life!in!chronic!methamphetamine!users!in!a!therapeutic!

community.!International,Journal,of,High,Risk,Behaviors,and,Addiction,!4(3),!e23903.!

Baker,!A.,!Lee,!N.!K.,!Claire,!M.,!Lewin,!T.!J.,!Grant,!T.,!Pohlman,!S.,!...!&!Carr,!V.!J.!(2005).!

Brief!cognitive!behavioral!interventions!for!regular!amphetamine!users:!A!step!in!the!

right!direction.!Addiction,!100(3),!367@378.!

Bechara,!A.!(2005).!Decision!making,!impulse!control!and!loss!of!willpower!to!resist!drugs:!A!

neurocognitive!perspective.!Nature,neuroscience,!8(11),!1458@1463.!

Beck,!R.!C.,!&!Triplett,!M.!F.!(2009).!Test@retest!reliability!of!a!group@administered!paper@

pencil!measure!of!delay!discounting.!Experimental,and,Clinical,Psychopharmacology,,

17(5),!345@355.!!

Belcher,!A.!M.,!Feinstein,!E.!M.,!O'Dell,!S.!J.,!&!Marshall,!J.!F.!(2008).!Methamphetamine!

influences!on!recognition!memory:!Comparison!of!escalating!and!single@day!dosing!

regimens.!Neuropsychopharmacology,!33(6),!1453@1463.!

Belcher,!A.!M.,!O'Dell,!S.!J.,!&!Marshall,!J.!F.!(2005).!Impaired!object!recognition!memory!

following!methamphetamine,!but!not!p@chloroamphetamine@or!d@amphetamine@

induced!neurotoxicity.!Neuropsychopharmacology,!30(11),!2026@2034.!



! 147!

Bickel,!W.!K.,!Miller,!M.!L.,!Yi,!R.,!Kowal,!B.!P.,!Lindquist,!D.!M.,!&!Pitcock,!J.!A.!(2007).!

Behavioral!and!neuroeconomics!of!drug!addiction:!Competing!neural!systems!and!

temporal!discounting!processes.!Drug,and,Alcohol,Dependence,!90(s1),!S85@S91.!

Bickel,!W.!K.,!Yi,!R.,!Landes,!R.!D.,!Hill,!P.!F.,!&!Baxter,!C.!(2011).!Remember!the!future:!

Working!memory!training!decreases!delay!discounting!among!stimulant!

addicts.!Biological,Psychiatry,!69(3),!260@265.!

Biener,!L.,!&!Abrams,!D.!B.!(1991).!The!Contemplation!Ladder:!Validation!of!a!measure!of!

readiness!to!consider!smoking!cessation.!Health,Psychology,!10(5),!360@365.!!

Bigdeli,!I.,!Asia,!M.!N.!H.,!Miladi@Gorji,!H.,!&!Fadaei,!A.!(2015).!The!spatial!learning!and!

memory!performance!in!methamphetamine–sensitized!and!withdrawn!rats.!Iranian,

Journal,of,Basic,Medical,Sciences,!18(3),!234@239.!

Braren,!S.!H.,!Drapala,!D.,!Tulloch,!I.!K.,!&!Serrano,!P.!A.!(2014).!Methamphetamine@induced!

short@term!increase!and!long@term!decrease!in!spatial!working!memory!affects!protein!

Kinase!M!zeta!(PKMζ),!dopamine,!and!glutamate!receptors.!Frontiers,in,Behavioral,

Neuroscience,!8,!1@11.!

Brecht!M.,!&!Herbeck!D.!(2014).!Time!to!relapse!following!treatment!for!methamphetamine!

use:!A!long@term!perspective!on!patterns!and!predictors.!Drug,and,Alcohol,

Dependence,!139,!18–25.!

Brooks,!S.!J.!(2016).!A!debate!on!working!memory!and!cognitive!control:!Can!we!learn!about!

the!treatment!of!substance!use!disorders!from!the!neural!correlates!of!anorexia!

nervosa?.!BMC,psychiatry,,16(1),!1@16.!

Brooks,!S.!J.,!Wiemerslage,!L.,!Burch,!K.!H.,!Maiorana,!S.!A.,!Cocolas,!E.,!Schiöth,!H.!B.,!...!&!

Stein,!D.!J.!(2017).!The!impact!of!cognitive!training!in!substance!use!disorder:!The!



! 148!

effect!of!working!memory!training!on!impulse!control!in!methamphetamine!

users.!Psychopharmacology,!234(12),!1911@1921.!

Carroll,!K.!M.,!Kiluk,!B.!D.,!Nich,!C.,!Babuscio,!T.!A.,!Brewer,!J.!A.,!Potenza,!M.!N.,!...!&!Lejuez,!

C.!W.!(2011).!Cognitive!function!and!treatment!response!in!a!randomized!clinical!trial!

of!computer@based!training!in!cognitive@behavioral!therapy.!Substance,Use,&,

Misuse,!46(1),!23@34.!

Casaletto,!K.!B.,!Obermeit,!L.,!Morgan,!E.!E.,!Weber,!E.,!Franklin,!D.!R.,!Grant,!I.,!...!&!

Translational!Methamphetamine!AIDS!Research!Center!(TMARC)!Group.!(2015).!

Depression!and!executive!dysfunction!contribute!to!a!metamemory!deficit!among!

individuals!with!methamphetamine!use!disorders.!Addictive,Behaviors,!40,!45@50.!

Cattie,!J.!E.,!Woods,!S.!P.,!Iudicello,!J.!E.,!Posada,!C.,!Grant,!I.,!&!TMARC!Group.!(2012).!

Elevated!neurobehavioral!symptoms!are!associated!with!everyday!functioning!

problems!in!chronic!methamphetamine!users.!The,Journal,of,Neuropsychiatry,and,

Clinical,Neurosciences,!24(3),!331@339.!

Chang,!K.!C.,!Wang,!J.!D.,!Tang,!H.!P.,!Cheng,!C.!M.,!&!Lin,!C.!Y.!(2014).!Psychometric!

evaluation,!using!Rasch!analysis,!of!the!WHOQOL@BREF!in!heroin@dependent!people!

undergoing!methadone!maintenance!treatment:!Further!item!validation.!Health,and,

Quality,of,Life,Outcomes,,12(1),!148@157.!

Chang,!L.,!Alicata,!D.,!Ernst,!T.,!&!Volkow,!N.!(2007).!Structural!and!metabolic!brain!changes!

in!the!striatum!associated!with!methamphetamine!abuse.!Addiction,!102(s1),!16@32.!

Chapman,!D.!E.,!Hanson,!G.!R.,!Kesner,!R.!P.,!&!Keefe,!K.!A.!(2001).!Long@term!changes!in!

basal!ganglia!function!after!a!neurotoxic!regimen!of!methamphetamine.!Journal,of,

Pharmacology,and,Experimental,Therapeutics,!296(2),!520@527.!



! 149!

Chen,!Y.!C.,!Chen,!C.!K.,!&!Wang,!L.!J.!(2015).!Predictors!of!relapse!and!dropout!during!a!12@

week!relapse!prevention!program!for!methamphetamine!users.!Journal,of,Psychoactive,

Drugs,!47(4),!317@324.!

Cheng,!R.!K.,!Etchegaray,!M.,!&!Meck,!W.!H.!(2007).!Impairments!in!timing,!temporal!

memory,!and!reversal!learning!linked!to!neurotoxic!regimens!of!methamphetamine!

intoxication.!Brain,Research,!1186,!255@266.!

Cherner,!M.,!Suarez,!P.,!Casey,!C.,!Deiss,!R.,!Letendre,!S.,!Marcotte,!T.,!...!&!HNRC!Group.!

(2010).!Methamphetamine!use!parameters!do!not!predict!neuropsychological!

impairment!in!currently!abstinent!dependent!adults.!Drug,and,Alcohol,

Dependence,!106(2),!154@163.!

Chung,!Y.!A.,!Peterson,!B.!S.,!Yoon,!S.!J.,!Cho,!S.!N.,!Chai,!S.,!&!Jeong,!J.!(2010).!In!vivo!

evidence!for!long@term!CNS!toxicity,!associated!with!chronic!binge!use!of!

methamphetamine.!Drug,and,Alcohol,Dependence,!111(1),!155@160.!

Chung,!A.,!Lyoo,!I.!K.,!Kim,!S.!J.,!Hwang,!J.,!Bae,!S.!C.,!Sung,!Y.!H.,!...!&!Renshaw,!P.!F.!(2007).!

Decreased!frontal!white@matter!integrity!in!abstinent!methamphetamine!abusers.,The,

International,Journal,of,Neuropsychopharmacology,!10(6),!765@775.!

Conners,!B.!C.!K.!(2004).!Conners’!Continuous!Performance!Test!II!(CPT!II):!version!5!for!

Windows:!technical!guide!and!software!manual.!MHS.!!

Cook,!C.!E.,!Jeffcoat,!A.R.,!Hill,!J.!M.,!Pugh,!D.!E.,!Patetta,!P.!K.,!Sadler,!B.!M.,!...!&!Perez@

Reyes,!M.!(1993).,Pharmacokinetics!of!methamphetamine!self@administered!to!human!

subjects!by!smoking!methamphetamine!hydrochloride.!Drug,Metabolism,and,

Disposition!21(4),!717–723.!



! 150!

Cox,!B.!M.,!Cope,!Z.!A.,!Parsegian,!A.,!Floresco,!S.!B.,!Aston@Jones,!G.,!&!See,!R.!E.!(2016).!

Chronic!methamphetamine!self@administration!alters!cognitive!flexibility!in!male!

rats.!Psychopharmacology,!233(12),!2319@2327.!

Cretzmeyer,!M.,!Sarrazin,!M.!V.,!Huber,!D.!L.,!Block,!R.!I.,!&!Hall,!J.!A.!(2003).!Treatment!of!

methamphetamine!abuse:!research!findings!and!clinical!directions.!Journal,of,

Substance,Abuse,Treatment,!24(3),!267@277.!

