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Abstract

This study attempts to clarify the dimensionalifyropulsivity. Although
research has employed the construct of impulsteigxplain normal and pathological
behaviors, there have been divergent interpretstidhis study is the first in Hong Kong
to investigate the construct and dimensionalityingjulsivity based on self-report
measures and neurocognitive tests. The subjethssistudy were people with a history
of substance abuse and people living with HIV/AID8e Barratt Impulsiveness Scale
(BIS) was used for self-reporting and the Stop 8igimask and Matching Familiar
Figures Test (MFFT) were the neurocognitive teselito assess motor impulsivity and
cognitive impulsivity, respectively. Two subscofe®p signal delay and stop signal
reaction time) from the Stop Signal Task and tlsugescores (the first response time,
total response time, and number of errors) fromMRE&T were obtained for analysis.
The lowa Gambling Task was also examined, revedtiaginiqueness of its underlying
structure. Additionally, the Beck Depression Inwagtll (BDI-I) and Symbol Digit
Modalities Test were administered to investigartrelationships to the measures of
impulsivity. Exploratory factor analysis identifi¢gdree fundamental dimensions of the
data sample: inhibitory control, reflection impuwisy, and emotion-induced impulsivity.
Further analysis suggested that rather than denasingt linkages with the fundamental
dimensions of impulsivity, the first response aoi@ltresponse times of the MFFT were
associated with psychomotor speed. Furthermorentiter and attentional subscales of

the BIS related to the BDI-II.
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Aligning M easures of Impulsivity with Underlying Constructs

Chapter 1: Introduction

Impulsivity is a common feature of human behawWe more or less engage in
some kind of impulsive behavior every day, e.gensling extra money while shopping
or drinking one more cup of coffee. Impulsivityss prevalent in daily life that some
researchers have even suggested that it may rast tmaladaptive in evolutionary history
as most believe. Dickman (1990) illustrated thatalbimpulsive behavior is
dysfunctional. A growing volume of literature ugke concept of impulsivity to explain
normal and pathological behaviors.

Although it is relatively easy to list different@xples of impulsive behavior,
clearly defining the concept is slightly more corogted. As disagreement over the
concept poses problems for scientific researchifgilag the dimensionality of
impulsivity is important. As impulsivity plays agsiificant role in human living, like
problem behavior such as substance abuse and eaj@dex, this study attempts to
examine the dimensionality of impulsivity throudtetuse of two clinical groups: a
substance abuse group and an HIV+ group. Beforengmn to review the literature on
impulsivity, the background of substance abuserMIAIDS is discussed in the next

section.

Substance Abuse

Substance abuse is a serious problem in Hong Kaataftfects many lives. More

distressingly, the number of young people who aloiusgs has been soaring in the past
6
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three years. Rather than traditional drugs likeimeithese young people abuse
psychotropic substances like ketamine, methylangphieie, and ecstasy, with the false
belief that these substances are less harmful anaddictive. On the contrary, the
harmful effects of these drugs are immense, anddhgage is permanent and
irreversible. Apart from health problems, substasizese also adversely influences an
individual’s interpersonal relationships and daittivities. At the societal level, it also
imposes heavy burdens on the criminal justice adoelfare, and health care systems.
Despite different efforts to eliminate recreatiodalg use, substance abuse is still a
major problem in our society. Later in this chaptbe most recent figures on substance
abuse will be presented to illustrate the trendsplefore demonstrating these statistics,

some important terms should be clarified to faatiétfurther discussion.

What are Drugs?

Among drug users themselves, there are many diffesteeet names for specific
drugs, methods of taking them, and effects prodibgettiem. However, those terms are
mostly local, frequently changing, and not univélysaccepted. Therefore, to avoid
ambiguity and misunderstanding of the meaningtehainology proposed by the World
Health Organization will be employed.

According to the World Health Organization (WHO 699, a drug is any
substance that alters the functioning of the badyiod. This generic definition includes
alcohol, tobacco, and caffeine. However, becaussetsubstances each have a different
legal status in Hong Kong, they will be excludeahfrfurther consideration in this

research.
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What is Abuse?

The term “abuse” is usually used interchangeabti taddiction,”

”

“dependence,” “misuse,” or “problem use,” but imsocases, they refer to different
concepts. For example, in the Diagnostic and $SizdldManual of Mental Disorders,
Fourth Edition (DSM-1V), substance abuse and sutcgtalependence belong to two
distinct categories.

What is substance abuse? In DSM-1V, substance abuse focuses on the
maladaptive pattern of substance use, leadingrtcally significant impairment or
distress as manifested by recurrent substancerusewrent substance related legal
problems in spite of health problems or failingperform major role obligations.

What is substance dependence? In DSM-IV, substance dependence stresses the

maladaptive pattern of substance use leadingriecally significant impairment or

distress as manifested by symptoms such as tole@neithdrawal.

Current Trendsin Hong Kong

According to the Central Registry of Drug Abuse adstered by the Narcotics
Division, Security Bureau of the Hong Kong Speéidministrative Region (2009), the
total number of drug abusers reported was 13,520@7, and the number further
increased to 14,175 in 2008. The annual increases 26% and 4.3% for 2007 and
2008, respectively.

The number of people under 21 years of age whatausing drugs has been
increasing recently, with 3,430 in 2008. Thus,nbenber has increased by 51% in 3

years. Meanwhile, the total number of people wittulastance abuse problem rose only
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by 0.4% during this same period. The populatiogaafing abusers is larger than that of
older abusers, with the proportion of those agetbu1 against the total rising from
14.0% in 2003 to 24.2% in 2008. In particular, bt number and proportion of those
aged 12-17 have increased steadily in recent yeais 2006 to 2009, abusers under the
age of 30 constituted above 80% of the total nurobeewly reported abusers.
Furthermore, individuals who have previously beenvicted of criminal offenses
consistently constitute more than 73% of all repdbitases of substance abuse.

Opiates (mainly heroin) have long been the domirtaaditional illicit drugs in
Hong Kong, but their popularity is steadily deciegsBetween 1999 and 2008, the
number of reported abusers taking opiates decrdem@adl 3,060 to 7,260, or a drop of
44%. On the contrary, there was a steady increageinumber of reported abusers
taking psychotropic substances over the same pdrid 3,549 to 8,306, or an increase
of 134%. In 2008, the reported number of abuséiadggpsychotropic substances was
1,046 (or 7.4%) more than those taking opiatesr@tas a general rising trend in the
number of reported psychotropic substance abuseasnnole between 1999 and 2008,
except for 2002 and 2003. The number of reportgdhmropic substance abusers rose to
a record high of 8,306 in 2008.

Among the psychotropic substances, ketamine, taaznidazolam/zopiclone,
methylamphetamine (commonly known as ice), ecs&sy,cannabis have been more
commonly abused in recent years. Before 2000, tasmapped the list of commonly
abused psychotropic substances. However, in 2@8@asy overtook cannabis to become
the most commonly abused psychotropic substanbewfd by ketamine. Starting from

2001, ketamine overtook ecstasy to top the ligaZzblam/midazolam/zopiclone became

9
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increasingly popular starting from 2002 and ha&edrsecond since 2003. In 2008,
methylamphetamine overtook triazolam/midazolam/@dopie to rank second for the first
time in history. Triazolam/midazolam/zopiclone aws$tasy ranked third and fourth,
respectively, on the list in 2008.

Abusing more than one type of drug at once hastisome a common
phenomenon among drug abusers. A multiple drugesbsislefined as a person who is
reported to have taken more than one type of druggiven year, irrespective of whether
the drugs were taken concurrently on one occaSioa.proportion of reported multiple
drug abusers has been increasing over the yeaching 31.9% in 2006, but falling to
22.8% in 2008. The majority abused two types ofjdrat the same time.

About half of the reported drug abusers were uneysal. The proportion
increased from 47.8% in 2001 to 58.1% in 2004, thexiined to 45.9% in 2008. Among
the reported drug abusers, the proportion of repastudent drug abusers has picked up
again in recent years. The proportion rose frorfra2ird 1999 to 5.1% in 2001, and then

dropped to 3.5% in 2004, followed by a steady iaseeto 6.6% in 2008.

What are Ketamine and Ecstasy?

As shown in Figure 2, there is an increasing trefnabusing psychotropic
substances, such as ketamine and ecstasy. Thes®pepic substances are generally
associated with the rave culture in Hong Kong. Ygsiers take these club drugs to
enhance the enjoyment of music and dancing. Ke&aimian arylcyclohexylamine by its
chemical nature. It is a dissociative anesthetit finoduces unresponsiveness to external
stimuli by dissociating various components of thadnThe pharmacological action of

ketamine is mainly performed by its non-competiteckade of the N-methyl-D-
10
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aspartate (NMDA) receptor in the brain. Users elepee amnesia, marked analgesia,
and a trance-like state dissociated from the enwient, resulting in an out-of-body or
near-death experience. It is because of this irdlfexding of dissociation that this drug
is popular in the party and club scene.

Ecstasy (3,4-methylenedioxymethamphetamine; MDM#Agnother popular illicit
drug that possesses both stimulant and mild halbggnic properties. Users experience a
sudden, amphetamine-like rush with a feeling ofhewia and relatedness to the rest of
the world. The psychomotor agitation induced caplbasurably relieved by dancing,

making it the ideal party drug.

What is Human mmunodeficiency Virus (HIV)?

Human immunodeficiency virus (HIV) is a lentivir( member of the retrovirus
family) that causes acquired immunodeficiency sgnur (AIDS) (Weiss, 1993)—a
condition in humans in which the immune system e ¢p fail, leading to life-
threatening opportunistic infections. HIV is tranted by the transfer of blood, semen,
vaginal fluid, pre-ejaculate or breast milk. Withivese bodily fluids, HIV is present as
both free virus particles and a virus within inEtimmune cells. The four major routes
of transmission are unsafe sex, contaminated ngedalleast milk, and transmission from
an infected mother to her baby at birth (perinasismission). The screening of blood
products for HIV has largely eliminated transmissibrough blood transfusions or
infected blood products in the developed world.

The World Health Organization (WHO) considers HiWeiction in humans a

pandemic. From its discovery in 1981 to 2006, AlKdIfd more than 25 million people,

11
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and HIV infected about 0.6% of the world’s popudat{Joint United Nations Programme
on HIV/AIDS, 2006).

