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Abstract

HIV-seropositive (HIVA#) drug users show impaired performance on measures of integrity of prefrontal—subcortical
systems. The lowa Gambling Task (GT) is mediated primarily through ventromedial—prefrontal systems, and poor
performance on this measure (“cognitive impulsivity”) is common among substance dependent individuals (SDIs) as
well as patients with disease involving prefrontal-subcortical systems (e.g., Huntington disease). We hypothesized
that HIV+ SDIs might be more vulnerable to cognitive impulsivity when compared with HIV-seronegative-{HIV

SDIs because recent studies report evidence of additive effects of HIV serostatus and drug dependence on cognition.
Further, working memory is considered a key component of GT performance and is reliably impaired ameng HIV
SDIs compared to controls. We administered the GT to 46-HRAANd 47 well-matched HIV males with a past or

current history of substance dependence. In addition, we evaluated correlations between subjects’ scores on the GT
and on a delayed nonmatch to sample (DNMS) task in order to test if working memory deficits accounted for
cognitive impulsivity among the HIV subjects. The HIW subjects performed significantly more poorly on the

GT compared to the HIV group but this effect could not be explained by working memory deficits. Implications

of these findings for future basic and applied studies of HIV and substance dependence are discussed.

(JINS 2004,10, 931-938.)
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INTRODUCTION current study is to evaluate the integrity of a more complex
cognitive process that is mediated through prefrontal-
HIV has a relative affinity for basal ganglia and prefrontal subcortical networks. Specifically, we investigated the sta-
cortex. Accordingly, HIV-seropositive (HI¥) persons show tus of decision-makinga function defined by Bechara,
relatively selective defects compared with seronegativddamasio and colleagues (Bechara et al., 1997, 2000) as
(HIV =) risk-matched controls in cognitive functions medi- “the ability to select the most advantageous response from
ated through prefrontal subcortical networks. In a series on array of [immediate] possible behavioral choicé3His
studies of HIVA- and HIV— substance dependent individ- process depends on the integrity of multiple prefrontal-
uals (SDIs) we have demonstrated a reliable pattern of defects
in mental operations of this type, including controlled pro-  athe term “decision-making” has been employed in multiple models
cessing, response inhibition, and working memory (Farin4n the cognitive and clinical neuropsychological literature. We employed

. ; he lowa Gambling Task (GT), which is designed specifically to capture
pour et al., 2000; Martin et al., 2001). The purpose of the::omponents critical to the Bechaifaamasio model of decision-making.
Throughout this article, “decision-making” refers exclusively to the
BechargDamasio operational definition and whenever possible we refer

Reprint requests to: Eileen Martin, Department of Psychiatry @M  to more specific cognitive processes tapped by this task. Deficits on the
912), University of lllinois, 1601 W. Taylor St., Chicago, IL 60612. E-mail: GT have been termeabdgnitive impulsivity. Throughout this manuscript
EMartin@psych.uic.edu we use the terms “GT deficits” and “cognitive impulsivity” interchangeably.
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subcortical networks with particular emphasis on the involve-employed in the Bechara and Martin study were available

ment of ventromedidbrbitofrontal prefrontal cortex. for our subjects and have been reported in a separate pub-
According to the Bechaydamasio model, multiple cog- lication (Martin et al., 2003). Accordingly we employed

nitive and affective processes influence response selectiahese scores to test a third hypothesis, that impaired work-

in real time. These include but are not limited to retrieval ofing memory performance would account at least in part for

representations of previous rewards and punishments assdiV + SDIs’ GT deficits.

ciated with each available behavioral choice; temporary

maintenance of these representations online in working mem-

ory; level of responsivity to rewards and punishments; andVlETHODS

planning for an optimal future outcome or goal. The model o o

predicts that deficits in any of these operations result inParticipant Characteristics