Cruickshank,!C.!C.,!&!Dyer,!K.!R.!(2009).!A!review!of!the!clinical!pharmacology!of!

methamphetamine.!Addiction,!104(7),!1085@1099.!

Cunha,!P.!J.,!Bechara,!A.,!de!Andrade,!A.!G.,!&!Nicastri,!S.!(2011).!Decision@making!deficits!

linked!to!real@life!social!dysfunction!in!crack!cocaine@dependent!individuals.!The,

American,Journal,on,Addictions,!20(1),!78@86.!

Cuzen,!N.!L.,!Koopowitz,!S.@M.,!Ferett,!H.,!Stein,!D.!J.,!&!Yurgelen@Todd,!D.!(2015).!

Methamphetamine!and!cannabis!abuse!in!adolescence:!A!quasi@experimental!study!on!

specific!and!long@term!neurocognitive!effects.!BMJ,Open,,5(1),,e005833.!

Daberkow,!D.!P.,!Kesner,!R.!P.,!&!Keefe,!K.!A.!(2005).!Relation!between!methamphetamine@

induced!monoamine!depletions!in!the!striatum!and!sequential!motor!

learning.!Pharmacology,Biochemistry,and,Behavior,!81(1),!198@204.!

Dalley,!J.!W.,!Lääne,!K.,!Theobald,!D.!E.,!Peña,!Y.,!Bruce,!C.!C.,!Huszar,!A.!C.,!...!&!Robbins,!T.!

W.!(2007).!Enduring!deficits!in!sustained!visual!attention!during!withdrawal!of!

intravenous!methylenedioxymethamphetamine!self@administration!in!rats:!Results!

from!a!comparative!study!with!d@amphetamine!and!

methamphetamine.!Neuropsychopharmacology,!32(5),!1195@1206.!

Da!Matta,!A.,!Goncalves,!F.!L.,!&!Bizarro,!L.!(2012).!Delay!discounting:!Concepts!and!

measures.!Psychology,&,Neuroscience,,5(2),!135@146.!



! 151!

Darke,!S.,!Kaye,!S.,!&!Duflou,!J.!(2017).!Rates,!characteristics!and!circumstances!of!

methamphetamine@related!death!in!Australia:!A!national!7@year!study.!Addiction,!

112(12),!2191@2201.!

Darke,!S.,!Kaye,!S.,!McKetin,!R.,!&!Duflou,!J.!(2008).!Major!physical!and!psychological!harms!

of!methamphetamine!use.!Drug,and,Alcohol,Review,,27(3),,253@262.!

Da!Silva!Lima,!A.!B.,!Fleck,!M.,!Pechansky,!F.,!De!Boni,!R.,!&!Sukop,!P.!(2005).!Psychometric!

properties!of!the!World!Health!Organization!quality!of!life!instrument!(WHOQoL@

BREF)!in!alcoholic!males:!a!pilot!study.!Quality,of,Life,Research,,14(2),!473@478.!

Dean,!A.!C.,!London,!E.!D.,!Sugar,!C.!A.,!Kitchen,!C.!M.!R.,!Swanson,!A.@N.,!Heinzerling,!K.!G.,!

...!Shoptaw,!S.!(2009).!Predicting!adherence!to!treatment!for!methamphetamine!

dependence!from!neuropsychological!and!drug!use!variables.!Drug,and,Alcohol,

Dependence,,105(1@2),,48@55.!

Dean,!A.!C.,!Groman,!S.!M.,!Morales,!A.!M.,!&!London,!E.!D.!(2013)!An!evaluation!of!the!

evidence!that!methamphetamine!abuse!causes!cognitive!decline!in!humans.!

Neuropsychopharmacology,,38(2),!259@274.!

Degenhardt,!L.,!Larney,!S.,!Chan,!G.,!Dobbins,!T.,!Weier,!M.,!Roxburgh,!A.,!...!&!McKetin,!R.!

(2016).!Estimating!the!number!of!regular!and!dependent!methamphetamine!users!in!

Australia,!2002–2014.!The,Medical,Journal,of,Australia,!204(4),!e1@e6.!

Degenhardt,!L.,!Roxburgh,!A.,!Black,!E.,!Bruno,!R.,!Campbell,!G.,!Kinner,!S.,!&!Fetherston,!J.!

(2008).!The!epidemiology!of!methamphetamine!use!and!harm!in!Australia.!Drug,and,

Alcohol,Review,!27(3),!243@252.!

Degenhardt,!L.,!Sara,!G.,!McKetin,!R.,!Roxburgh,!A.,!Dobbins,!T.,!Farrell,!M.,!...!&!Hall,!W.!D.!

(2017).!Crystalline!methamphetamine!use!and!methamphetamine@related!harms!in!

Australia.!Drug,and,Alcohol,Review,!36(2),!160@170.!



! 152!

Devins,!G.!M.,!Orme,!C.!M.,!Costello,!C.!G.,!Binik,!Y.!M.,!Frizzell,!B.,!Stam,!H.!J.,!&!Pullin,!W.!

M.!(1988).!Measuring!depressive!symptoms!in!illness!populations:!Psychometric!

properties!of!the!Center!for!Epidemiologic!Studies!Depression!(CES@D)!scale.!

Psychology,and,Health,,2(2),!139@156.!

Dominguez@Salas,!S.,!Díaz@Batanero,!C.,!Lozano@Rojas,!O.!M.,!&!Verdejo@García,!A.!(2016).!

Impact!of!general!cognition!and!executive!function!deficits!on!addiction!treatment!

outcomes:!Systematic!review!and!discussion!of!neurocognitive!pathways.!Neuroscience,

and,Biobehavioral,Reviews,!71,!772@801.!

Donovan,!D.!M.,!Bigelow,!G.!E.,!Brigham,!G.!S.,!Carroll,!K.!M.,!Cohen,!A.!J.,!Gardin,!J.G.,!...!&!

Marlatt,!G.!A.!(2012).!Primary!outcome!indices!in!illicit!drug!dependence!treatment!

research:!Systematic!approach!to!selection!and!measurement!of!drug!use!end@points!

in!clinical!trials.!Addiction,!107(4),!694@708.!

Dutra,!L.,!Stathapoulou,!G.,!Basden,!S.!L.,!Leyro,!T.!M.,!Powers,!M.!B.,!&!Otto,!M.!W.!(2008).!

A!meta@analytic!review!of!psychosocial!interventions!for!substance!use!disorders.!

American,Journal,of,Psychiatry,,165(2),!179@187.!

Ellis,!C.,!Hoffman,!W.,!Jaehnert,!S.,!Plagge,!J.,!Loftis,!J.!M.,!Schwartz,!D.,!&!Huckans,!M.!

(2016).!Everyday!problems!with!executive!dysfunction!and!impulsivity!in!adults!

recovering!from!methamphetamine!addiction.!Addictive,Disorders,&,Their,

Treatment,!15(1),!1@5.!

Everitt,!B.!J.,!&!Robbins,!T.!W.!(2005).!Neural!systems!of!reinforcement!for!drug!addiction:!

from!actions!to!habits!to!compulsion.!Nature,Neuroscience,!8(11),!1481@1489.!

Fagan,!C.!S.,!Carmody,!T.!J.,!McClintock,!S.!M.,!Suris,!A.,!Nakamura,!A.,!Jeon@Slaughter,!H.,!...!

&!Brown,!E.!S.!(2015).!The!effect!of!cognitive!functioning!on!treatment!attendance!and!



! 153!

adherence!in!comorbid!bipolar!disorder!and!cocaine!dependence.!Journal,of,Substance,

Abuse,Treatment,!49,!15@20.!

Fals@Stewart,!W.,!O’Farrell,!T.!J.,!Freitas,!T.!T.,!McFarlin,!S.!K.,!&!Rutigliano,!P.!(2000).!The!

timeline!followback!reports!of!psychoactive!substance!use!by!drug@abusing!patients:!

Psychometric!properties.!Journal,of,Consulting,and,Clinical,Psychology,,68(1),!134@144.!

Farhadian,!M.,!Akbarfahimi,!M.,!Abharian,!P.!H.,!Hosseini,!S.!G.,!&!Shokri,!S.!(2017).!

Assessment!of!executive!functions!in!methamphetamine@addicted!individuals:!

Emphasis!on!duration!of!addiction!and!abstinence.!Basic,and,Clinical,

Neuroscience,!8(2),!147@154.!

Fiorentine,!R.,!Nakashima,!J.,!&!Anglin,!M.!D.!(1999).!Client!engagement!in!drug!

treatment.!Journal,of,Substance,Abuse,Treatment,!17(3),!199@206.!

First!M.!B.,!Spitzer,!R.!L.,!Gibbon,!M.,!&!Williams!J.!B.!W.!(1996).!Structured!Clinical!

Interview!for!DSM@IV!Axis!I!Disorders,!Clinician!Version!(SCID@CV).!American!

Psychiatric!Press,!Inc.,!Washington,!D.C.!!

Fleckenstein,!A.!E.,!Volz,!T.!J.,!Riddle,!E.!L.,!Gibb,!J.!W.,!&!Hanson,!G.!R.!(2007).!New!insights!

into!the!mechanism!of!action!of!amphetamines.!Annual,Review,of,Pharmacology,and,

Toxicology,!47,!681@698.!

Fox,!H.!C.,!Jackson,!E.!D.,!&!Sinha,!R.!(2009).!Elevated!cortisol!and!learning!and!memory!

deficits!in!cocaine@dependent!individuals:!relationship!to!relapse!outcomes.!

Psychoneuroendocrinology,,34(8),!1198@1207.!

Freye,!E.!(2009).!Pharmacology,and,Abuse,of,Cocaine,,Amphetamines,,Ecstasy,and,Related,

Designer,Drugs.!Dordrecht,!Netherlands:!Springer!Netherlands.!



! 154!