HIV primarily infects vital cells in the human imme system, such as helper T
cells (specifically CDAT cells), macrophages, and dendritic cells (Cugimam,
Donaghy, Harman, Kim, & Turville). Moreover, HIVfection leads to low levels of
CD4" T cells through three main mechanisms: first,dinect viral killing of infected
cells; second, increased rates of apoptosis ictedecells; and third, the killing of
infected CD4 T cells by CD8 cytotoxic lymphocytes that recogniafected cells. When
CD4" T cell numbers decline below a critical level legkdiated immunity is lost, and

the body becomes progressively more susceptil@portunistic infections.

Prevalence of HIV in Hong Kong

The first case of HIV infection in Hong Kong wapoeted in 1984 (Lee, Lee ,&
Wong, 2006). Under the voluntary HIV/AIDS reportiagstem, Department of Health
had received a total of 4,730 reports of HIV infectat the end of 2010. All except
perinatally transmitted or transfusion related sasere adults. It is estimated that in
2005, there were 3,240 people living with HIV irtiea in Hong Kong, giving an overall
prevalence in the adult population of less tha®®.The number of AIDS reports has
been maintained at a stable level of about 60 cas®@sally since the availability of
HAART in the mid-1990s. At present, PCP and tublesis are the most common
primary AIDS-defining illnesses in Hong Kong. Théepidemic in Hong Kong can be
roughly divided into three phases, according toréte of growth in the number of

reports and predominant risk for transmission.

12
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Implications

An increasing number of studies have found an @s$oic between impulsivity
and addictive behaviors, such as binge eating ambling. Regardless of the
directionality of the relationship (whether impwisy causes or is caused by drug abuse),
impulsivity plays an important role in differentges of drug abuse, namely, acquisition,
escalation/dysregulation, abstinence, treatmeutyaapse. An impulsive person may
find it harder to resist peer influences (De WiR&hards, 2004), or prefer the
immediate euphoric effects despite the harmful eqnences (De Wit & Richards, 2004;
Madden, Petry, Badger, & Bickel, 1997). Studie® @isovide consistent evidence that
impulsivity relates to escalation/dysregulationstfasearch demonstrated that
impulsivity predicts elevated alcohol intake (P@jlbe, & Parker, 1995) and a greater
escalation of cocaine intake (Perry, Nelson, & Gl§r2008).

More importantly, impulsivity, just like other comjine impairments, may
adversely influence the effectiveness of treatmehnabilitation programs. Past literature
demonstrated that cognitive impairment resultsighér drop-out rates in interventions,
less efficacious therapy, and a greater propetwitglapse as well as risks of
unemployment (Turner, LaRowe, Horner, Herron, & étéin, 2009).
Treatment/rehabilitation programs involve learnimyv coping and situation avoidance
skills to prevent relapse. Individuals must attemccomprehend, and recall the
information presented in therapy sessions. Furtbegnthey must learn how to adapt and
apply general techniques to situations in their éives. Another critical component is
learning to challenge automatic thoughts and sigsdoehaviors associated with triggers
and biopsychosocial cues to use. Since the cootetery patient’s use pattern is

13
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unique, creative problem-solving strategies muddeeloped, often through trial and
error, to create a new lifestyle that is incomgatibith continued use. Thus, cognitive
declines could hamper drug abusers’ ability to efrem treatment and place them at
greater risk of a poor outcome.

As treatment/rehabilitation programs also requighiiduals to attend all sessions
to learn the skills and to adopt what they leartheir lives, people with higher levels of
impulsivity may benefit less from those progranmsadidition to consistent evidence that
impulsivity scores relate to drug abuse, studie®ltemonstrated that treatment dropout
rates significantly correlate with impulsivity (Miber et al., 2001; Patkar et al., 2004),
further suggesting that impulsive behavior miglsbabe a factor involved in relapse (De
Wit & Richards, 2004). The increases in impulsivagused by the chronic administration
of drugs of abuse may continue despite drug cesgatsulting not only in shorter
abstinence, but also in the reduced likelihoodedtment success. Withdrawal from
some drugs of abuse, like MDMA, increases impulgiwvi some inhibition tasks (Dalley
et al., 2006), which may increase the likelihoodreatment dropout and subsequent
relapse. Therefore, it is expected that the likedih of acquisition/escalation/relapse can
be reduced due to a better understanding of taioelbetween impulsivity and drug

abuse.

14
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Chapter 2: Cognitive Profile and Role of Impulsivity in the Two Clinical

Populations

Common Cognitive mpairments Found in Drug Abusers

Deficits in multiple domains of cognitive functidrave been widely reported in
substance abusing individuals. Studies have resde¢ads substance abuse is associated
with deficits in memory, the processing speed @oexive functioning, abstract
reasoning, visuospatial processing, and the speeasiray fine motor skills (Bates,
Labouvie, & Voelbel, 2002; Bolla, Brown, Eldrethaf€, & Cadet, 2002; Bolla,
Funderburk, & Cadet, 2000; Fals-Stewart & Bate®3R®Rosenberg, Grigsby, Dreisbach,
Busenbark, & Grigsby, 2001; Solowij et al., 200P)e expressions of deficits can be
influenced by many factors such as the type oftanloe used as well as the duration,
guantity, and recency of use. For instance, durdtas been noted to be a significant
predictor of memory and attention deficits for calis users (Solowij et al., 2002).
Cocaine abuse and dependence have been notedlteer® wide range of
neuropsychological and cognitive deficits (Bollaakt 2002; O’Malley, Adamse, Heaton,
& Gawin, 1992; Smelson, Roy, Santana, & Engeli&£99). Likewise, broad patterns of
neurocognitive impairment have been reported irharaphetamine dependence and
abuse (Kalechstein, Newton, & Green, 2003; Sima.e2000), solvent inhalant abuse
(Rosenberg et al., 2001), and ecstasy (MDMA) alfGseizoulis-Mayfrank et al., 2000;

Morgan, McFie, Fleetwood, & Robinson, 2002).

The Role of Impulsivity in Substance Abuse

15
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One area of growing interest in psychology is stsdin impulsivity. In
psychology, impulsivity refers to the behavior tisagxhibited with little or inadequate
forethought (Evenden, 1999). It relates to actitias may be criminal and/or harmful to
others as well as to the self. In neuropsychology@gnitive neuroscience, impulsivity
can be classified as behavioral impulsivity, whiefers to the idea that top-down control
mechanisms ordinarily suppress automatic or rewlaren responses that are not
appropriate to the current demands (Aron, 2007).

The relevance of impulsivity is not difficult tostiern in different key transition
phases of substance abuse, such as the acqudditiong self-administration,
escalation/dysregulation, abstinence, relapsetraatinent. In the acquisition phase, an
increased level of impulsivity could lead to subsgabuse. Whether an individual tries
and experiments with different recreational drugg takes them regularly is related to
impulsivity. Impulsive individuals may make the iaipive choice to initiate drug use
because they value the immediate euphoric effédasloug over larger future benefits
(De Wit & Richards, 2004; Madden et al., 1997).tRarmore, an impulsive individual
may find it harder to resist environmental cuesl #@iis inability to resist temptation
makes them more vulnerable to substance abuse (D& Richards, 2004). Once they
become dependent, impulsive individuals may pensidtug-taking, despite the harmful
effects on their health. All these behaviors caex@ained by deficient inhibitory
control over a response that is inappropriate ablento provide immediate

reinforcement.

The Complexity of | mpulsivity

16
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Impulsivity leads to substance abuse. Studies have demonstrated that impulsive
choice predicts elevated alcohol intake (Poulos 8LParker, 1995), faster acquisition of
cocaine self-administration (Perry, Larson, GernMadden, & Carroll, 2005), and
greater drug- (Perry, Nelson, & Carroll, 2008) and-induced (Diergaarde et al., 2008)
reinstatement of drug-seeking behavior. Impairdibition also predicts elevated
cocaine self-administration (Dalley et al., 200¥yher levels of response during the
acquisition of nicotine self-administration (Dieegde et al., 2008) and reinstatement of
cocaine-seeking behavior (Deroche-Gamonet, BeliRja&za, 2004). In addition,
impulsive choice in humans predicts a greaterilikeld of relapse (Krishnan-Sarin et al.,
2007; Yoon et al., 2007).

Substance abuse increases thelevel of impulsivity. Some studies have
demonstrated how substance abuse leads to impulgtar instance, they have shown
that chronic dosing of nicotine (Dallery & Locey)(5), cocaine (Logue et al., 1992;
Paine, Dringenberg, & Olmstead, 2003), and methat@phine (Richards, Sabol, & de
Wit, 1999) produce increases in impulsive choi@ thay contribute to escalated intake.
The increases in impulsivity caused by the chradiministration of drugs of abuse may
continue despite drug cessation, resulting in shaibstinence, faster relapse, and
reduced likelihood of treatment success. For exangath in humans and rodents,
nicotine (Bickel, Odum, & Madden, 1999; Dallery &¢tey, 2005) and cocaine (Heil,
Johnson, Higgins, & Bickel, 2006; Kirby & Petry,@0) Simon, Mendez, & Setlow,
2007) exposure produced reversible increases inlgiye choice that persisted even

after drug use was discontinued. Less is known taheurelationship between inhibitory

17
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failure and withdrawal, but withdrawal from someigs of abuse (i.e., MDMA)

increased impulsivity on the 5CSRT task (DallerRé&iff, 2007).

The Role of Impulsivity in HIV

To clarify the construct of impulsivity, anotherrgtal group will be examined in
this study. Data from those with HIV will be usedinvestigate the dimensionality of
impulsivity. There are many similarities between/Hlindividuals and substance abusers
in terms of how they value immediate rewards owagtterm gains. The following

sections will discuss the generic cognitive prodite the role of impulsivity in HIV.

Common Cognitive Profile Found in HIV+ Individuals

HIV and the central nervous system. HIV crosses the blood-brain barrier and
often leads to neuropathological and neurochenaitahges that affect the brain (Avison
et al., 2004; Gonzalez-Scarano & Martin-Garcia,306rontostriatal pathology is
especially prominent in HIV, resulting in neurobeioaal symptoms marked by mild to
moderate bradyphrenia, bradykinesia, executiveuthgsion, and deficits in episodic
memory (Chang et al., 2004; Grant et al., 1987%eRecthas reported that
approximately 55% of all AIDS patients and 44% lbEgmptomatic patients show some
degree of cognitive impairment (Heaton et al., 208&hough the administration of
HAART has been shown to improve neuropsycholodigattion, it has been reported
that nearly one third of patients still exhibiteglinopsychological impairment (Tozzi et
al., 2004).