impaired decision-making, asognitive impulsivityselec- o0 1 shows subject characteristics for the two groups.
tions biased toward the response choice associated with trwe enrolled and tested a total of 46 Hivand 47 ELISA-
greatest immediate reward, re_gardles; of punishment or Qferified HIV— males aged 18-55 years and diagnosed with
the fut;lre conzeﬂyencis of thls.behzwor.d h current or previous substance dependence. Subjects were
Bechara and his colleagues introduced the lowa Gammzg .y jiteq from infectious disease and substance abuse clin-
bling Ta_sl_< (GT) t(.) assess varlous cognmve components Olfcs at the VA Chicago Health Care System—West Side, the
the_d_eC|S|on-_mak|ng process in r_ea_l time and _re_ported tha\tJniversity of lllinois—Chicago HIV Early Intervention Clinic
deficits on this task are characteristic among clinical groups,; \sije Square Health Center, community HIV and drug
that include persons with focal lesions of ventromedial prey o 4tment programs and by Wo}d-of-mouth among residents
fror]tal cortex or amygdala (see Bechara et a!., 200,0’ for df recovery houses and shelters. Subject ethnicity was 91%
review). In addition, the lowa group and other investigators frican American, 4% Hispanic and 5% White. All subjects
(Bechara etal., 2001; Bolla et al., 2003; Grant etal., 2000 ere medically stable with no history of closed head injury

have reported t(:‘at SDIshp%rform(;he GT, more pocirly "’(‘jsd_"i'zvith loss of consciousness greater than 30 min, open head
group compared to matched non-drug using controls. A ITnjury, schizophrenia, seizure disorder, current alcohol depen-

tionally, SDIs’ performance patterns typically resemble thos ence, current neuroleptic use, or less than 10 years of edu-
of patier_n_s With ventromedia_l p_refr_ontgl lesions, althoughe o, Subjects showed no evidence of overt cognitive
their deficit is Iess_ severe. This finding is not unexpected aYeficits on screening interview and no history of neurologic
SDIs and VM patients share several common neurocogni, ,qirment by medical record review. All subjects were
tive characteristics such as impulsivity, inability to modify capable of providing informed consent for the study, which
ineffective response strategies, and seeming indiﬁerenc\;’as approved by the UIC Institutional Review Boar’d.
toward incorrect responding. Further, SDIs show evidence The HIV+ subjects had no history of dementia or other

on functional neuroimaging studies of abnormal activity inneurologic AIDS-defining disorders and their median CD4
orbitofrontal cortex, a subregion of ventromedial prefrontallymphocyte count was 521 at testing (range 41-2040)
cortex (Goldstein & Volkow, 2002; Grant et al., 2000; Approximately 10% of the group had AIDS-defining CD4

Volkow & Fowler, 2000). counts €200). Eighty percent were prescribed antiretro-

Although SDIs as a group are impaired on the GT, only 8o therapy at testing, 50% with highly active antiretro-
subgroup of individuals actually perform the task abnor-

mally (Bechara & Damasio, 2002; Bechara et al., 2001,
2002; Bechara & Martin, 2004) and one question concerns o o
which variables are associated with increased risk of impaired@P!e 1. Participant characteristics

QT performancg among this group. In this study we.inves-chamcteristiCS HIV- HIV + t P
tigated the possibility that among SDIs, H\persons might
be more vulnerable to GT deficits compared with HIvV ~ Age* 47.2 (6.6) 46.2 (44)<l n.s.
controls. Rationale for this hypothesis is based on recerffducation 13.1 (16) 129 (1.3x1 n.s.
evidence that HIV and drugs of abuse show additive dele2MNART VIQ™ 105.0 (9.1) 105.6 (9.2) <1 n-s.
terious effects on neurocognitive functions mediated by, ég.g(llﬁ) 113 (9.5<1 NS
. . . .3(13.3) 37.3(11.1)<1 n.s.

prefrontal—subcortical neural systems; and that patients with s ar_| Reading 44.4 (6.6) 43.6 (8.0K<1 n.s.
Huntington disease or other frontal—striatal disorders als@q gcgle 28.0 (6.1) 281 (5.7x1 n.s.
show impairment on the GT (Rippeth et al., 2004; Stoutsensation-Seeking  16.9 (5.7) 14.2 (5.2) 2.4 .05
et al., 2001). WURS 56.7 (31.6) 54.4 (23.8)1 n.s.