Goldstein,!R.!Z.,!&!Volkow,!N.!D.!(2002).!Drug!addiction!and!its!underlying!neurobiological!

basis:!neuroimaging!evidence!for!the!involvement!of!the!frontal!cortex.!American,

Journal,of,Psychiatry,!159(10),!1642@1652.!

Golub,!E.!T.,!Latka,!M.,!Hagan,!H.,!Havens,!J.!R.,!Hudson,!S.!M.,!Kapadia,!F.,!...!&!Strathdee,!S.!

A.!(2004).!Screening!for!depressive!symptoms!among!HCV@infected!injection!drug!

users:!examination!of!the!utility!of!the!CES@D!and!the!Beck!Depression!Inventory.!

Journal,of,Urban,Health,,81(2),!278@290.!

Gonzales,!R.,!Ang,!A.,!Glik,!D.!C.,!Rawson,!R.!A.,!Lee,!S.,!&!Iguchi,!M.!Y.!(2011).!Quality!of!Life!

among!treatment!seeking!methamphetamine@dependent!individuals.!The,American,

Journal,on,Addictions,!20(4),!366@372.!

Gonzales,!R.,!Ang,!A.,!Marinelli@Casey,!P.,!Glik,!D.!C.,!Iguchi,!M.!Y.,!Rawson,!R.!A.,!&!

Methamphetamine!Treatment!Project!Corporate!Authors.!(2009).!Health@related!

quality!of!life!trajectories!of!methamphetamine@dependent!individuals!as!a!function!of!

treatment!completion!and!continued!care!over!a!1@year!period.!Journal,of,Substance,

Abuse,Treatment,!37(4),!353@361.!

Gonzales,!R.,!Marinelli@Casey,!P.,!Shoptaw,!S.,!Ang,!A.,!&!Rawson,!R.!A.!(2006).!Hepatitis!C!

infection!among!methamphetamine@dependent!individuals!in!outpatient!treatment.!

Journal,of,substance,abuse,treatment,,31(2),,195@202.!

Gonzalez,!R.,!Rippeth,!J.!D.,!Carey,!C.!L.,!Heaton,!R.!K.,!Moore,!D.!J.,!Schweinsburg,!B.!C.,!...!&!

Grant,!I.!(2004).!Neurocognitive!performance!of!methamphetamine!users!discordant!

for!history!of!marijuana!exposure.!Drug,and,Alcohol,Dependence,!76(2),!181@190.!

Gossop!M.,!Darke!S.,!Griffiths!P.,!Hando!J.,!Powis!B.,!Hall!W.,!&!Strang,!J.!(1995).!The!Severity!

of!Dependence!Scale!(SDS):!psychometric!properties!of!the!SDS!in!English!and!



! 155!

Australian!samples!of!heroin,!cocaine!and!amphetamine!users.!Addiction,!90(5),!607–

614.!

Groman,!S.!M.,!Lee,!B.,!Seu,!E.,!James,!A.!S.,!Feiler,!K.,!Mandelkern,!M.!A.,!...!&!Jentsch,!J.!D.!

(2012).!Dysregulation!of!d2@mediated!dopamine!transmission!in!monkeys!after!chronic!

escalating!methamphetamine!exposure.!Journal,of,Neuroscience,!32(17),!5843@5852.!

Harle,!K.!M.,!Zhang,!S.,!Schiff,!M.,!Mackey,!S.,!Paulus,!M.!P.,!&!Yu,!A.!J.!(2015).!Altered!

statistical!learning!and!decision@making!in!methamphetamine!dependence:!evidence!

from!a!two@armed!bandit!task.!Frontiers,in,Psychology,!6,,1910@1923.!

Harris,!D.!S.,!Boxenbaum,!H.,!Everhart,!E.!T.,!Sequeira,!G.,!Mendelson,!J.!E.,!&!Jones,!R.!T.!

(2003).!The!bioavailability!of!intranasal!and!smoked!methamphetamine.!Clinical,

Pharmacology,&,Therapeutics,!74(5),!475@486.!

Harris,!M.,!Penfold,!R.!B.,!Hawkins,!A.,!Maccombs,!J.,!Wallace,!B.,!&!Reynolds,!B.!(2014).!

Dimensions!of!impulsive!behavior!and!treatment!outcomes!for!adolescent!

smokers.!Experimental,and,Clinical,Psychopharmacology,!22(1),!57@64.!

Hasin,!D.,!Hatzenbuehler,!M.!L.,!Keyes,!K.,!&!Ogburn,!E.!(2006).!Substance!use!disorders:!

Diagnostic!and!Statistical!Manual!of!Mental!Disorders:!fourth!edition!(DSM@IV)!and!

International!Classification!of!Diseases,!tenth!edition!(ICD@10).!Addiction,,101(s1),!59@

75.!

Henry,!J.!D.,!Mazur,!M.,!&!Rendell,!P.!G.!(2009).!Social@cognitive!difficulties!in!former!users!of!

methamphetamine.!British,Journal,of,Clinical,Psychology,!48(3),!323@327.!

Henry,!B.!L.,!Minassian,!A.,!&!Perry,!W.!(2010).!Effect!of!methamphetamine!dependence!on!

everyday!functional!ability.!Addictive,Behaviors,!35(6),!593@598.!



! 156!

Herbeck,!D.!M.,!&!Brecht,!M.!L.!(2013).!Substance!use!and!mental!health!characteristics!

associated!with!cognitive!functioning!among!adults!who!use!

methamphetamine.!Journal,of,Addictive,Diseases,!32(1),!11@25.!

Herbeck,!D.!M.,!Brecht,!M.!L.,!&!Lovinger,!K.!(2015).!Mortality,!causes!of!death,!and!health!

status!among!methamphetamine!users.!Journal,of,Addictive,Diseases,!34(1),!88@100.!

Herring,!N.!R.,!Schaefer,!T.!L.,!Gudelsky,!G.!A.,!Vorhees,!C.!V.,!&!Williams,!M.!T.!(2008).!

Effect!of!methamphetamine!on!path!integration!learning,!novel!object!recognition,!

and!neurotoxicity!in!rats.!Psychopharmacology,!199(4),!637@650.!

Hides,!L.,!Dawe,!S.,!McKetin,!R.,!Kavanagh,!D.!J.,!Young,!R.!M.,!Teesson,!M.,!&!Saunders,!J.!B.!

(2015).!Primary!and!substance@induced!psychotic!disorders!in!methamphetamine!

users.!Psychiatry,Research,,226(1),!91@96.!

Hill,!K.!P.,!&!Sofuoglu,!M.!(2007).!Biological!Treatments!for!Amfetamine!Dependence.!CNS,

drugs,!21(10),!851@869.!

Hoffman,!W.!F.,!Moore,!M.,!Templin,!R.,!McFarland,!B.,!Hitzemann,!R.!J.,!&!Mitchell,!S.!H.!

(2006).!Neuropsychological!function!and!delay!discounting!in!methamphetamine@

dependent!individuals.!Psychopharmacology,!188(2),!162@170.!

Hoffman,!W.!F.,!Schwartz,!D.!L.,!Huckans,!M.!S.,!McFarland,!B.!H.,!Meiri,!G.,!Stevens,!A.!A.,!&!

Mitchell,!S.!H.!(2008).!Cortical!activation!during!delay!discounting!in!abstinent!

methamphetamine!dependent!individuals.!Psychopharmacology,!201(2),!183@193.!

Hofmann,!W.,!Friese,!M.,!&!Strack,!F.!(2009).!Impulse!and!self@control!from!a!dual@systems!

perspective.!Perspectives,on,Psychological,Science,!4(2),!162@176.!

Hofmann,!W.,!Schmeichel,!B.!J.,!&!Baddeley,!A.!D.!(2012).!Executive!functions!and!self@

regulation.!Trends,in,Cognitive,Sciences,!16(3),!174@180.!



! 157!

Hogue,!A.,!Dauber,!S.,!&!Morgenstern,!J.!(2010).!Validation!of!a!contemplation!ladder!in!an!

adult!substance!use!disorder!sample.!Psychology,of,Addictive,Behaviors,!24(1),!137@144.!

Homer,!B.!D.,!Solomon,!T.!M.,!Moeller,!R.!W.,!Mascia,!A.,!DeRaleau,!L.,!&!Halkitis,!P.!N.!

(2008).!Methamphetamine!abuse!and!impairment!of!social!functioning:!A!review!of!

the!underlying!neurophysiological!causes!and!behavioral!implications.!Psychological,

Bulletin,,134(2),!301@310.!

Hosak,!L.,!Preiss,!M.,!Bazant,!J.,!Tibenska,!A.,!Cermakova,!R.,!&!Cermakova,!E.!(2012).!

Comparison!of!Wisconsin!Card!Sorting!Test!results!between!Czech!subjects!

dependent!on!methamphetamine!versus!healthy!volunteers.!Psychiatria,

Danubina,!24(2),!188@193.!

Hosak,!L.,!Preiss,!M.,!Bazant,!J.,!Tibenska,!A.,!Holub,!D.,!Cermakova,!R.,!&!Cermakova,!E.!

(2011).!Comparison!of!Continuous!Performance!Test!results!between!subjects!

dependent!on!methamphetamine!and!healthy!volunteers.!Activitas,Nervosa,Superior,

Rediviva,,53(4),!182@186.!

Houben,!K.,!Wiers,!R.!W.,!&!Jansen,!A.!(2011).!Getting!a!grip!on!drinking!behavior:!training!

working!memory!to!reduce!alcohol!abuse.!Psychological,Science,!22(7),!968@975.!

Horan,!W.!P.,!Reddy,!L.!F.,!Barch,!D.!M.,!Buchanan,!R.!W.,!Dunayevich,!E.,!Gold,!J.!M.,!...!&!

Green,!M.F.!(2015).!Effort@based!decision@making!paradigms!for!clinical!trials!in!

schizophrenia:!part!2@external!validity!and!correlates.!Schizophrenia,Bulletin,!41(5),!

1055@1065.!

Iudicello,!J.!E.,!Weber,!E.,!Grant,!I.,!Weinborn,!M.,!Woods,!S.!P.,!&!HIV!Neurobehavioral!