HI1V-associated neur ocognitive impair ment in Hong Kong. While rather
extensive investigations of the neurobehavioraa of HIV have already been carried

18
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out in the West, very few systematic studies haanlreported in China. However, there
has been some initial effort to explore the pravedeof HIV-associated neurocognitive
impairment in the Asia Pacific region, includingifpKong. The Asia Pacific
NeuroAIDS Consortium (APNAC) investigated the plenae of neurocognitive
impairment and depression in ten countries, indgdiong Kong and Mainland China
(Wright et al., 2008). The results of the studyrfdan alarming prevalence of both
depression and neurocognitive impairment in HIV#gras in Hong Kong. It was found
that the vast majority (92%) of Hong Kong Chineaignts suffered from significant
depression, while the mean for the whole sampleomfs36%. In addition, 23% of
Hong Kong Chinese patients were defined as neuroivegly impaired, while the mean
prevalence of the whole sample was only 12%. Tindirigs of the present research
suggested a high prevalence of HIV-associated gegrotive impairment and
depression among our HIV+ patients.

HIV-associated neur ocognitive deficits and daily functioning. Both AIDS-
related neurocognitive impairment and depressime bhaen found to be associated with
increased risk of limitations in everyday functiog medical morbidity, and reduced
quality of life (Heaton et al., 2004; Trepaniemét 2005). Heaton and colleagues found
that many HIV+ persons with neurocognitive defigteounter difficulties in managing
activities of daily living independently (Heatonadt, 2004). It is also well-documented
that HIV-related cognitive impairment can lead &ziements in medication management
(Albert et al., 1999), vocational functioning (v&orp, Baerwald, Ferrando, McElhiney,
& Rabkin, 1999), and automobile driving (Marcotteak, 1999). More recent literature

has started to explore specific neuropsychologicatesses that affect daily living. For
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instance, episodic memory (or the memory of evaatainong the strongest
neuropsychological predictors of activities of gldiving (Benedict, Mezhir, Walsh, &
Hewitt, 2000). On the other hand, prospective mgneconcerned with the individual's
ability to execute a future intention (i.e., remambg to remember) (Woods et al.,
2008). Impairment in this respect would lead tdiclifity in medication adherence in
HIV+ patients. Research has highlighted that desfici executive functioning led to
impairment in judgment as well. Such executive dgsfion would result in a person’s
poor assessment of the relationship between Higrocurrent behavior and future
consequences (Bechara, 2003). Such deficits canlmate to an engagement in high-
risk behaviors such as unprotected sex, multipteaepartners, and other behaviors that
increase the likelihood of contracting and transnmatHIV or other infectious diseases

(Gonzalez et al., 2005).

HIV+ Status and I mpulsivity

HIV+ individuals and substance abusers overlagatlife behaviors in which
they opt for choices that result in immediate reh@espite the potential negative
consequences. Over the past decade, infectionHiitthas been found to be associated
with risky behaviors such as unprotected sex anthgscuity (Holmberg, 1996). It has
been suggested that these risky behaviors mayuyeaon of certain decision-making
styles such as sensation seeking and impulsiveehdherefore, decision-making style
is an important area of study in those with HIV.

Past studies have demonstrated the associationsdretin HIV+ status and
impulsivity. In asix-month follow-up assessment with a South Afrisample at high-

risk for HIV transmission, the results revealed gensation seeking significantly
20



MEASURES OF IMPULSIVITY AND UNDERLYING CONSTRUCTS

predicts HIV risk behavior, as indexed by ratesmbrotected intercourse weighted by
numbers of sex partners (Kalichman, Weinhardt, b#eo Austin, & Luke, 2002).

The relevance of impulsivity in HIV+ patients wdsainvestigated by using
laboratory measures. A study has demonstratedrtpelsive decision-making pattern of
people with HIV and control participants. The HIgtoup performed worse on the
gambling task, indicating greater risky decisionking. Specifically, the HIV+ group
selected more cards from the bad decks that indluelatively large payoffs but
infrequent large penalties (Hardy, Hinkin, Castellbevine, & Lam, 2006). These
findings are consistent with the hypothesis thadursivity relates to an HIV+ status.

In another study, Martin et al. (Martin et al., 2)@dministered the lowa
Gambling Task to HIV+ and well-matched HIV— grouphecorrelations between the
subjects’ scores on the lowa Gambling Task andy@dl&onmatch to Sample (DNMS)
Task were examined to test if working memory dé&fieiccounted for cognitive
impulsivity among the HIV+ subjects. The resultewhd that the HIV+ subjects
performed significantly more poorly on the lowa Gadimg Task compared to the HIV—
subjects, but the effect could not be explaineevbgking memory deficitsThe findings
suggested that those who are HIV+ are more vulteetalzognitive impulsivity than

those who are HIV-.

The Neurochemistry of I mpulsivity

Psychopathological studies have shown the involvemeserotonin and
dopamine in impulsivity (Winstanley, Theobald, 23l & Robbins, 2005). Low
concentrations of cerebrospinal fluid 5-hydroxyiledetic acid (CSF 5-HIAA; the

major metabolite of serotonin) have been foundnpulsive offenders (Linnoila et al.,
21



MEASURES OF IMPULSIVITY AND UNDERLYING CONSTRUCTS

1983) as well as in depressive and suicidal indiaisl (Asberg, 1976; Asberg, Traskman,
& Thoren, 1976). Moreover, patients with clustep&sonality disorders, in which
impulsivity is a core feature, presented lower GaHIAA concentrations than those
with personality disorders that do not suffer frompulsive behavior (Brown et al.,
1982). Patients with borderline personality disosieowed traits of impulsivity similar
to those presented by ventromedial prefrontal pttizhen performing a decision-
making task (Rahman, Sahakian, Cardinal, RogeRoBbins, 2001), suggesting a link
between brain lesion and characterologic featlssg positron emission tomography
(PET), Siever, Buchsbaum, New, Spiegel-Cohen, Wazlett, Sevin, Nunn, and
Mitropoulou (1999) found that impulsive-aggresspatients showed significantly
blunted metabolic responses to a serotonergic emagent (d,I-fenfluramine) in the
ventromedial area of the prefrontal cortices. Tisukjects with different diagnoses that
displayed impulsivity were commonly characterizgdobor levels of serotonin

metabolization.

Impulsivity asa M ultidimensional Construct

An expanding volume of research suggests that isnptyl is a multi-faceted
rather than a unitary construct (Arce & Santistel2@06; Winstanley, Eagle, & Robbins,
2006). It encompasses a range of actions thatcamdypconceived, prematurely
expressed, unduly risky, or inappropriate to tieasion and that often result in
undesirable consequences (Daruna & Barnes, 1988)ieS have attempted to
fractionate the construct in order to investigae underpinnings of different aspects of
impulsive behavior. A variety of measurement methibdit have been used for this

purpose can be classified into two broad categose&reported measures, which assess
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a respondent’s perception of his or her own betadoross different situations, and
laboratory behavioral measures, which provide ina#gt objective measures of specific
behavioral processes.

There has been a considerable volume of literadlemtifying factors of
impulsivity with the use of self-reported measuidse common themes identified
include decreased inhibitory control, intoleran€eaay for rewards, quick decision-
making due to a lack of consideration, as wellraater deficits such as poor attentional
ability (Winstanley et al., 2006). On the other tatinere has been less research on
fractionating impulsivity with behavioral measuf@&eynolds, Penfold, & Patak, 2008).
Basically, there are two predominant paradigm$enfield: motor impulsivity and
cognitive impulsivity. Motor impulsivity refers tthe inability to inhibit a response,
whereas cognitive impulsivity highlights the digeat judgment of alternative outcomes.
Studies using behavioral measures, to date, hawrdynteeen based on these two
paradigms (Reynolds, Ortengren, Richards, & de 2006; Moeller et al., 2001).

The interrelations among the different componehimpulsivity have remained
poorly understood. The few available studies ineltlte one by Pietras, Cherek, Lane,
Tcheremissine, and Steinberg (2003) on healthyt adbjects and that of Sonuga-Barke
(2002) on children with ADHD, both of which suggésat impairments in motor
impulsivity are not related to impairments in cdg@ impulsivity.

Taken together, it seems appropriate to delinéetelimensions of impulsivity to

understand how different types of impulsivity irdhce behavior.

Motor Impulsivity
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Motor impulsivity has been operationalized in terwhshe ability to inhibit a
planned or prepotent course of action (Logan, Swra& Tannock, 1997). Specifically,
within the framework of cognitive psychology and aeioral neuroscience, it is
suggested that an active inhibitory mechanismvslued in modulating an internally or
externally driven, pre-potent desire for primarinfercers. This inhibitory mechanism
provides the substrate by which rapid conditioresponses and reflexes are transiently
suppressed so that slower cognitive mechanismguide behavior (Winstanley et al.,
2006).

This view shares the central aspect of Barkley@®7) hybrid model of executive
functions, which suggests that behavioral inhibiti® critical to the performance of
executive functions. According to Barkley, the titory control process provides a
delay in the decision to respond, allowing timeftother directed or executive actions
that help guide, regulate, or control motor respsn# a recent review paper,
Verbruggen and Logan (2008) gave supporting evielémat two control mechanisms are
at work in response inhibition, as measured bySttog Signal Task (Logan, Cowan, &
Davis, 1984). The researchers found an interatte@ween a fast control mechanism that
prevents the execution of the motor response aholnger control mechanism that
monitors and adjusts performance in order to restite conflict between the opposing
task demands in the paradigm.

The Stop Signal Task is a dual-task paradigm.quires subjects to respond as
quickly as possible to a stimulus and to withhdld tesponse when a stop signal is
presented after a variable delay. In other wolts paradigm indexes the inhibition of an

already-started response. As there is no overbresgpwhen stopping is successful, the

24



MEASURES OF IMPULSIVITY AND UNDERLYING CONSTRUCTS

efficiency of inhibitory control cannot be directpserved, but it can be examined by
using the horse-race model proposed by Logan diehgaes (Logan et al., 1984).
According to the model, the success or failureesponse inhibition depends on the
relative finishing time of two independent procesgee., the “go” process and the “stop”
process) that race against each other. If the *giopress finishes before the “go”
process does, the response is inhibited, and ifgbieprocess finishes before the “stop”
process does, inhibition fails. The Stop Signald®ea Time (SSRT), which refers to the
latency between the presentation of the stop sigmaithe initiation of the stop process,
provides a measure of behavioral inhibition. A len§SRT suggests poorer response
inhibition. Based on previous studies, SSRTs haenlestimated to be close to 200
milliseconds for human adult subjects (Logan etl&84), but may exceed 400
milliseconds in adults classified as impulsive (Aoget al., 1997).

Most studies using the Stop Signal Task have beeducted with patients with
neurological or psychiatric disorde®&SRT was found to be elevated in children
(Sergeant, Geurts, & Oosterlaan, 2002) and adults ADHD (Ossmann & Mulligan,
2003).Some studies have also suggested that childrenARIthD are impaired in other
aspects of the Stop Signal Task. For example, riege more commission errors, i.e.,
respond wrongly in the go trials, and omission eroe., do not respond at all (Bedard et
al., 2003; Kuntsi, Stevenson, Oosterlaan, & SorBgede, 2001; Tannock, Schachar,
Carr, Chajczyk, & Logan, 1989). A significant reteishiphas also been found between
behavioral impulsivity and aggressive and healtk-behaviors such as suicide,
pathological gambling, and substance use.

Cognitive Impulsivity
25



MEASURES OF IMPULSIVITY AND UNDERLYING CONSTRUCTS

Cognitive impulsivity predominantly refers to refteon-impulsivity, but can also
refer to abnormal decision making on tasks whegesttbject may select between
conservation option and a more risky option (Vesel®prcia, Lawrence, & Clark, 2008).

The reflection-impulsivity construct is conceptaalil as a person’s consistent
tendency to display slow or fast response timggafblem situations with high response
uncertainty (Kagan, 1965). It describes the degyeehich a subject reflects on the
differential validity of alternative solution hygases (Kagan, 1968Jonceptually
different from behaviorahnpulsivity, cognitive impulsivity does not involaepre-potent
response that is primed and then forcibly inhihitad implicates, to a greater degree,
decision-making processes (Winstanley et al., 2006)

The Matching Familiar-Figures Test (MMFT; Kaganp49is a commonly used
instrument to examine reflectivity-impulsivity thiatoperationally defined with reference
to the response latency and accuracy of the resp@hg subjects are required to find
among six very similar alternative figures the tma&t matches the standard figure.
Impulsives show a tendency to jump to a conclusigeroblem situations without
adequate consideration of the available alternstarel, as such, make a fair number of
errors. Reflectives, on the other hand, tend teshtheir time in making a correct initial
choice and, therefore, make fewer errors, althabgi take more time in decision-
making.

Given the above, it seems logical to postulatettiause of a reflective strategy
is related to success on many daily tasks, moshath require planning, deliberation,
and organization. However, research on the assatibétween reflection-impulsivity, as

measured by the MFFT, and academic performancgidlaed mixed findings. Some
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studies have found a negative relationship betwaenlsiveness in the MFFT and
academic measures, such as scholastic achievetestst$\Weithorn, Kagen, & Marcus,
1984) and reading achievement (Cullinan, EpsteiBjlger, 1977). Such relationships
remain after intelligence is controlled for (Miyaka, 2001). In specific tasks, impulsives
are found to consistently perform more poorly theftectives in problem-solving
(Kagan, 1965, 1966). Impulsives use more redunaetictns and make more errors in
solving fault-diagnosis problems (Rouse & Rous&2)9Impulsives also use fewer
strategies and less metamemory during transfeatgins for new learning (Borkowski,
Peck, Reid, & Kurtz, 1983). On the other hand, sother studies have found no
relationship between cognitive impulsivity and amait performance (Harrison &
Romanczyk, 1991).

Cognitive impulsivity may also refer to the distmtjudgment of alternative
outcomes, which results in loss in the long terimsTs commonly measured by the lowa
Gambling Task (Bechara et al., 1994), which sinadaeal-life decision-making
problems. A study by Zermatten et al. (Zermattean der Linden, d'Acremont, Jermann,
& Bechara, 2005) demonstrated that there is a ivegadlation between the lowa
Gambling Task and the impulsivity-related traitatking premeditation, one of the four
facets proposed by Whiteside and Lynam (Whitesidg/@am, 2001). The association
between impulsivity and lowa Gambling Task perfoncgwas in line with another
studyby Franken (Franken, van Strien, Nijs, & Muris, 8Dth which the author
demonstrated that high-impulsives have lower lowa@ling Task net scores as
compared to low-impulsives. In addition, the resuwlt the regression analyses showed

that the lowa Gambling Task net score was the paserful predictor of self-reported
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impulsivity. Poor lowa Gambling Task performance is observaghtrents with damage
to the mesial obitofrontal/ventromedial prefrorgattex, and to the bilateral amygdala
(Bechara, 2003). HIV+ substance-dependent malesealsibited poor decision-making
in this task (Martin et al., 2004).

However, the outcome varies from that of Frankesh Maris’ (2005) previous
studies conducted among healthy populations, ithvtiiey found no correlation
between decision-making, as measured by the lowabliag Task, and impulsivity.
Franken and Muris pointed out that the reasonHerdivergence was the progressive
schedule of increased delayed punishments usée ilmiva Gambling Task (the
punishments increased progressively as the sulgeldsted more cards from the
disadvantageous decks (Bechara, Damasio, & Dan2®0®)), resulting in a somewhat
different task that may not be related to imputgiviFrurther, in these studies, different
guestionnaires were employed to measure impulsivey, the Dickman Impulsivity
Inventory vs. the Eysenck Impulsiveness Scal@$.dbnceivable that different

impulsivity questionnaires tap into different belwasl aspects of impulsivity.

Types of Measuresto Assess | mpulsivity

Self-report measures. There are different types of measures to assess
impulsivity. The self-report questionnaires asshesgeneral dispositional characteristics
of the individual, that is, how the individual wdulypically behave in a given situation,
or the extent to which the subject agrees or dessgwith particular statements. There
are many well-validated, self-report measures @ffigd that assess impulsivity, such as
the Barratt Impulsivity Scale (Patton, 1995), theulsivity-Venturesomeness-Empathy

Scale (Eysenck, Pearson, Easting, & Allsopp, 1985he Sensation Seeking Scale
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(SSS) of the Zuckerman-Kuhlman Personality Questioe (Zuckerman, Kuhiman,
Joireman, Teta, & Kraft, 1993).

Neurocognitive measur es. Apart from self-report measures, impulsivity casoal
be quantified with neurocognitive measures. Gehgerilere are two types of
neurocognitive tests used to measure impulsivatynfeasures of response inhibition
based on the suppression of an automatic respsunse as in the stop task or the go and
not go task, and (b) measures of cognitive impitigiwhich refers to the tendency to
gather and evaluate information before making cemgkecisions, thereby enhancing the
accuracy of the final decision (Evenden, 1999% thicommonly assessed using the
MFFT. Cognitive impulsivity may also contributeabnormal decision-making in tasks
where the subject may select between a conservaiven and a riskier option that
offers a “superficially seductive” gain. The measiused to assess this aspect of
cognitive impulsivity include the lowa Gambling kKa@echara, Damasio, Damasio, &

Anderson, 1994) and the Cambridge Gambling Task¢Roet al., 1999).

Self-Report M easur es vs. Neur ocoghitive M easur es

The self-report measures of impulsivity may havessantial value in assessment,
as they offer a quick and easily administered dmaipsf cognitive concerns, shedding
light on how participants perceive their own coiysitfunctioning in daily life. However,
the validities of these measures are controvelsitle evidence has demonstrated that a
strong relationship exists between self-report messsand actual cognitive performance
(Rourke, Halman, & Bassel, 1999a, 1999b). In feoime studies have found that self-
report measures relate to other non-cognitive béagasuch as depression (Au et al.,

2008; Rourke et al., 1999a, 1999b). In a recemtystdi substance abusing patients,
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Richardson-Vejlgaard et al. (Richardson-Vejlga&rdwes, Heaton, & Bell, 2009) found
that self-report cognitive complaints, as measimgethe Patient’'s Assessment of Own
Functioning Inventory (PAOFI), were related morel&pression than actual cognitive
performance. Given the known effects of depressiothe self-report of cognition and
the many findings on the linkages among depressiavstance abuse, and HIV
(Ostacher, 2007; Rao, 2006; Starace et al., 2802 )alidity of using only self-report

assessments to investigate the levels of impwsofiparticipants is disputable.

Neur ocognitive M easur es and Psychomotor Speed

The performance in many neurocognitive tasks eaaftected by relatively
general processing constraints, such as psychommpead (Salthouse, 1996, 2000). For
example, learning and memory performance wereeelia psychomotor speed (Bryan &
Luszcz, 1996). Controlling for the variance accedrfor by measures of the information
processing speed reduced the observed differengaemory measures between young
and older subjects (Kail & Salthouse, 1994). Redym®cessing speed has frequently
been described in depressive patients, and mayateatdiemory deficits in depression
(Flint, Black, Campbell-Taylor, Gailey, & Levintod993). This study will examine if

psychomotor speed will influence the performancany neurocognitive measures.

Existing Substance Abuse Resear ch in Hong Kong

In this section, some current studies conductddioing Kong will be reviewed.
Basically, the results consistently demonstrateadsociations between cognitive deficits

and substance abuse, which more or less suppofélséern findings. Besides, there is a
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study that examined the impulsivity of Hong Kongledrug users from the perspective
of personality psychology.

In 2005, a study conducted by Narcotics Divisioa¢Bity Bureau, found that
ketamine abusers had more soft neurological sifinsotor coordination than control
subjects did. There was impaired executive funatah difficulty organizing the
performance of tasks primarily in Ketamine abusktsteover, a trend of verbal-memory
impairment was observed in drug abusers. Ketanohglpug abusers less commonly
used semantic clustering and abstract thinkingéir inemory strategy. However, further
studies with larger sample sizes and detailed mgm@ssessments are required before
unequivocal conclusions can be drawn (Narcotic $dovi, HKSAR, 2005).

In 2009, the Hong Kong Polytechnic University ahd University of Hong Kong
jointly conducted research titled, “Brain HealtrdadBmotional Profile for Youth Drug
Users” (Siu, 2009). The study found that 64.9%hef $ubjects had at least one
neuropsychological deficit and 62.2% had depressyomptoms. Many of them had
impairment in concentration (31%), visual memor¥.826), and figural fluency (35%),
which could have a great impact on daily functignamd work ability. Many (62.25)
participants showed symptoms of depression. Thedsslts were presented to each
participant (n = 75), and counselors explored tlents’ perceptions of the test results
and tried to promote their motivation for change.