Research!Center!(HNRC)!Group.!(2011).!Misremembering!future!intentions!in!

methamphetamine@dependent!individuals.!The,Clinical,Neuropsychologist,!25(2),!269@

286.!



! 158!

Izquierdo,!A.,!Belcher,!A.!M.,!Scott,!L.,!Cazares,!V.!A.,!Chen,!J.,!O'Dell,!S.!J.,!...!&!Marshall,!J.!F.!

(2010).!Reversal@specific!learning!impairments!after!a!binge!regimen!of!

methamphetamine!in!rats:!possible!involvement!of!striatal!

dopamine.!Neuropsychopharmacology,!35(2),!505@514.!

Janetsian,!S.!S.,!Linsenbardt,!D.!N.,!&!Lapish,!C.!C.!(2015).!Memory!impairment!and!

alterations!in!prefrontal!cortex!gamma!band!activity!following!methamphetamine!

sensitization.!Psychopharmacology,!232(12),!2083@2095.!

Joe,!G.!W.,!Rowan@Szal,!G.!A.,!Greener,!J.!M.,!Simpson,!D.!D.,!&!Vance,!J.!(2010).!Male!

methamphetamine@user!inmates!in!prison!treatment:!During@treatment!

outcomes.!Journal,of,Substance,Abuse,Treatment,!38(2),!141@152.!

Johanson,!C.!E.,!Frey,!K.!A.,!Lundahl,!L.!H.,!Keenan,!P.,!Lockhart,!N.,!Roll,!J.,!...!&!Schuster,!C.!

R.!(2006).!Cognitive!function!and!nigrostriatal!markers!in!abstinent!

methamphetamine!abusers.!Psychopharmacology,!185(3),!327@338.!

Kahneman,!D.!(2003).!A!perspective!on!judgment!and!choice:!mapping!bounded!rationality.!

American,Psychologist,,58(9),!697@720.!

Kalechstein,!A.!D.,!Newton,!T.!F.,!&!Green,!M.!(2003).!Methamphetamine!dependence!is!

associated!with!neurocognitive!impairment!in!the!initial!phases!of!abstinence.!The,

Journal,of,Neuropsychiatry,and,Clinical,Neurosciences,!15(2),!215@220.!

Kalivas,!P.!W.,!&!Volkow,!N.!D.!(2005).!The!neural!basis!of!addiction:!A!pathology!of!

motivation!and!choice.!American,Journal,of,Psychiatry,!162(8),!1403–1413.!!

Kamei,!H.,!Nagai,!T.,!Nakano,!H.,!Togan,!Y.,!Takayanagi,!M.,!Takahashi,!K.,!...!&!Nabeshima,!

T.!(2006).!Repeated!methamphetamine!treatment!impairs!recognition!memory!

through!a!failure!of!novelty@induced!ERK1/2!activation!in!the!prefrontal!cortex!of!

mice.!Biological,Psychiatry,!59(1),!75@84.!



! 159!

Kangas,!B.!D.,!&!Bergman,!J.!(2016).!Effects!of!self@administered!methamphetamine!on!

discrimination!learning!and!reversal!in!nonhuman!

primates.!Psychopharmacology,!233(3),!373@380.!

Kaye,!S.,!McKetin,!R.,!Duflou,!J.,!&!Darke,!S.!(2007).!Methamphetamine!and!cardiovascular!

pathology:!a!review!of!the!evidence.!Addiction,,102(8),!1204@1211.!

Kehagia,!A.!A.,!Murray,!G.!K.,!&!Robbins,!T.!W.!(2010).!Learning!and!cognitive!flexibility:!

frontostriatal!function!and!monoaminergic!modulation.!Current,Opinion,in,

Neurobiology,,20(2),!199@204.!

Khurana,!A.,!Romer,!D.,!Betancourt,!L.!M.,!&!Hurt,!H.!(2017).!Working!memory!ability!and!

early!drug!use!progression!as!predictors!of!adolescent!substance!use!

disorders.!Addiction,!112(7),!1220@1228.!

Kim,!Y.!T.,!Lee,!S.!W.,!Kwon,!D.!H.,!Seo,!J.!H.,!Ahn,!B.!C.,!&!Lee,!J.!(2009).!Dose@dependent!

frontal!hypometabolism!on!FDG@PET!in!methamphetamine!abusers.!Journal,of,

Psychiatric,Research,!43(14),!1166@1170.!

Kim,!S.!J.,!Lyoo,!I.!K.,!Hwang,!J.,!Chung,!A.,!Sung,!Y.!H.,!Kim,!J.,!...!&!Renshaw,!P.!F.!(2006).!

Prefrontal!grey@matter!changes!in!short@term!and!long@term!abstinent!

methamphetamine!abusers.!The,International,Journal,of,

Neuropsychopharmacology,!9(2),!221@228.!

Kirby,!K.!N.,!Petry,!N.!M.,!&!Bickel,!W.!K.!(1999).!Heroin!addicts!have!higher!discount!rates!

for!delayed!rewards!than!non@drug@using!controls.!Journal,of,Experimental,Psychology:,

General,!128(1),!78@87.!

Kish,!S.!J.!(2008).!Pharmacologic!mechanisms!of!crystal!meth.!Canadian,Medical,Association,

Journal,!178(13),!1679@1682.!



! 160!

Kish,!S.!J.,!Fitzmaurice,!P.!S.,!Boileau,!I.,!Schmunk,!G.!A.,!Ang,!L.!C.,!Furukawa,!Y.,!...!&!Tong,!

J.!(2009).!Brain!serotonin!transporter!in!human!methamphetamine!users.!

Psychopharmacology,,202(4),!649@661.!

Kohno,!M.,!Morales,!A.!M.,!Ghahremani,!D.!G.,!Hellemann,!G.,!&!London,!E.!D.!(2014).!Risky!

decision!making,!prefrontal!cortex,!and!mesocorticolimbic!functional!connectivity!in!

methamphetamine!dependence.!JAMA,Psychiatry,!71(7),!812@820.!

Koob,!G.!F.,!&!Le!Moal,!M.!(2005).!Plasticity!of!reward!neurocircuitry!and!the!‘dark!side’!of!

drug!addiction.!Nature,Neuroscience,!8(11),!1442–1444.!!

Kosheleff,!A.!R.,!Rodriguez,!D.,!O’Dell,!S.!J.,!Marshall,!J.!F.,!&!Izquierdo,!A.!(2012).!Comparison!

of!single@dose!and!extended!methamphetamine!administration!on!reversal!learning!in!

rats.!Psychopharmacology,!224(3),!459@467.!

Kurtz,!M.!M.!(2011).!Neurocognition!as!a!predictor!of!response!to!evidence@based!

psychosocial!interventions!in!schizophrenia:!what!is!the!state!of!the!evidence?.!Clinical,

Psychology,Review,!31(4),!663@672.!

Kurtz,!M.!M.,!Seltzer,!J.!C.,!Fujimoto,!M.,!Shagan,!D.!S.,!&!Wexler,!B.!E.!(2009).!Predictors!of!

change!in!life!skills!in!schizophrenia!after!cognitive!remediation.!Schizophrenia,

Research,!107(2),!267@274.!

Kurtz,!M.!M.,!Wexler,!B.!E.,!Fujimoto,!M.,!Shagan,!D.!S.,!Seltzer,!J.!C.!(2008).!Symptoms!

versus!neurocognition!as!predictors!of!change!in!life!skills!in!schizophrenia!after!

outpatient!rehabilitation.!Schizophrenia,Research,!102(1@3),!303–311.!!

Lai,!F.!Y.,!O'Brien,!J.,!Thai,!P.!K.,!Hall,!W.!D.,!&!Mueller,!J.!(2016).!Trends!in!

methamphetamine!residues!in!wastewater!in!metropolitan!and!regional!cities!in!

south@east!Queensland,!2009–2015.!Medical,Journal,of,Australia,!204(4),!151@152.!



! 161!

Land,!K.!C.,!Michalos,!A.!C.,!&!Sirgy,!M.!J.!(2012).!Prologue:!the!development!and!evolution!of!

research!on!social!indicators!and!quality!of!life!(QoL).!In:!Land,!K.!C.,!Michalos,!A.!C.,!

&!Sirgy,!M.!J.!(Eds).!Handbook!of!Social!Indicators!and!Quality!of!Life!Research.!

Springer,!Dordrecht.!

Laudet,!A.!B.!(2011).!The!case!for!considering!quality!of!life!in!addiction!research!and!clinical!

practice.!Addiction,Science,&,Clinical,Practice,!6(1),!44@55.!

Laudet,!A.!B.,!Becker,!J.!B.,!&!White,!W.!L.!(2009).!Don't!wanna!go!through!that!madness!no!

more:!Quality!of!life!satisfaction!as!predictor!of!sustained!remission!from!illicit!drug!

misuse.!Substance,Use,&,Misuse,!44(2),!227@252.!

Le!Berre,!A.!P.,!Vabret,!F.,!Cauvin,!C.,!Pinon,!K.,!Allain,!P.,!Pitel,!A.!L.,!...!&!Beaunieux,!H.!

(2012).!Cognitive!barriers!to!readiness!to!change!in!alcohol@dependent!

patients.!Alcoholism:,Clinical,and,Experimental,Research,!36(9),!1542@1549.!

Le!Cozannet,!R.,!Markou,!A.,!&!Kuczenski,!R.!(2013).!Extended@access,!but!not!limited@access,!

methamphetamine!self@administration!induces!behavioral!and!nucleus!accumbens!

dopamine!response!changes!in!rats.!European,Journal,of,Neuroscience,!38(10),!3487@

3495.!

Logan,!B.!K.!(2002).!Methamphetamine@effects!on!human!performance!and!

behavior.!Forensic,Science,Review,!14(1),!133@151.!

Logue,!S.!F.,!&!Gould,!T.!J.!(2014).!The!neural!and!genetic!basis!of!executive!function:!