In another self-report study (Loxton et al., 20@Bg relationship among
personality, club drug use, and high-risk drugteslebehavior was investigated. Three
hundred and sixty club-drug users and 303 non-dsegs in Hong Kong were assessed

on measures of two impulsivity dimensions—rewaiigedand rash impulsivity—as well

31



MEASURES OF IMPULSIVITY AND UNDERLYING CONSTRUCTS

as a related trait of punishment sensitivity. Tésuits showed that club drug users were
more rash-impulsive and reward-driven and lessghument-sensitive than non-drug
users. Rash impulsivity, but not reward-driven onighment sensitivity, was
significantly associated with risky drug-relatedhbeior. The findings suggest that while
those who use club drugs are generally more imgibsnd less punishment-sensitive,
some discrete facets of impulsivity are associatighl differing patterns of drug use
behavior.

Past studies in Hong Kong have illustrated thastrice abuse relates to
cognitive impairment. However, no systematic rese&ias been conducted to
understand the construct of impulsivity. Althougbxton et al. (2008) examined the
association between club drug use and the two diroes of impulsivity, no cognitive
variables were used in the study. The present sittdynpts to explore the multi-

dimensions of impulsivity with cognitive correlates

Heter ogeneity of samples

This study attempt to understand the dimensionafitynpulsivity. In order to
improve the generalizability, data were obtainexifitwo clinical populations. A finding
emerging from the study of heterogeneous populatieould be more robust and thus
more likely to be useful in understanding variotiseo populations than one emerging
from the study of several very similar populatioiisimilar factor structures across two
different clinical populations—people with substarabuse history and patients with

HIV—can be found, it would add to the robustnestheffindings.
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Moreover, statistically, including another clinigadpulation can increase the
sample size and thus the generalizability of thdystLarger samples are better than
smaller samples (all other things being equal) beedarger samples tend to minimize
the probability of errors, maximize the accuracyopulation estimates, and increase the
generalizability of the results. As some statsstiesearch suggested, the optimal sample
size and item numbers for exploratory factor analghould be a ratio of 20:1 (Hair,
Anderson, Tatham, & Black, 1995). Therefore, anottieical population was included

in this study to increase the sample size of thdyst

Aims of the Present Study

The current study aims to investigate the dimeradignof impulsivity in two
clinical populations. This research stands to beoatie existing literature in several
significant ways. First, three laboratory behavionaasures purportedly reflecting two
dimensions of impulsivity—motor impulsivity and aagve impulsivity—are used in the
study. The selected measures, namely, the StoalSigisk and the MFFT, and the lowa
Gambling Task have been studied in separate réseantexts. However, little research
to date has put them together to understand th&tremh of impulsivity. Second, although
some past studies have demonstrated the factatwtewf impulsivity (Stanford et al.,
2009; Yao et al., 2007; Zuckerman, 1971), thosearues were mainly based on self-
report measures. This study attempts to deterrnméimensionality of impulsivity
based on cognitive variables. Third, in additiomtgestigating the relationship between
self-report measures and actual cognitive perfoomathis study attempts to determine

whether the self-report measures relate to a ngnitiee variable, i.e., depression.

33



MEASURES OF IMPULSIVITY AND UNDERLYING CONSTRUCTS

Fourth, this study also seeks to understand tleeafobsychomotor speed, as measured by

the Symbol Digit Modalities Test, in the dimensibityeof impulsivity.

Hypotheses

This is one of the few studies in Hong Kong that dened to clarify the
dimensionality of impulsivity in two clinical popations. In the field of neurocognitive
psychology, the two paradigms of motor impulsiatyd cognitive impulsivity have been
predominantly used to understand the concept ofiishpty. Therefore, this study
hypothesizes that at least two dimensions of inityscan be found. Further, as past
studies demonstrated that self-report measure telather non-cognitive variables
such as depression, this study hypothesizes tipa¢sEon, as measured by Beck
Depression Inventory-(BDI-II; Beck, Steer, & Brown, 1996)yill be loaded on the
same factor as the self-report measures of imptygive., the Barratt Impulsiveness

Scale; Patton, 1995)
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Chapter 3: Study M ethodology

Participants

It is very important to consider how many particifsgaare needed in a study, as
too few participants will not produce a preciséiatde, and definitive finding, while too
many participants is a needless waste of reseasdurces. Factor analysis is employed
to explore the dimensionality of impulsivity. Totdemine the sample size in this study,
the subjects-to-variables ratio of 20:1 proposediby, Anderson, Tatham, and Black
(Hair, Anderson, Tatham, & Black, 1995) was appliedhis study, there are 8 outcome
variables, and therefore, about 160 participantewequired. In the first part of the
study, 185 participants were recruited. Eighty fpagticipants with a history of drug
abuse were recruited, and the remaining 100 casesdvawn from the HIV+
population. The participants with a history of dalguse were recruited from substance
abuse clinics and the United Christian Hospitdilong Kong. In the attempt to recruit a
representative sample, the present study recrsitbgtance abusers using the most
common types of drugs found in existing cases indgd§ong (Narcotic Division,
HKSAR, 2009). These include ketamine, triazoland BMTDMA (ecstasy). The data from
the HIV+ population was secondary data obtainechfamother study conducted by the
Department of Applied Social Sciences, the HongdBolytechnic University (Au,
2008).

To be eligible for the intervention trial, the peipants had to satisfy the
following inclusion criteria: (a) They had to betlween 18 and 40 years of age and (b)

they must be currently receiving treatment or deBavices.

35



MEASURES OF IMPULSIVITY AND UNDERLYING CONSTRUCTS

Participants were excluded from the study on treesbaf the following criteria:
the presence of psychotic disorder, a major depeegpisode, suicidal ideations, or

active drug or alcohol use. Participants’ demogi@apivere demonstrated in Table 1 to 5.

M easures

Neur ocognitive Assessment

Stop Signal Task. The Stop Signal Task (Logan et al., 1984) asseksespeed
of the process of inhibition in an action that Basady been initiated. A square or circle
will appear on the screen, and the participant bellasked to push the corresponding key
as quickly as he or she can. The critical measarthis task is the time taken to stop a
response, from the point at which the stop signatésented. In this test, the participant
must stop pressing the key when he or she hedrsep™ sound (stop signal).

The Stop Signal Task is the most commonly used uneds assess behavioral
impulsivity. The performance in the Stop SignalKkean be conceptualized in terms of a
race in which the stop process and the go proaaepete to see which one finishes first.
If the stop process finishes before the go prodess, the response is inhibited. By
contrast, if the go process finishes before thp ptocess does, the response is executed.
The Stop Signal Task measures both the efficiehcgsponse execution (by means of
reaction times) and the efficiency of inhibitoryn¢ml| (by means of SSRT, where a
longer SSRT reflects the general slowing of inlbyitprocesses and indicates a lower
level of inhibitory efficiency). The Stop Signal Skahas also been adopted for use in

ADHD samples in Hong Kong (McAlonan et al., 2009).
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A study has demonstrated that although cocaines @&t non-users are
comparable in terms of response execution, use significantly more time to inhibit
responses to stop signals than non-users, andageitmde of the inhibitory deficit is
positively correlated with the individual’s lifetencocaine exposure.

Matching Familiar Figures Test. In the MFFT (Kagan, 1964), the participants
are asked to select the one drawing, from six mtsjahat is identical to a standard
drawing (of a familiar object).

This test is the most common instrument for meagucognitive impulsivity,
which refers to the inadequate reflection at treegecisional stage. Normal subjects
consistently take longer to respond and make fewers. Impulsivity is indicated by
rapid, inaccurate decisions.

Typically, the MFFT has been used in children t@asue the construct of
reflection impulsivity (Kagan, 1966). Moreoverhiis been shown that MDMA users
display an elevated behavioral impulsivity in thett(Morgan et al., 2002). The test has
also been adopted for use in Hong Kong’'s ADHD pafoih (Leung et al., 1996; Luk,
Leung, & Yuen, 1991).

lowa Gambling Task. In the lowa Gambling Task (Bechara et al., 1994, t
participants are presented with four virtual deaksards on a computer screen. They are
told that each time they choose a card, they will some game money. Every so often,
however, choosing a card causes them to lose smneynThe goal of the game is to
win as much money as possible. Every card drawinearh the participant a reward.
Occasionally, a card will also have a penalty. Tisosne decks are “bad decks,” and

other decks are “good decks,” because some wdltedosses in the long run and others
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will lead to gains. The decks differ from each otimethe number of trials over which the
losses are distributed.

This test is widely used to assess the cognitiyaulsivity of individuals.
Individuals with a high level of impulsivity may obse the “superficially seductive” gain
instead of other more conservative options. A sfodyd that long-term, heavy
marijuana users made more decisions that led gedéammediate gains, in spite of more
costly losses than controls, exhibiting specififiais in the ability to balance rewards
and punishments that may contribute to continued-tiaking behavior (Whitlow et al.,
2004). In another study, the polysubstance abymsefermed much more poorly on the
task and were more likely to make maladaptive daessin the task that resulted in the
long-term losses exceeding the short-term gainan(;;1999).

Symbol Digit M odalities Test. Symbol Digit Modalities Test (Smith, 2000) was
used as measure of psychomotor speed. Particip@nésrequired to identify nine
different symbols corresponding to the number tugh 9, and to practice writing the
correct number under the corresponding symbol. They manually fill the blank space
under each symbol with the corresponding numbetidjants were given 90 seconds to

complete the test.