Attention,!cognitive!flexibility,!and!response!inhibition.!Pharmacology,Biochemistry,

and,Behavior,!123,!45@54.!

Luan,!X.,!Ren,!W.,!Zhao,!K.,!Su,!H.,!Shen,!H.,!Chen,!H.,!...!&!He,!J.!(2017).!High!prevalence!of!

depressive!symptoms!and!impulsivity!as!well!as!their!relationship!during!subacute!



! 162!

methamphetamine!withdrawal!in!chronic!abusers.!Journal,of,Clinical,Neuroscience,!39,!

1@3.!

Lubman,!D.!I.,!Garfield!J.!B.!B.,!Manning!V,!Berends!L.,!Best!D.,!Mugavin!J.!M.,!...!Allsop,!S.!

(2016).!Characteristics!of!individuals!presenting!to!treatment!for!primary!alcohol!

problems!versus!other!drug!problems!in!the!Australian!patient!pathways!study.!BMC,

Psychiatry,!16(1),!250@261.!

Lv,!D.,!Zhang,!M.,!Jin,!X.,!Zhao,!J.,!Han,!B.,!Su,!H.,!...!&!He,!J.!(2016).!The!body!mass!index,!

blood!pressure,!and!fasting!blood!glucose!in!patients!with!methamphetamine!

dependence.!Medicine,!95(12),!e3152.!

Mackey,!S.,!&!Paulus,!M.!(2013).!Are!there!volumetric!brain!differences!associated!with!the!

use!of!cocaine!and!amphetamine@type!stimulants?.!Neuroscience,&,Biobehavioral,

Reviews,!37(3),!300@316.!

Marceau,!E.!M.,!Berry,!J.,!Lunn,!J.,!Kelly,!P.!J.,!&!Solowij,!N.!(2017).!Cognitive!remediation!

improves!executive!functions,!self@regulation!and!quality!of!life!in!residents!of!a!

substance!use!disorder!therapeutic!community.!Drug,and,Alcohol,Dependence,!178,,

150@158.!!

McClure,!S.!M.,!&!Bickel,!W.K.!(2014).!A!dual@systems!perspective!on!addiction:!contributions!

from!neuroimaging!and!cognitive!training.!Annals,of,the,New,York,Academy,of,

Sciences,!1327(1),!62@78.!

McDermott,!L.!M.,!&!Ebmeier,!K.!P.!(2009).!A!meta@analysis!of!depression!severity!and!

cognitive!function.!Journal,of,Affective,Disorders,!119(1),!1@8.!

McKetin,!R.,!Degenhardt,!L.,!Shanahan,!M.,!Baker,!A.!L.,!Lee,!N.!K.,!&!Lubman,!D.!I.!(2017).!

Health!service!utilisation!attributable!to!methamphetamine!use!in!Australia:!Patterns,!

predictors!and!national!impact.!Drug,and,Alcohol,Review.!doi:10.1111/dar.12518!



! 163!

McKetin,!R.,!Lubman,!D.!I.,!Baker,!A.!L.,!Dawe,!S.,!&!Ali,!R.!L.!(2013).!Dose@related!psychotic!

symptoms!in!chronic!methamphetamine!users:!evidence!from!a!prospective!

longitudinal!study.!JAMA,Psychiatry,!70(3),!319@324.!

McKetin,!R.,!Lubman,!D.!I.,!Lee,!N.!M.,!Ross,!J.!E.,!&!Slade,!T.!N.!(2011).!Major!depression!

among!methamphetamine!users!entering!drug!treatment!programs.!The,Medical,

Journal,of,Australia,!195(3),!51@55.!

McKetin,!R.,!McLaren,!J.,!&!Kelly,!E.!(2005).!Monograph!No.!13.!The!Sydney!

Methamphetamine!Market:!Patterns!of!Supply,!Use,!Personal!Harms!and!Social!

Consequences.!DPMP,Monograph,Series.,Sydney,!Australia:!National!Drug!and!

Alcohol!Research!Centre.!

McKetin,!R.,!McLaren,!J.,!Lubman,!D.!I.,!&!Hides,!L.!(2006).!The!prevalence!of!psychotic!

symptoms!among!methamphetamine!users.!Addiction,,101,,1473@1478.!

McKetin,!R.,!Najman,!J.!M.,!Baker,!A.!L.,!Lubman,!D.!I.,!Dawe,!S.,!Ali,!R.,!...!&!Mamun,!A.!

(2012).!Evaluating!the!impact!of!community@based!treatment!options!on!

methamphetamine!use:!findings!from!the!Methamphetamine!Treatment!Evaluation!

Study!(MATES).!Addiction,!107(11),!1998@2008.!

McClure,!S.!M.,!&!Bickel,!W.!K.!(2014).!A!dual@systems!perspective!on!addiction:!

contributions!from!neuroimaging!and!cognitive!training.!Annals,of,the,New,York,

Academy,of,Sciences,!1327(1),!62@78.!

Medalia,!A.,!&!Bowie,!C.!R.!(2016).!Cognitive!remediation!to!improve!functional!outcomes.!

Oxford,!UK:!Oxford!University!Press.!

Medalia,!A.,!&!Choi,!J.!(2009).!Cognitive!remediation!in!schizophrenia.!Neuropsychology,

Review,!19(3),!353@364.!



! 164!

Melo,!P.,!Magalhaes,!A.,!Alves,!C.!J.,!Tavares,!M.!A.,!de!Sousa,!L.,!Summavielle,!T.,!&!Moradas@

Ferreira,!P.!(2012).!Methamphetamine!mimics!the!neurochemical!profile!of!aging!in!

rats!and!impairs!recognition!memory.!Neurotoxicology,!33(3),!491@499.!

Meng,!P.,!Zhu,!D.,!He,!H.,!Wang,!Y.,!Guo,!F.,!&!Zhang,!L.!(2009).!Determination!of!

amphetamines!in!hair!by!GC/MS!after!small@volume!liquid!extraction!and!microwave!

derivatization.!Analytical,Sciences,,25(9),!1115@1118.!

Metcalfe,!J.,!&!Mischel,!W.!(1999).!A!hot/cool@system!analysis!of!delay!of!gratification:!

dynamics!of!willpower.!Psychological,Review,!106(1),!3@19.!

Miyake,!A.,!&!Friedman,!N.!P.!(2012).!The!nature!and!organization!of!individual!differences!in!

executive!functions:!Four!general!conclusions.!Current,Directions,in,Psychological,

Science,!21(1),!8@14.!

Mizoguchi,!H.,!Ibi,!D.,!Takase,!F.,!Nagai,!T.,!Kamei,!H.,!Toth,!E.,!...!&!Yamada,!K.!(2011).!

Nicotine!ameliorates!impairment!of!working!memory!in!methamphetamine@treated!

rats.!Behavioural,Brain,Research,!220(1),!159@163.!

Mizoguchi,!H.,!Katahira,!K.,!Inutsuka,!A.,!Fukumoto,!K.,!Nakamura,!A.,!Wang,!T.,!...!&!

Yamanaka,!A.!(2015).!Insular!neural!system!controls!decision@making!in!healthy!and!

methamphetamine@treated!rats.!Proceedings,of,the,National,Academy,of,

Sciences,!112(29),!E3930@E3939.!

Monterosso,!J.!R.,!Ainslie,!G.,!Xu,!J.,!Cordova,!X.,!Domier,!C.!P.,!&!London,!E.!D.!(2007).!

Frontoparietal!cortical!activity!of!methamphetamine@dependent!and!comparison!

subjects!performing!a!delay!discounting!task.!Human,Brain,Mapping,!28(5),!383@393.!

Montoya,!J.!L.,!Cattie,!J.,!Morgan,!E.,!Woods,!S.!P.,!Cherner,!M.,!Moore,!D.!J.,!...!&!

Translational!Methamphetamine!AIDS!Research!Center!(TMARC)!Group,!T.!(2016).!



! 165!

The!impact!of!age,!HIV!serostatus!and!seroconversion!on!methamphetamine!use.!The,

American,Journal,of,Drug,and,Alcohol,Abuse,!42(2),!168@177.!

Moore,!T.!(2007).!Monograph!No.!14:!Working!estimates!of!the!social!costs!per!gram!and!per!

user!for!cannabis,!cocaine,!opiates!and!amphetamines.!DPMP,Monograph,Series.!

Sydney,!Australia:!National!Drug!and!Alcohol!Research!Centre.!

Morgan,!E.!E.,!Doyle,!K.!L.,!Minassian,!A.,!Henry,!B.!L.,!Perry,!W.,!Marcotte,!T.!D.,!...!&!Grant,!

I.!(2014).!Elevated!intraindividual!variability!in!methamphetamine!dependence!is!

associated!with!poorer!everyday!functioning.!Psychiatry,Research,!220(1),!527@534.!

Morgan,!E.!E.,!Woods,!S.!P.,!Poquette,!A.!J.,!Vigil,!O.,!Heaton,!R.!K.,!Grant,!I.,!&!Translational!

Methamphetamine!Research!Center!(TMARC)!group.!(2012).!Visual!memory!in!

methamphetamine@dependent!individuals:!deficient!strategic!control!of!encoding!and!

retrieval.!Australian,&,New,Zealand,Journal,of,Psychiatry,!46(2),!141@152.!

Nakama,!H.,!Chang,!L.,!Fein,!G.,!Shimotsu,!R.,!Jiang,!C.!S.,!&!Ernst,!T.!(2011).!

Methamphetamine!users!show!greater!than!normal!age@related!cortical!gray!matter!

loss.!Addiction,!106(8),!1474@1483.!

Nejtek,!V.!A.,!Kaiser,!K.!A.,!Zhang,!B.,!&!Djokovic,!M.!(2013).!Iowa!Gambling!Task!scores!

predict!future!drug!use!in!bipolar!disorder!outpatients!with!stimulant!

dependence.!Psychiatry,Research,!210(3),!871@879.!

Nestor,!L.!J.,!Ghahremani,!D.!G.,!Monterosso,!J.,!&!London,!E.!D.!(2011).!Prefrontal!

hypoactivation!during!cognitive!control!in!early!abstinent!methamphetamine@

dependent!subjects.!Psychiatry,Research:,Neuroimaging,!194(3),!287@295.!

Newton!T.!F.,!De!La!Garza!R.,!Fong!T.,!Chiang!N.,!Holmes!T.!H.,!Bloch!D.!A.,!...!&!Elkashef,!A.!

(2005).,A!comprehensive!assessment!of!the!safety!of!intravenous!methamphetamine!

administration!during!treatment!with!selegiline.!Pharmacology,Biochemistry,and,



! 166!

Behavior,!82(4),!704–711.!!

Nguyen!P.,!Dietze!P.,!&!Lloyd!B.!(2013).!Series!No.!103:,Victorian!Trends!in!Ecstasy!and!

Related!Drug!Markets!2012.!Findings!from!the!Ecstasy!and!Related!Drugs!Reporting!

System!(EDRS).!Australian,Drug,Trends,Series.!Sydney,!Australia:!National!Drug!and!

Alcohol!Research!Centre.!

Noel,!X.,!Brevers,!D.,!&!Bechara,!A.!(2013).!A!neurocognitive!approach!to!understanding!the!

neurobiology!of!addiction.!Current,Opinion,in,Neurobiology,!23(4),!632@638.!

Nordahl,!T.E.,!Salo,!R.,!Natsuaki,!Y.,!Galloway,!G.P.,!Waters,!C.,!Moore,!C.D.,!...!&!Buonocore,!

M.H.!(2005).!Methamphetamine!users!in!sustained!abstinence:!a!proton!magnetic!

resonance!spectroscopy!study.!Archives,of,General,Psychiatry,!62(4),!444–452.!!

North,!A.,!Swant,!J.,!Salvatore,!M.!F.,!Gamble@george,!J.,!Prins,!P.,!Butler,!B.,!...!&!Khoshbouei,!

H.!(2013).!Chronic!methamphetamine!exposure!produces!a!delayed,!long@lasting!

memory!deficit.!Synapse,!67(5),!245@257.!

O’Dell,!S.!J.,!Feinberg,!L.!M.,!&!Marshall,!J.!F.!(2011).!A!neurotoxic!regimen!of!

methamphetamine!impairs!novelty!recognition!as!measured!by!a!social!odor@based!

task.!Behavioural,Brain,Research,!216(1),!396@401.!

Oh,!J.!S.,!Lyoo,!I.!K.,!Sung,!Y.!H.,!Hwang,!J.,!Kim,!J.,!Chung,!A.,!...!&!Song,!I.!C.!(2005).!Shape!

changes!of!the!corpus!callosum!in!abstinent!methamphetamine!users.!Neuroscience,

Letters,!384(1),!76@81.!

Panenka,!W.!J.,!Procyshyn,!R.!M.,!Lecomte,!T.,!MacEwan,!G.!W.,!Flynn,!S.!W.,!Honer,!W.!G.,!

&!Barr,!A.!M.!(2013).!Methamphetamine!use:!a!comprehensive!review!of!molecular,!

preclinical!and!clinical!findings.!Drug,and,Alcohol,Dependence,!129(3),!167@179.!



! 167!

Parsegian,!A.,!Glen,!W.!B.,!Lavin,!A.,!&!See,!R.!E.!(2011).!Methamphetamine!self@

administration!produces!attentional!set@shifting!deficits!and!alters!prefrontal!cortical!

neurophysiology!in!rats.!Biological,Psychiatry,!69(3),!253@259.!

Passetti,!F.,!Clark,!L.,!Davis,!P.,!Mehta,!M.!A.,!White,!S.,!Checinski,!K.,!...!&!Abou@Saleh.!(2011).!

Risky!decision@making!predicts!short@term!outcome!of!community!but!not!residential!

treatment!for!opiate!addiction.!Implications!for!case!management.!Drug,and,Alcohol,

Dependence,,118(1),!12@18.!!

Patterson,!F.,!Jepson,!C.,!Loughead,!J.,!Perkins,!K.,!Strasser,!A.!A.,!Siegel,!S.,!...!&!Lerman,!C.!

(2010).!Working!memory!deficits!predict!short@term!smoking!resumption!following!

brief!abstinence.!Drug,and,Alcohol,Dependence,!106(1),!61@64.!

Penberthy,!J.!K.,!Ait@Daoud,!N.,!Vaughan,!M.,!&!Fanning,!T.!(2010).!Review!of!treatment!for!

cocaine!dependence.!Current,Drug,Abuse,Reviews,!3(1),!49@62.!

Perry,!J.!L.,!&!Carroll,!M.!E.!(2008).!The!role!of!impulsive!behavior!in!drug!abuse.!

Psychopharmacology,,200(1),!1@26.!

Powell,!J.,!Dawkins,!L.,!West,!R.,!Powell,!J.,!&!Pickering,!A.!(2010).!Relapse!to!smoking!during!

unaided!cessation:!clinical,!cognitive!and!motivational!predictors.!

Psychopharmacology,,212(4),!537@549.!!

Quinn,!B.,!Stoove,!M.,!Papanastasiou,!C.,!&!Dietze,!P.!(2013).!Methamphetamine!use!in!

Melbourne,!Australia:!Baseline!characteristics!of!a!prospective!methamphetamine@

using!cohort!and!correlates!of!methamphetamine!dependence.!Journal,of,Substance,

Use,!18(5),!349@362.!

Radloff,!L.!S.!(1977).!The!CES@D!scale:!A!self@report!depression!scale!for!research!in!the!

general!population.!Applied,Psychological,Measurement,,1(3),!385@401.!



! 168!

Ramsay,!J.!R.!(2017).!Assessment!and!monitoring!of!treatment!response!in!adult!ADHD!

patients:!current!perspectives.!Neuropsychiatric,Disease,and,Treatment,!13,!221@232.!

Reddy,!L.!F.,!Horan,!W.!P.,!Barch,!D.!M.,!Buchanan,!R.!W.,!Dunayevich,!E.,!Gold,!J.!M.,!...!&!

Green,!M.!F.!(2015).!Effort@based!decision@making!paradigms!for!clinical!trials!in!

schizophrenia:!part!1—psychometric!characteristics!of!5!paradigms.!Schizophrenia,

Bulletin,!41(5),!1045@1054.!

Reichel,!C.!M.,!Ramsey,!L.!A.,!Schwendt,!M.,!McGinty,!J.!F.,!&!See,!R.!E.!(2012).!

Methamphetamine@induced!changes!in!the!object!recognition!memory!circuit.!

Neuropharmacology,,62(2),!1119@1126.!

Reichel,!C.!M.,!Schwendt,!M.,!McGinty,!J.!F.,!Olive,!M.!F.,!&!See,!R.!E.!(2011).!Loss!of!object!

recognition!memory!produced!by!extended!access!to!methamphetamine!self@

administration!is!reversed!by!positive!allosteric!modulation!of!metabotropic!glutamate!

receptor!5.!Neuropsychopharmacology,!36(4),!782@792.!

Rendell,!P.!G.,!Mazur,!M.,!&!Henry,!J.!D.!(2009).!Prospective!memory!impairment!in!former!

users!of!methamphetamine.!Psychopharmacology,!203(3),!609@616.!

Richards,!J.!B.,!Sabol,!K.!E.,!&!de!Wit,!H.!(1999).!Effects!of!methamphetamine!on!the!adjusting!

amount!procedure,!a!model!of!impulsive!behavior!in!rats.!Psychopharmacology,,

146(4),!432@439.!!

Richards,!J.!B.,!Zhang,!L.,!Mitchell,!S.!H.,!&!De!Wit,!H.!(1999).!Delay!or!probability!

discounting!in!a!model!of!impulsive!behavior:!Effects!of!alcohol.!Journal,of,

Experimental,Analysis,of,Behavior,,71(2),,121@143.!

Ridderinkhof,!K.!R.,!Ullsperger,!M.,!Crone,!E.!A.,!&!Nieuwenhuis,!S.!(2004).!The!role!of!the!

medial!frontal!cortex!in!cognitive!control.!Science,!306,!443@447.!



! 169!

Riddle,!E.!L.,!Fleckenstein,!A.!E.,!&!Hanson,!G.!R.!(2006).!Mechanisms!of!methamphetamine@

induced!dopaminergic!neurotoxicity.!The,AAPS,Journal,!8(2),!E413@E418.!

Robinson,!T.!E.,!&!Berridge,!K.!C.!(1993).!The!neural!basis!of!drug!craving:!an!incentive!

sensitization!theory!of!addiction.!Brain,Research,Reviews,,18(3),!247@291.!

Roche,!A.!M.,!Pidd,!K.,!Bywood,!P.,!&!Freeman,!T.!(2008).!Methamphetamine!use!among!

Australian!workers!and!its!implications!for!prevention.!Drug,and,Alcohol,Review,!27(3),!

334@341.!

Rogers,!J.!L.,!De!Santis,!S.,!&!See,!R.!E.!(2008).!Extended!methamphetamine!self@

administration!enhances!reinstatement!of!drug!seeking!and!impairs!novel!object!

recognition!in!rats.!Psychopharmacology,!199(4),!615@624.!

Ross,!L.,!Adams,!T.,!&!Beovich,!B.!(2017).!Methamphetamine!use!and!emergency!services!in!

Australia:!a!scoping!review.!Journal,of,Paramedic,Practice,!9(6),!244@257.!

Salo,!R.,!Fassbender,!C.,!Buonocore,!M.!H.,!&!Ursu,!S.!(2013).!Behavioral!regulation!in!

methamphetamine!abusers:!an!fMRI!study.!Psychiatry,Research:,Neuroimaging,!211(3),!

234@238.!

Salo,!R.,!Flower,!K.,!Kielstein,!A.,!Leamon,!M.!H.,!Nordahl,!T.!E.,!&!Galloway,!G.!P.!(2011).!