Self-Report M easure

TheBarratt Impulsiveness Scale. The Barratt Impulsiveness Scale (Patton,
1995), is one of the most common self-report messsut uses a three-factor model that
includes both motor impulsivity and cognitive imgivity. This scale has 30 items
grouped into 3 subscales of factors: attentiomat{ention and cognitive instability),

motor (motor impulsiveness and lack of perseverararel non-planning (lack of self-
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control and intolerance of cognitive complexityuéto its simplicity and rapid
administration, this instrument has been widelydusestudies of bipolar disorder (Henry
et al., 2001a; Swann, Anderson, Dougherty, & MogR@01; Swann, Dougherty,
Pazzaglia, Pham, & Moeller, 2004; Swann, Pazzaliicholls, Dougherty, & Moeller,
2003), alcohol and substance use (Moeller et @42Moeller et al., 2001; Preuss et al.,
2003), and personality disorders (Henry et al. 120®&oloff, Kelly, Strotmeyer, Malone,
& Mann, 2003), among others. Additionally, thisledaas been translated into many
different languages and adapted to younger saniphesversion used in this study was
translated to Chinese and back-translated to Englis

The Beck Depression I nventory-I1. The BDI-II (Beck, Steer, & Brown, 1996) is
a revision of the original BDI (Beck, Ward, Mendw&ts Mock, & Erbaugh, 1961), which
conforms more closely to the symptom descriptiasted in the DSM-IV (APA, 1994).
The BDI-Il is a 21-item self-report scale that maas the attitudes and symptoms of
depression. The items on the scale ask about hewulhject has been feeling in the last
week, with a set of at least four possible answeiaes of varying intensity from O: | do
not feel sad, to 3: | am so sad or unhappy thahitstand it. Each of the 21 items
corresponds to a symptom of depression and is sdnongive a single total score. A
total score of 0—13 represents minimal symptoms194ndicates mild depression; 20—
28 is moderate; and 29-63 represents severe depréBeck & Steer, 1993). Past
studies have provided strong support for the vadiel of the BDI-II to measure

depressive symptoms in Hong Kong samples (Byrreay&t, & Lee, 2004).

Procedures
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Eligible subjects were invited to participate ie tstudy by informed consent after
going through a full written explanation of the gram by the research assistants. Then,
the cognitive function of each subject was examined research assistant using a
battery of neuropsychological tests. All neuropsyagical tests were run by a laptop
computer with a 15” screen display. The neuropshadical tests were administered in
the following orders: Stop Signal Task, Matchingrier Figures Test, lowa Gambling
Task. No order effect and practice effect wereeatised. This part of the study lasted for

45 minutes.

Among the 85 participants with a history of substaabuse, 61 were recruited in
the second part of the study after finishing therapsychological tests. They were asked
to complete the self-reported measures of impuisithe Beck Depression Inventory-Il,

and the Symbol Digit Modalities Test. The second phthe study lasted for 20 minutes.

Results

Descriptive statistics. Table 6 presents the descriptive statistics foréisalts of
the different measures. These include the restitteedMFFT, Symbol Digit Modality
Test, lowa Gambling Task, the Stop Task, the Balmgiulsiveness Scale, and the Beck

Depression Inventory-Il.

Dimensionality of Impulsivity

Part I: Three Fundamental Factors of I mpulsivity

To further understand the construct of impulsivibe dimensionality of

impulsivity was examined. The technique of factoalgisis was applied to explore the
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underlying structure of the construct. The techaiquiginated a century ago with
Charles Spearman’s attempts to show that a widetyasf mental tests could be
explained by a single underlying intelligence faciithis is a method used to uncover the
latent structure of a set of variables. It reduattisbute space from a larger number of
variables to a smaller number of factors.

A principal component analysis with a varimax (oghnal) rotation of 6
outcome variables of the cognitive measures of Isipity, namely, the Stop Signal
Delay (SSD), the Stop Signal Reaction Time (SSRirst Response Time, Total
Response Time and Total Error of MFFT, and the Nemalb Bad Decks in the lowa
Gambling Task, was conducted on the data. An exatinim of the Kaiser-Meyer Olkin
measure of sampling adequacy suggested that thdesaras factorable (KMO = .54).

The results of the extraction of components weraatestrated in Table 12. Those
factors of which the eigenvalues were larger tharefie retained for further analysis.
Since the first three components had eigenvalugsiahan one, three components were
extracted. This 3-factor solution represented 81o4%e variance in the data.

The results of the orthogonal rotation of the solutvere shown in Table 13.
When loadings less than 0.40 were excluded, thiysiagielded a 3-factor solution with
a simple structure (factor loadings => .40).

Thethreefundamental factors. Three scores loaded on factor one. It is clear
from Table 12 that the three items all relatechgcores of the MFFT, namely, the
number of errors, the first response time, anddted response time. As this factor
related to the level of inadequacy in the refleti the pre-decisional stage, it is labeled

“reflection impulsivity.”
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Two scores loading on the second factor relatetthégparticipants’ performance
in the Stop Task. As this factor related to inhdit of responses, it was labeled
“inhibitory control.”

The other score that loaded on factor 3 relatedédowa Gambling Task. The
lowa Gambling Task simulates a complex and uncereal-life situation, and the
decision made in this task is guided by a moreraatw, implicit system. Therefore, this
factor was labeled “emotion-induced impulsivity.”

The one-factor and two-factor solutions. Although the analysis demonstrated that
a three-factor solution was yielded by referringhte eigenvalues of the components,
other possible solutions were also examined. Tindydurther sought to understand if the
variables could be explained in terms of fewerdextThe one-factor and two-factor
solutions with the six outcome measures were teSioles 4 and 5 below present the
results of the analysis.

When one factor was extracted, only the first tle@@es, namely, the number of
errors, the first response time, and the totalaese time of the MFFT, clearly loaded on
the factor. With regard to the two-factor solutitile number of errors, the first response
time, and the total response time for the MFFT é&zhdn the first factor, while the SSD
and the SSRT of the Stop Signal Task loaded osdgbend factor. The “good decks
minus the bad decks” variable in the lowa Gambliagk could not load on any of the

two components.

Part I1: Exploring the Factor Structure of Impulsivity with Both Neurocognitive

M easures and Self-report M easur es of | mpulsivity
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Having examined the underlying structures of th@m@wmn neurocognitive
measures of impulsivity, this study also attemptednderstand whether the factor
structure would remain unchanged if the self-repggaisures were included in the
analysis. The neurocognitive variables used irptiegious analysis and the subscales
scores of the Barratt Impulsiveness Scale were e

Thefour-factor solution. If the factors of which the eigenvalues were smalle
than one were dropped, a four-factor solution waklgd. Table 12 demonstrates that the
first response time and total response time oMRET loaded on the first component.
The attentional and motor subscales of the BISddauh the second component. The
number of errors in the MFFT and the non-plannimngssales of the BIS loaded on the
third component. The SSD and the SSRT of the Sagk Toaded on the fourth
component.

The five-factor solution. Since the “Good Decks Minus Bad Decks” in the lowa
Gambling Task could not load on any componentlanfour-factor solution, the
variables were analyzed again with the five-faswution. Table 13 demonstrates that
the five-factor solution yielded identical patteregcept that the “good decks minus bad
decks” variable loaded on the fifth component.

Tested with the controlled variables. As the previous findings could have been
influenced by other factors such as activity lemedl mood, the study further examined
how these factors affect the underlying structdnenpulsivity. The scores of the Symbol
Digit Modality Test and the Beck Depression Invewb were also included in the

analysis.
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Using the criteria of “the eigenvalues larger tbar,” the analysis yielded a four-
factor solution, with the first response time ahe total response time, as well as the
Symbol Digit Modalities loading on the first factéhe attentional and motor subscales
of the BIS, as well as the total score of BDI-ltting on the second component; the
number of errors of the MFFT and the non-plannigssale of the BIS loading on the
third component; and the SSD and SSRT of the Sagl Toading on the fourth
component.

The five-factor solution. Again, as the “good minus bad” variable in the lowa
Gambling Task could not fit well in the four-facteslution, the five-factor solution was
also examined.

Three scores loaded on factor one. The first resptime and total response time
of the MFFT, as well as the Symbol Digit Modalitiesd on this factor. As this factor
relates to the amount of time it takes to proceskraspond to a stimulus, it is labeled
“psychomotor speed.”

Three items loaded on the second factor. The tkeees were the attentional and
motor subscales of the BIS and the total scor&@fDI-II. All of the three items were
affective related measures.

Two scores loading on the third factor related he tevel of inadequacy in
reflection at the pre-decisional stage. The twaesavere the number of errors in the
MFFT and the non-planning subscale score of the B factor is labeled “reflection
impulsivity.”

The SSD and SSRT of the Stop Task loaded on theéhfdactor. This factor is

labeled “inhibitory control,” as both scores rethte inhibitory control.
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The score that loaded on the last factor was “giewdks minus bad decks” in the

lowa Gambling Task. This factor is labeled “emotinduced impulsivity.”
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Chapter 4: Discussion

This is the first study in Hong Kong that aimedctarify the dimensionality of
impulsivity in two clinical populations. In the faé of neurocognitive psychology, two
paradigms—motor impulsivity and cognitive impulsyw-have been predominantly
used in understanding the concept of impulsiviter@éjo-Garcia, Lawrence, & Clark,
2008). However, the present study revealed thatetrere three dimensions of
impulsivity. In the first part of the study, threemmonly used neurocognitive tests—the
Stop Signal Task, the MFFT, and the lowa Gamblingsk—were administered.
Employing the technique of factor analysis, thneedamental factors for the construct of
impulsivity were identified. In contrast to conviemtal concepts of impulsivity, this
study revealed that there are three underlying w&mo@s of impulsivity, namely,
inhibitory control, reflection impulsivity, and eron-induced impulsivity, as measured
by the lowa Gambling Task. In the second part efstudy, the change of the underlying
structure of impulsivity was examined by incorporgta self-report measure, the BIS,
and two confounding variables, the BDI-1l and Syibmit Modalities.

One of the predominant paradigms of impulsivitynisibitory control. The ability
to inhibit an ongoing response is the core compbieérthis concept. It is a crucial
executive function that comes into play when onestito withhold or interrupt an
ongoing or planned response. In this study, the Stgnal Task was used as the measure
of inhibitory control. Two scores, namely, the S& SSRT, which is the time required

to stop a response, were obtained. These two shakesbeen used extensively to study
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inhibitory control in numerous experimental mangdidns, and the results yielded in this
study were similar, demonstrating the generalitytref task as an empirical model of
inhibitory control. Consistent with the conceptér@mework laid by past literature, both
the SSD and SSRT were loaded on the same factbe ipresent study.

Another predominant paradigm of impulsivity is esflion impulsivity, first
introduced by Kagan. The main concern of this cphde the tendency to gather and
evaluate sufficient information before making aigien in a situation characterized by
uncertainties. In the present study, the MFFT wd@mmiaistered, and the first response
time, the total response time, and the number @frerin the test were measured. The
three variables loading on the same factor indsctiat reflection impulsivity indexed by
the MFFT is distinct from other dimensions of imguity. Moreover, the two response
times and the number of errors being clusteredhan game factor also signify one
important principal demand of reflection impulsyislowing down the decision-making
process would increase the accuracy in the taskjremdequate reflection would reduce
the accuracy of the eventual decision.