Psychiatric!comorbidity!in!methamphetamine!dependence.!Psychiatry,

Research,!186(2),!356@361.!

Salo,!R.,!Nordahl,!T.!E.,!Natsuaki,!Y.,!Leamon,!M.!H.,!Galloway,!G.!P.,!Waters,!C.,!...!&!

Buonocore,!M.!H.!(2007).!Attentional!control!and!brain!metabolite!levels!in!

methamphetamine!abusers.!Biological,Psychiatry,!61(11),!1272@1280.!

Salo,!R.,!Ursu,!S.,!Buonocore,!M.!H.,!Leamon,!M.!H.,!&!Carter,!C.!(2009).!Impaired!prefrontal!

cortical!function!and!disrupted!adaptive!cognitive!control!in!methamphetamine!



! 170!

abusers:!a!functional!magnetic!resonance!imaging!study.!Biological,Psychiatry,!65(8),!

706@709.!

Schmitter@Edgecombe,!M.,!Woo,!E.,!&!Greeley,!D.!R.!(2009).!Characterizing!multiple!memory!

deficits!and!their!relation!to!everyday!functioning!in!individuals!with!mild!cognitive!

impairment.!Neuropsychology,!23(2),!168@177.!

Scott,!N.,!Caulkins,!J.!P.,!&!Dietze,!P.!(2016).!How!is!methamphetamine!typically!purchased!

and!used!in!Melbourne,!Australia?!Reports!from!a!cohort!of!people!who!inject!

drugs.!Addiction,Research,&,Theory,!24(5),!416@425.!

Scott,!N.,!Caulkins,!J.!P.,!Ritter,!A.,!Quinn,!C.,!&!Dietze,!P.!(2015).!High@frequency!drug!purity!

and!price!series!as!tools!for!explaining!drug!trends!and!harms!in!Victoria,!

Australia.!Addiction,!110(1),!120@128.!

Scott,!J.!C.,!Woods,!S.!P.,!Matt,!G.!E.,!Meyer,!R.!A.,!Heaton,!R.!K.,!Atkinson,!J.!H.,!&!Grant,!I.!

(2007).!Neurocognitive!effects!of!methamphetamine:!a!critical!review!and!meta@

analysis.!Neuropsychology,Review,!17(3),!275@297.!

Sekine,!Y.,!Ouchi,!Y.,!Sugihara,!G.,!Takei,!N.,!Yoshikawa,!E.,!Nakamura,!K.,!...!&!Kawai,!M.!

(2008).!Methamphetamine!causes!microglial!activation!in!the!brains!of!human!

abusers.!Journal,of,Neuroscience,!28(22),!5756@5761.!

Shappell,!S.!A.,!Kearns,!G.!L.,!Valentine,!J.!L.,!Neri,!D.!F.,!&!DeJohn,!C.!A.!(1996).!

Chronopharmacokinetics!and!chronopharmacodynamics!of!dextromethamphetamine!

in!man.!The,Journal,of,Clinical,Pharmacology,!36(11),!1051–1063.!�!

Sheffer,!C.,!MacKillop,!J.,!McGeary,!J.,!Landes,!R.,!Carter,!L.,!Yi,!R.,!...!&!Bickel,!W.!(2012).!

Delay!discounting,!locus!of!control,!and!cognitive!impulsiveness!independently!

predict!tobacco!dependence!treatment!outcomes!in!a!highly!dependent,!lower!

socioeconomic!group!of!smokers.!The,American,Journal,on,Addictions,!21(3),!221@232.!



! 171!

Siegel,!J.!A.,!Craytor,!M.!J.,!&!Raber,!J.!(2010).!Long@term!effects!of!methamphetamine!

exposure!on!cognitive!function!and!muscarinic!acetylcholine!receptor!levels!in!

mice.!Behavioural,Pharmacology,!21(7),!602@614.!

Simoes,!P.!F.,!Silva,!A.!P.,!Pereira,!F.!C.,!Marques,!E.,!Grade,!S.,!Milhazes,!N.,!...!&!Macedo,!T.!

R.!(2007).!Methamphetamine!induces!alterations!on!hippocampal!NMDA!and!AMPA!

receptor!subunit!levels!and!impairs!spatial!working!memory.!Neuroscience,!150(2),!

433@441.!

Simon,!S.!L.,!Dean,!A.!C.,!Cordova,!X.,!Monterosso,!J.!R.,!&!London,!E.!D.!(2010).!

Methamphetamine!dependence!and!neuropsychological!functioning:!Evaluating!

change!during!early!abstinence.!Journal,of,Studies,on,Alcohol,and,Drugs,!71(3),!335@344.!

Simon,!S.!L.,!Domier,!C.,!Carnell,!J.,!Brethen,!P.,!Rawson,!R.,!&!Ling,!W.!(2000).!Cognitive!

impairment!in!individuals!currently!using!methamphetamine.!The,American,Journal,

on,Addictions,!9(3),!222@231.!

Skevington,!S.!M.,!Lotfy,!M.,!&!O’Connell,!K.!A.!(2004).!The!World!Health!Organization’s!

WHOQOL@BREF!quality!of!life!assessment:!Psychometric!properties!and!results!of!the!

international!field!trial.!Quality,of,Life,Research.!13(2),!299–310.!

Sobell,!L.!C.,!&!Sobell,!M.!B.!(1996).!Timeline!follow!back:!A!calendar!method!for!assessing!

alcohol!and!drug!use!(user’s!guide).!Toronto:!Addiction!Research!Foundation.!

Sofuoglu,!M.,!DeVito,!E.!E.,!Waters,!A.!J.,!&!Carroll,!K.!M.!(2013).!Cognitive!enhancement!as!a!

treatment!for!drug!addictions.,Neuropharmacology,!64,!452@463.!

Sofuoglu!M.,!DeVito!E.!E.,!Waters!A.!J.,!&!Carroll!K.!M.!(2016).!Cognitive!function!as!a!

transdiagnostic!treatment!target!in!stimulant!use!disorders.!Journal,of,Dual,Diagnosis,!

12(1),!90@106.!



! 172!

Son,!J.!H.,!Kuhn,!J.,!&!Keefe,!K.!A.!(2013).!Perseverative!behavior!in!rats!with!

methamphetamine@induced!neurotoxicity.!Neuropharmacology,!67,!95@103.!

Stavro,!K.,!Pelletier,!J.,!&!Potvin,!S.!(2013).!Widespread!and!sustained!cognitive!deficits!in!

alcoholism:!A!meta@analysis.!Addiction,Biology,!18(2),!203@213.!

Stevens,!L.,!Verdejo@Garcia,!A.,!Roeyers,!H.,!Goudriaan,!A.!E.,!&!Vanderplasschen,!W.!(2015).!

Delay!discounting,!treatment!motivation!and!treatment!retention!among!substance@

dependent!individuals!attending!an!in!inpatient!detoxification!program.!Journal,of,

Substance,Abuse,Treatment,!49,!58@64.!!

Stevens,!L.,!Verdejo@García,!A.,!Goudriaan,!A.!E.,!Roeyers,!H.,!Dom,!G.,!&!Vanderplasschen,!

W.!(2014).!Impulsivity!as!a!vulnerability!factor!for!poor!addiction!treatment!outcomes:!

a!review!of!neurocognitive!findings!among!individuals!with!substance!use!

disorders.!Journal,of,Substance,Abuse,Treatment,!47(1),!58@72.!

Stolyarova,!A.,!O’Dell,!S.!J.,!Marshall,!J.!F.,!&!Izquierdo,!A.!(2014).!Positive!and!negative!

feedback!learning!and!associated!dopamine!and!serotonin!transporter!binding!after!

methamphetamine.!Behavioural,Brain,Research,!271,!195@202.!

Stolyarova,!A.,!Thompson,!A.!B.,!Barrientos,!R.!M.,!&!Izquierdo,!A.!(2015).!Reductions!in!

frontocortical!cytokine!levels!are!associated!with!long@lasting!alterations!in!reward!

valuation!after!methamphetamine.!Neuropsychopharmacology,,40(5),!1234@1242.!

Strauss,!E.,!Sherman,!E.!M.,!&!Spreen,!O.!(2006).!A!compendium!of!neuropsychological!tests:!

Administration,!norms!and!commentary!(3rd!ed.).!New!York:!Oxford!University!Press.!

Streeter,!C.!C.,!Terhune,!D.!B.,!Whitfield,!T.!H.,!Gruber,!S.,!Sarid@Segal,!O.,!Silveri,!M.!M.,!...!&!

Renshaw,!P.!F.!(2008).!Performance!on!the!Stroop!predicts!treatment!compliance!in!

cocaine@dependent!individuals.!Neuropsychopharmacology,!33(4),!827@836.!



! 173!

Thanos,!P.!K.,!Kim,!R.,!Delis,!F.,!Ananth,!M.,!Chachati,!G.,!Rocco,!M.!J.,!...!&!Cadet,!J.!L.!

(2016).!Chronic!methamphetamine!effects!on!brain!structure!and!function!in!

rats.!PLoS,ONE,!11(6),!e0155457.!

Thompson,!A.!B.,!Gerson,!J.,!Stolyarova,!A.,!Bugarin,!A.,!Hart,!E.!E.,!Jentsch,!J.!D.,!&!

Izquierdo,!A.!(2017).!Steep!effort!discounting!of!a!preferred!reward!over!a!freely@

available!option!in!prolonged!methamphetamine!withdrawal!in!male!rats.!

Psychopharmacology,,234(18),!2697@2705.!

Thompson,!P.!M.,!Hayashi,!K.!M.,!Simon,!S.!L.,!Geaga,!J.!A.,!Hong,!M.!S.,!Sui,!Y.,!...!&!London,!

E.!D.!(2004).!Structural!abnormalities!in!the!brains!of!human!subjects!who!use!

methamphetamine.!Journal,of,Neuroscience,!24(26),!6028@6036.!