The behavioral analysis of impulsivity has predcemithy used two paradigms:
inhibitory control and cognitive impulsivity. Howex, as the outcome score of the lowa
Gambling Task loaded on a distinct factor, it iggested that there is another dimension
of impulsivity. The task is an experimental paradiglesigned to mimic real-life
decision-making situations in the way that it fastan uncertainty, reward, and
punishment. Similar to the Matching Familiar Figur&est, the task requires the

participants to make a choice among different o@tidHowever, unlike the measure of
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reflection impulsivity, the key feature of the taskhat its reward/punishment schedule is
unclear; therefore, learning occurs on a non-datiiae, largely implicit level.

The three dimensions of impulsivity as different modulating mechanisms.
Our data provides support for the hypothesis thgbuisivity is a multidimensional
construct. There are at least three dimensiondiefconstruct of impulsivity, from the
most simple action-inhibition task to elaborategoigms where the evaluation of future
consequences depends on the immediate choice.ittmlgibcontrol highlights the
inhibition of a prepotent response. Reflection ifspity emphasizes the tendency to
gather and evaluate information before making acehdmotion-induced impulsivity
focuses on the decision made at the non-declaratidemplicit level. Although the three
dimensions of impulsivity may result in similar ioipivity behaviors or
undesirable/dysfunctional consequences, the undgrlymechanisms involved are
different.

The key feature of inhibitory control is the supgsien of a prepotent response.
All animals are subject to behavioral control btemal motivational states that are either
innate or conditioned. These states can be retatélte desire to seek food, water, sex,
and other primary reinforcers such as drug use. évew there appears to be an active
inhibitory control mechanism in the brain that miades this type of prepotent response,
particularly in higher mammals (Damasio, Everitt,B8shop, 1996; Dias, Robbins, &
Roberts, 1997). Some have suggested that thisitahjilzrontrol mechanism may provide
the substrate by which rapid, conditioned responaed reflexes are transiently

suppressed so that slower cognitive mechanismgude behavior (Bechara, 2003).
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However, inhibitory control is not the only mechemithat exerts influence over
internal motivational states. A human will estim#te consequences of different options
before engaging in a particular behavior. A choisemade after reflecting on the
consequences of that choice. The choice betweethendrug use episode and the
potential of losing a job, or engaging in unprogéecsex and the risk of becoming infected
with HIV, presents a dilemma to an individual, emdecision has to be made. Humans
possess the ability to select the most adaptiveseoaf action for them from a set of
possible alternative behaviors. People can nornrathike a decision that is consistent
with social norms. However, those with a higherelegf reflection impulsivity make
inappropriate choices because they do not spendgéniime gather and evaluating the
information at hand; instead, they decide quickig anake more errors. This association
between the extent of information sampling andabeuracy of the subsequent decision
represents the core feature of this dimension puisivity (Evenden, 1999). Inadequate
reflection also represents a potential mechanism rigk-taking behavior, because
decision-making might be biased toward salientanediately rewarding options. Risky
decision-making has been observed in various sutstaser populations (Dom, Sabbe,
Hulstijn, & Van Den Brink, 2005; Garavan & Stoud5) and was also reported in a
group of detoxified alcoholics who had been solmerdn average of 6.6 years (Fein,
Klein, & Finn, 2004). Reduced information samplimgght plausibly reflect an inability
or anxiety to delay responding to gather more mettion, or an increased conviction in
the decision at a point of relative uncertaintypdint to be highlighted is that as the
construct of non-planning impulsivity outlined dyetBIS (Patton, Stanford, & Barratt,

1995) bears some resemblance to our operationaitdei of reflection impulsivity. The
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errors of the MFFT and the non-planning subscalthefBIS loaded on the same factor
when the BIS scale was incorporated in the analysis

The third dimension identified in this study is dmn-induced impulsivity.
Similar to the dimension of reflection impulsivitihis is also involved in the process of
making a choice. However, rather than making asit@cibefore gathering and evaluating
sufficient information, this dimension focuses oman-declarative or implicit level. In
this task, the decisions were based on highly gaiceland complex situations. The
normal, controlled strategies could not lead pedplenake a rational decision in this
context. Rather, a more automatic, implicit, “intee” system guided the decision-
making. Damasio (1994) referred to this as the ‘@®mrmarker,” which is an emotional
signal that helps people to make fast and adaptisponses in a complex and uncertain
situation. Emotions, as defined by Damasio, aragésa in both the body and brain states
in response to different stimuli. Physiological ebas (e.g., muscle tone, heart rate,
endocrine release, posture, and facial expressidhg body are relayed to the brain. The
signals in the brain are then transformed into amot®n that tells the individual
something about the stimulus that he or she hasuemered. Over time, emotions and
their corresponding bodily changes become assacvaite particular situations and their
past outcomes. When making decisions in the futimese “somatic markers” and the
evoked emotions are consciously or unconscioustpaated with their past outcomes
and bias decision-making toward certain behaviolslewavoiding others. When a
somatic marker associated with a positive outcomeeirceived, the person may feel
happy and motivated to pursue that behavior. Wheonaatic marker associated with a

negative outcome is perceived, the person maysae@| acting as an internal alarm to

50



MEASURES OF IMPULSIVITY AND UNDERLYING CONSTRUCTS

warn him or her to avoid a course of action. Thagetion-specific somatic states based
on and reinforced by past experiences help to guideavior in favor of more
advantageous choices and are, therefore, adaptive.

The somatic marker hypothesis was supported bydy sif patients with lesions
of the medial prefrontal cortex, who tended to bkhnormal cognitive functioning in
some respects, but who were highly impaired inrtleicision-making in social and
emotional contexts (Anderson, Bechara, Damasionély& Damasio, 2002). Whereas
normal adults learn over time which decks are athgeous and shift toward playing
preferentially from those decks, patients withdesiin the ventromedial region persist in
drawing from disadvantageous decks—a pattern ghgemnerally interpreted as favoring
immediate gratification at the expense of longemtadverse consequences (Anderson,
Bechara, Damasio, Tranel, & Damasio, 2002). Immpifathe deck payoff schedules in
the lowa Gambling Task are intended to be too cmafed for participants to readily
discern them. Consequently, participants must rafyleast in part, on emotion-based
signals (the “somatic marker”) to guide their demsmaking (Bechara, Damasio,
Tranel, & Damasio, 1997). The failure of individsialith ventromedial brain damage to
shift toward decks that yield long-term gains sigggehat this prefrontal region plays a
critical role in utilizing emotional information tguide decision making.

The hypothesis requires the integrity of memorpeeglly working memory, and
the neural system of emotional responses. UsingMiRd during the performance of the
lowa Gambling Task, a study Using the fMRI durirge tperformance of the lowa
Gambling Task, a study demonstrated that a neurlitty of the dorsolateral prefrontal

cortex, the insula and posterior cingulate cortélte mesial orbitofrontal and
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ventromedial prefrontal cortex, and the ventralaitm and anterior cingulate was
activated (Li, Lu, D'Argembeau, Ng, & Bechara, 2DIlhose areas are responsible for
working memory, representations of emotional statesorporating the two previous
processes and implementing behavioral decisionespondingly. The activated regions
were consistent with the neural circuitry hypotkediby the somatic marker hypothesis.

Some studies have questioned the role of somatikarg such as Maia &
McClelland (2004), who revealed that the particisam their study may have had
conscious knowledge in the task; therefore, itasmecessary to appeal to nonconscious
somatic markers. They suggested that the partitspsimply had trouble shifting their
strategy when the rewards changed. However, ubmgadst-decision wagering method,
a recent study found that these findings had befmenced by the authors’ quantitative
guestions, which forced the participants to intex$pabout their awareness. However,
when using open-ended questions instead, the ipanis performed well before they
were aware of the advantageous strategy.

Examining the dimensionality with confounding variables. In the second part
of the study, the change of the underlying striectof impulsivity was examined by
incorporating a self-report measure, the BIS, aml confounding variables—the BDI-II
and the Symbol Digit Modalities.

Affective related measures and depression. Consistent with the prediction, the
motor subscale and the attentional subscale relatede to depression than the
neurocognitive measures. In the second part o$tildy, together with the total scores of
the BDI-II, both the attentional and motor subssaléthe BIS loaded on the same factor.

Although the administration of self-report measuoascognitive profiles is quick and
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easy, a growing volume of research demonstrates thea outcomes of self-report

measures may be heavily influenced by affectivéofac(Au et al., 2008; Rourke et al.,

1999a, 1999b). The findings of the current studppsut this assertion. Instead of
clustering together to form another factor or logdon other dimensions of impulsivity,

the two subscales of the BIS and the total BDldbres loaded on the same factor.
Further study of impulsivity employing self-reporheasures should address the
relationship between the test outcomes and thé ¢déwkepression.

Response times and psychomotor speed. Although the MFFT has been used
extensively to measure the reflection impulsivitychildren, some of its variables may
yield inconsistent findings in the adult populatidorgan, 1998). In the second part of
this study, instead of loading on the factor ofa&fon impulsivity, the first response
time and total response time of the MFFT were geodupvith the Symbol Digit
Modalities. It is possible that both tests demahd &bility of visual search, visual
memory, as well as psychomotor speed. Indeed, @nerdwo experiments on ecstasy
users by Morgan (1998) that reported reduced MAFdrewithout significant effects on
MFFT response times. The MFFT places high demandssual search, visual working
memory, and strategy use, and these domains maindspendently disrupted in
recreational ecstasy users (Fox et al., 2002), gpsrHeading to inflated error rates
(Block, Block, & Harrington, 1974; Clark, Robbirstsche, & Sahakian, 2006).

Implications for treatment. The findings in this study further support the
hypothesis that the clinical construct of impulsivis multi-dimensional. This study
reveals that there are three underlying dimensmignpulsivity, namely, inhibitory

control, reflection impulsivity, and emotion-indutempulsivity. Different measures
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should be used in order to delineate the multitetspects of impulsivity. Individual
measures in isolation cannot capture all dimensafnsnpulsivity. Therefore, it is not
appropriate to use a single measure to concludeathandividual is impulsive. On the
contrary, a profile of impulsivity should be usdthe underlying mechanisms of different
persons with manifestations of impulsivity can liedent: some may have problems in
inhibitory controls; some make a decision beforthgang enough information, whereas
some make a decision guided by the intuitive samatarker. These differences may
have implications for treatment. It is not apprafeito apply a single type of treatment to
all people with manifestations of impulsivity. & imperative to analyze the profile of
impulsivity and understand which underlying dimemsiof impulsivity constitutes the
impulsive behavior, and instead of applying a sngkatment against all forms of
impulsivity, a more focused treatment method camded to address the particular type
of impulsivity. For example, treatment with psyctioailant drugs has been shown to
improve performance in the Stop Signal Task in ratel humans, and a study
demonstrated that it is particularly effective ife@ating impulsive action in the Stop
Signal Task in individuals with relatively poor letine performance. Therefore, if an
individual demonstrates impulsive behavior, we #$thdirst examine which types of
impulsivity influence his or her behavior, and & br she performs poorly in the Stop
Signal Task, focused treatment (i.e., psychostintuliaugs) can be used to alleviate his
impulsive behavior.

Futuredirections and limitations. Although the heterogeneity of the two clinical
samples provides a good foundation for the possiatesferability of findings to other

populations, the generalizability of this studgi#l limited. Future studies should obtain
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data from wider range of populations to enhancegéreeralizability. Participants from
different clinical groups, or even normal populatishould be included. Alsty draw a
conclusion with greater confidence, apart froméargample size, longitudinal design

study is needed in future research.

This study helps clarifying the dimensionality ofpulsivity. However, the
interrelationships among substance abuse, HIV-+eamifestation of impulsivity are still
not clear. Future studies can explore if the sulegt@buse and HIV+ contribute to the

manifestation of impulsivity, based on the factimgnd in this study.

Another limitation of this study is since the hisés of drug consumptions were
assessed using only subjective reports, the prebesmical composition of the substance
used is uncertain. However, as this study is rietrgiting to examine the level of
impulsivity manifested by people with substancesabjproblems, the influence should be

minimal in this study.
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Figures

Figure 1. Reported drug abusers by age group
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Figure 2. Reported abusers of psychotropic substaaed opiates
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Tables

Table 1. Gender of Participants

Frequency Percent

HIV+ Male 77 77.0

Female 23 23.0

Total 100 100.0
Substance Male 74 87.1
Abuse

Female 11 12.9

Total 85 100.0
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Table 2. Age and Education Levels of Participants

Substance abuse case Mean Std. Deviation

HIV+ Age 33.75 6.897
Education (years) 12.33 3.493

Substance Abuse Age 26.02 5.800
Education (years) 9.26 2.005
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Table 3. t-test on Age and Education

df Sig. (2-tailed)
hoe eamed 8.118 180 000
Eg:l;drln\g:\jriances not 8.211 179711 000
= e e 7.027 179 000
eIf;qst‘ll;strln\(/;:ljrian(:es not 7 412 162.610 000
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Table 4. Types of Drugs Abused

Types of Drugs Abused Frequency Percent
Depressants 11 12.94
Stimulants 12 14.12
Hallucinogens 48 56.47
Others 14 16.47
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Table 5. Duration of Substance Abuse

Minimum Maximum Mean Std. Deviation
(years) (years) (years) (years)
.50 20.00 5.5833 4.32393
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Table 6. Descriptive Statistics for the Result®dferent Measures

Minimum Maximum Mean  Std. Deviation

MFFT Total 1st

) 14.23 710.77 224.84 120.85
Response Time
MFFT Total 3729  817.30  284.25 132.15
Response Time
MFFT Total No. of 1.00 7700  16.40 11.32
Errors
Symbol Digit 34 77 57.09 9.71
Modalities
lowa Gambling Task
Good Minus Bad -88 86 -16.15 29.59
Scores
BIS Attentional 2.00 19.00 10.82 3.42
BIS Motor 5.00 27.00 14.31 4.36
BIS Non-planning 11.00 27.00 17.45 3.62
BDI-Il Total .00 52.00 15.15 12.32
SSD 50.00 1056.40 394.50 201.01
SSRT -96.00 522.10 278.03 72.54

*Abbreviations

MFFT = The Matching Familiar Figure Test
SSD = Stop Signal Delay

SSRT = Stop Signal Reaction Time

BIS = The Barratt Impulsiveness Scale
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Table 7. Extraction of Components of Variablesropulsivity

Component Initial Eigenvalues

% of
Total Variance Cumulative %
1 2.42 40.45 40.45
2 1.43 23.94 64.39
3 1.02 17.05 81.44
4 .66 10.99 92.43
5 41 6.91 99.34
6 .04 .66 100.00
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Table 8. Orthogonal Rotated Component Loadingshi®Outcome Measures of

Impulsivity
Component
1 2 3

SSD 13 86 .01
SSRT .04 .89 .03
MFFT Total No. of Errors 61 22 32
MFFT I Response Time 98 06 —02

.95 .02 -.08

MFFT Total Response Time

lowa Gambling Task
Good Decks Minus Bad
Decks

.02 .01 97

*Abbreviations
MFFT = The Matching Familiar Figure Test
SSD = Stop Signal Delay

SSRT = Stop Signal Reaction Time
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Table 9. Component Loadings for the One-Factort®wiu

Component
1
MFFT Total No. of
.68

Errors
MFFT 1°' Response Time 91
MFFT Total Response

. .87
Time
SSD A7
SSRT 40
lowa Gambling Task
Good Decks Minus Bad -.13
Decks

*Abbreviations
MFFT = The Matching Familiar Figure Test
SSD = Stop Signal Delay

SSRT = Stop Signal Reaction Time
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Table 10. Orthogonal Rotated Component Loadingsi®iTwo-Factor Solution

Component

1 2
MFFT Total No. of 62 .29
Errors

s

MFFT 1" Response 97 .08
Time
MFFT Total Response 95 .03
Time
SSD 10 .86
SSRT .02 88
Good Decks Minus Bad —06 -17
Decks

*Abbreviations
MFFT = The Matching Familiar Figure Test
SSD = Stop Signal Delay

SSRT = Stop Signal Reaction Time
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Table 11. Extraction of Components of Variable8oth Neurocognitive

Measures and BIS Subscales

Component Initial Eigenvalues

Total % of Variance  Cumulative %
1 2.3 26.0¢ 26.08
2 1.6E 18.31 44.39
3 1.53 17.0¢ 61.42
4 1.14 12.6¢ 74.10
5 .98 10.92 85.02
6 .63 6.97 91.99
7 44 4.9C 96.89
8 .25 2.77 99.66
9 .03 .34 100.00
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Table 12. Orthogonal Rotated Component Loadingsh®iFour-Factor Solution

Component
1 2 3 4
Sl
MFFT 1" Response 97 05 18 .01
Time
MFFT Total 97 01 06 .07
Response Time
MFFT Total No. of 32 _02 75 _o8
Errors
Good Decks Minus
Bad Decks -.10 -.25 .39 .33
SSD .25 .01 -.22 77
SSRT -.10 A1 .09 .81
BIS Attentional —-.04 .90 .07 —-.05
BIS Motor .08 .84 .04 .14
BIS Non-planning .08 .20 .82 .05

*Abbreviations

MFFT = The Matching Familiar Figure Test
SSD = Stop Signal Delay

SSRT = Stop Signal Reaction Time

BIS = The Barratt Impulsiveness Scale
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Table 13. Orthogonal Rotated Component LoadingtheiFive-Factor Solution

Component
1 2 3 4 5
Sl
MFFT 1" Response 96 05 21 016 ~.00
Time
MFFT Total 97 02 07 062 02
Response Time
MFFT Total No. of o8 _07 81 _ 29 _02
Errors
Good Decks Minus
Bad Decks .01 —-.04 .03 .02 .99
SSD .23 -.02 -.20 .80 -.02
SSRT -.13 .07 A1 .85 .05
BIS Attentional -.05 .87 13 -.01 -.19
BIS Motor A1 .90 -.03 .07 .14
BIS Non-planning .03 15 .87 A1 .05

*Abbreviations

MFFT = The Matching Familiar Figure Test
SSD = Stop Signal Delay

SSRT = Stop Signal Reaction Time

BIS = The Barratt Impulsiveness Scale
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Table 14. Extraction of Components of Variable8oth Measures of Impulsivity and

Controlled Variables

Initial

Component Eigenvalues
Cumulative

Total % of Variance %
1 251 22.85 22.85
2 1.99 18.08 40.93
3 1.72 15.61 56.54
4 1.32 11.98 68.52
5 .94 8.55 77.07
6 .85 7.71 84.78
7 72 6.58 91.35
8 .48 4.39 95.74
9 .30 2.74 98.48
10 14 1.30 99.78
11 .02 .22 100.00
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Table 15. Orthogonal Rotated Component Loadingsh@iFour-Factor Solution

Component
1 2 3 4
sl
MFFT 1" Response 90 07 34 03
Time
MFFT Total 95 03 17 06
Response Time
MFFT Total No. of 17 _03 89 _16
Errors
Good Decks Minus
Bad Decks .01 -.22 .03 .55
SSD .21 .04 -.16 .76
SSRT -.14 .23 .04 74
BIS Attentional -01 .91 .03 -.07
BIS Motor .07 .79 .02 A7
BIS Non-planning .04 15 .79 .07
Symbol Digit
Modalities .66 —00 —43 =02
BDI-Il Total .03 .68 .08 —-.08

*Abbreviations

MFFT = The Matching Familiar Figure Test
SSD = Stop Signal Delay

SSRT = Stop Signal Reaction Time

BIS = The Barratt Impulsiveness Scale

BDI-Il = The Beck Depression Inventory-II
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Table 16. demonstrates the result of the five-fastdution.

Component
1 2 4
Sl
MFFT 1" Response 90 05 32 07 _.07
Time
MFFT Total 96 02 15 08 _.03
Response Time
MFFT Total No. of 19 05 88 .10 _16
Errors
Good Decks Minus
Bad Decks .00 -11 .03 13 .88
SSD .22 -.02 -.16 78 .16
SSRT -.13 14 .05 .85 .00
BIS Attentional -.01 .90 .04 .03 -14
BIS Motor .06 .84 .02 .05 .29
BIS Non-planning .06 .18 .78 -.03 22
Symbol Digit
Modalities .65 .03 —.44 -12 .18
BDI-II Total .03 .65 .08 .07 -.26

*Abbreviations

MFFT = The Matching Familiar Figure Test
SSD = Stop Signal Delay

SSRT = Stop Signal Reaction Time

BIS = The Barratt Impulsiveness Scale

BDI-Il = The Beck Depression Inventory-II
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