Tiffany,!S.!T.,!Friedman,!L.,!Greenfield,!S.!F.,!Hasin,!D.!S.,!&!Jackson,!R.!(2012).!Beyond!drug!

use:!a!systematic!consideration!of!other!outcomes!in!evaluations!of!treatments!for!

substance!use!disorders.!Addiction,!107(4),!709@718.!

Tobias,!M.!C.,!O’Neill,!J.,!Hudkins,!M.,!Bartzokis,!G.,!Dean,!A.!C.,!&!London,!E.!D.!(2010).!

White@matter!abnormalities!in!brain!during!early!abstinence!from!methamphetamine!

abuse.!Psychopharmacology,!209(1),!13@24.!

Turner,!T.!H.,!LaRowe,!S.,!Horner,!M.!D.,!Herron,!J.,!&!Malcolm,!R.!(2009).!Measures!of!

cognitive!functioning!as!predictors!of!treatment!outcome!for!cocaine!

dependence.!Journal,of,Substance,Abuse,Treatment,!37(4),!328@334.!

Treadway,!M.!T.,!Buckholtz,!J.!W.,!Schwartzman,!A.!N.,!Lambert,!W.!E.,!&!Zald,!D.!H.!(2009).!

Worth!the!‘EEfRT’?!The!effort!expenditure!for!rewards!task!as!an!objective!measure!of!

motivation!and!anhedonia.!PLoS,ONE,!4(8),!e6598.!

United!Nations!Office!on!Drugs!and!Crime.!(2016).,World,Drug,Report.!New!York:!United!

Nations!publication.!



! 174!

Van!der!Plas,!E.!A.,!Crone,!E.!A.,!van!den!Wildenberg,!W.!P.,!Tranel,!D.,!&!Bechara,!A.!(2009).!

Executive!control!deficits!in!substance@dependent!individuals:!A!comparison!of!

alcohol,!cocaine,!and!methamphetamine!and!of!men!and!women.!Journal,of,Clinical,

and,Experimental,Neuropsychology,!31(6),!706@719.!

Van!Wyk,!C.,!&!Stuart,!A.!D.!(2012).!A!comparative!study!of!the!effects!of!methamphetamine!

on!memory!in!existing!and!recovering!addicts!from!a!South!African!population.!Health,

SA,Gesondheid,(Online),!17(1).!doi:10.4102/hsag.v17i1.607!

Vearrier,!D.,!Greenberg,!M.!I.,!Miller,!S.!N.,!Okaneku,!J.!T.,!&!Haggerty,!D.!A.!(2012).!

Methamphetamine:!history,!pathophysiology,!adverse!health!effects,!current!trends,!

and!hazards!associated!with!the!clandestine!manufacture!of!

methamphetamine.!DiseaseKaKMonth,!58(2),!38@89.!

Verdejo@Garcia,!A.!(2016).!Cognitive!training!for!substance!use!disorders:!Neuroscientific!

mechanisms.!Neuroscience,&,Biobehavioral,Reviews,!68,!270@81.!

Verdejo@Garcia,!A.,!Albein@Urios,!N.,!Martinez@Gonzalez,!J.!M.,!Civit,!E.,!De!la!Torre,!R.,!&!

Lozano,!O.!(2014).!Decision@making!impairment!predicts!3@month!hair@indexed!

cocaine!relapse.!Psychopharmacology,!231(21),!4179@4187.!

Verdejo@Garcia,!A.,!Bechara,!A.,!Recknor,!E.!C.,!&!Perez@Garcia,!M.!(2007).!Negative!emotion@

driven!impulsivity!predicts!substance!dependence!problems.!Drug,and,Alcohol,

Dependence,,91(2@3),,213@219.!

Verdejo@Garcia,!A.,!Lawrence,!A.!J.,!&!Clark,!L.!(2008).!Impulsivity!as!a!vulnerability!marker!

for!substance@use!disorders:!Review!of!findings!from!high@risk!research,!problem!

gamblers!and!genetic!association!studies.!Neuroscience,and,Biobehavioral,Reviews,,

32(4),,777@810.!



! 175!

Volkow,!N.!D.,!Wang,!G.@J.,!Fowler,!J.!S.,!Tomasi,!D.,!Telang,!F.,!&!Baler,!R.!(2010).!Addiction:!

Decreased!reward!sensitivity!and!increased!expectation!sensitivity!conspire!to!

overwhelm!the!brain’s!control!circuit.!Bioessays,,32(9),!748@755.!

Vorhees,!C.!V.,!Skelton,!M.!R.,!Grace,!C.!E.,!Schaefer,!T.!L.,!Graham,!D.!L.,!Braun,!A.!A.,!&!

Williams,!M.!T.!(2009).!Effects!of!methamphetamine!on!path!integration!and!spatial!

learning,!but!not!locomotor!activity!or!acoustic!startle,!align!with!the!stress!

hyporesponsive!period!in!rats.!International,Journal,of,Developmental,

Neuroscience,!27(3),!289@298.!

Wang,!G.,!Shi,!J.,!Chen,!N.,!Xu,!L.,!Li,!J.,!Li,!P.,!...!&!Lu,!L.!(2013).!Effects!of!length!of!

abstinence!on!decision@making!and!craving!in!methamphetamine!abusers.!PLoS,ONE,,

8(7),!e68791.!

Wang,!Y.,!Chou,!J.,!Jeng,!C.!H.,!Morales,!M.,!&!Wang,!J.!Y.!(2000).!Chronic!methamphetamine!

exposure!decreases!high!affinity!uptake!function!in!norepinephrine!afferents!in!the!

cerebellar!cortex:!an!electrophysiological!and!electrochemical!

study.!Neuropharmacology,!39(11),!2112@2123.!

Washio,!Y.,!Higgins,!S.!T.,!Heil,!S.!H.,!McKerchar,!T.!L.,!Badger,!G.!J.,!Skelly,!J.!M.,!&!Dantona,!

R.!L.!(2011).!Delay!discounting!is!associated!with!treatment!response!among!cocaine@

dependent!outpatients.!Experimental,and,Clinical,Psychopharmacology,!19(3),!243@248.!

Weber,!E.,!Blackstone,!K.,!Iudicello,!J.!E.,!Morgan,!E.!E.,!Grant,!I.,!Moore,!D.!J.,!...!&!

Translational!Methamphetamine!AIDS!Research!Center!(TMARC)!Group.!(2012).!

Neurocognitive!deficits!are!associated!with!unemployment!in!chronic!

methamphetamine!users.!Drug,and,Alcohol,Dependence,!125(1),!146@153.!

Wechsler,!D.!(2008).!Wechsler,Adult,Intelligence,ScaleKFourth,Edition,(WAISKIV).,San!

Antonio,!TX:!Pearson.!



! 176!

Wechsler!D.,!&!Hsiao@pin!C.!(2011).!WASIKII:,Wechsler,abbreviated,scale,of,intelligence.!San!

Antonio,!TX;!Pearson.!

Whetton,!S.,!Shanahan,!M.,!Cartwright,!K.,!Duraisingam,!V.,!Ferrante,!A.,!Gray,!D.,!...!&!

Roche,!A.!(2016).!The,Social,Costs,of,Methamphetamine,in,Australia,2013/14.!Perth:!

National!Drug!Research!Institute.!

World!Health!Organization.!(1998).!Development!of!the!World!Health!Organization!

WHOQOL@BREF!quality!of!life!assessment.!Psychological,Medicine,!28(3),!551–558.!

Willcutt,!E.!G.,!Doyle,!A.!E.,!Nigg,!J.!T.,!Faraone,!S.!V.,!&!Pennington,!B.!F.!(2005).!Validity!of!

the!executive!function!theory!of!attention@deficit/hyperactivity!disorder:!a!meta@

analytic!review.!Biological,Psychiatry,!57(11),!1336@1346.!

Winhusen,!T.,!Lewis,!D.,!Adinoff,!B.,!Brigham,!G.,!Kropp,!F.,!Donovan,!D.!M.,!...!&!Somoza,!E.!

(2013).!Impulsivity!is!associated!with!treatment!non@completion!in!cocaine@!and!

methamphetamine@dependent!patients!but!differs!in!nature!as!a!function!of!

stimulant@dependence!diagnosis.!Journal,of,Substance,Abuse,Treatment,,44(5),,541@547.!

Wittmann,!M.,!Leland,!D.!S.,!Churan,!J.,!&!Paulus,!M.!P.!(2007).!Impaired!time!perception!

and!motor!timing!in!stimulant@dependent!subjects.!Drug,and,Alcohol,

Dependence,!90(2),!183@192.!

Woods,!S.!P.,!Rippeth,!J.!D.,!Conover,!E.,!Gongvatana,!A.,!Gonzalez,!R.,!Carey,!C.!L.,!...!&!

Grant,!I.!(2005).!Deficient!strategic!control!of!verbal!encoding!and!retrieval!in!

individuals!with!methamphetamine!dependence.!Neuropsychology,!19(1),!35@43.!

Ye,!T.,!Pozos,!H.,!Phillips,!T.!J.,!&!Izquierdo,!A.!(2014).!Long@term!effects!of!exposure!to!

methamphetamine!in!adolescent!rats.!Drug,and,Alcohol,Dependence,!138,!17@23.!

Zhong,!N.,!Jiang,!H.,!Du,!J.,!Zhao,!Y.,!Sun,!H.,!Xu,!D.,!...!&!Zhao,!M.!(2016).!The!cognitive!

impairments!and!psychological!wellbeing!of!methamphetamine!dependent!patients!



! 177!

compared!with!health!controls.!Progress,in,NeuroKPsychopharmacology,and,Biological,

Psychiatry,!69,!31@37.!

Zhou,!X.,!Nonnemaker,!J.,!Sherrill,!B.,!Gilsenan,!A.!W.,!Coste,!F.,!&!West,!R.!(2009).!Attempts!

to!quit!smoking!and!relapse:!factors!associated!with!success!or!failure!from!the!

ATTEMPT!cohort!study.!Addictive,Behaviors,,34(4),!365@373.!

!