Working memory deficits are prominent among HtV  PCLC 39.9(15.9) 36.0(15.4x1 n.s.
SDIs compared with HIV- controls. Notably, Bechara and Years drug use 253 (8.1) 21.2 (9.1) 226 .05
Martin (2004) recently reported that GT deficits were assoMd days abstinent 43 163 —1.89" .06

ciated significantly with working memory deficits in a sam- _

. . . . *All scores represent mean values unless stated otherwise.
ple of seronegative users of primarily methamphetaminey«gee text for explanation of abbreviations.
alcohol and cocaine. Scores on the working memory task-*Mann-Whitney z approximation.
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viral therapy (HAART), that is, combinations that included to screen for potential reading disorders. Controlling for

at least one protease inhibitor, and 30% with reverse tranthese variables is necessary in any investigation of neuro-
scriptase inhibitor combinations or monotherapy. Plasma&ognition in substance abusers and is particularly relevant
viral load was undetectable at less than 400 cogdor  to the current investigation, since the literature indicates
31% of subjects. Eighty-five percent of subjects com-that some of these comorbid conditions (i.e., attention def-
plained of at least one constitutional symptom in the previ-cit disorder; antisocial personality traits) are associated with

ous week. deficits on the GT (M. Ernst et al., 2003; Mitchell et al.,
2002).
Finally, all subjects completed the Beck Depression Inven-
Procedure tory (Beck et al., 1961) and the state version of the State—

Trait Anxiety Inventory (Spielberger et al., 1971) to monitor
current psychological distress at the time of testing.

All subjects underwent Breathalyzer testing and rapid urine We informed all subjects explicitly that no study data,
toxicology screening for cocaine, cannabis and opfabes including Breathalyzer readings, toxicology screening results
arrival for their testing visit. Only subjects testing negativeor self-report of substance use, would be entered in their
on both measures were administered the remainder of th@edical charts or provided without their written consent to
protocol. Subjects testing positive for alcohol or drugsany individual or facility, including their health care or sub-
received no payment for the visit but were rescheduled fostance abuse treatment providers, law enforcement agen-
testing. No subject arrived for testing actively intoxicatedcies or the courts. Subjects were also informed that their
or in withdrawal. All subjects were informed of these con- data were protected from subpoena by a Certificate of Con-
tingencies before signing informed consent forms and priofidentiality obtained from the National Institute on Drug

to their test appointment. Abuse. These assurances are known to increase the reliabil-
ity of drug abusers’ self-reported alcohol and drug use
because negative consequences of disclosure are mini-
S mized (Darke, 1998). In this regard, whenever possible we
and comorbidities employed self-administered computerized versions of mea-

All subjects were administered the Structured Clinical Inter-SU"€S Of, addiction severity, which are known to increase
view for DSM—IV—Substance Abuse Module (SCID-SAM: subjects’ rate of endorsement of substance use (Macalino
First et al., 1995) to verify substance dependence diagnoet al., 2002).

ses. Approximately 89% of subjects were diagnosed with a

history of cocaine dependence, 80% with alcohol and 68%ambling task

with heroin. Eighty-five percent of subjects met diagnostic o . )
criteria for polysubstance dependence. Sixty percent of supVe administered the gambling task (GT) on a Dell Opti-

jects reported a history of injection drug use (IDU). 'plex'Pentium PC using the standard task materials gnd sub-
Subjects also completed the Addiction Severity Index€Ct instructions employed by the lowa group. A continuous
(McLellan et al., 1985), a standardized measure employefiSPlay of four card decks labelétl B, C, andD remained
routinely in clinical evaluations of substance abusers in ordeP" the screen for the duration of the task. Participants were
to estimate severity of drug and alcohol abuse, as well afiStructed to select cards one at a time by clicking on any of
associated social problems and medical complications. the four pictured decks. P_art|C|pants were also_told that:
In addition, all subjects completed a series of standard®ach and every card selection would result in a win of some
ized paper and pencil measures of personality traits or dig@mount of money; occasionally a selection would result in
orders comorbid with substance dependence and witf /0SS of money as well; the amount of money won or lost
potentially confounding effects on the cognitive data. Thesdvould vary across selections; some of the card decks were
variables included history and symptoms of attention defi-2Ssociated with higher wins than others; and that their job
cit disorder, antisocial personality traits, sensation seekingVaS (0 win as much money as possible and complete the
and symptoms of post-traumatic stress disorder, indexetSK With a winning score. _
respectively by the Wender Utah Rating Scale (Ward et al., F&ch participant made 100 selections from the decks,
1993), the Socialization subscale of the California Person@dministered as five blocks of 20 trials each. The order of
ality Inventory (Rosen & Schalling, 1974), the Sensation'éwards z_and punishments within e.af:h deck was identical
Seeking Scale—Version V (Zuckerman, 1996), and the pTsHPr all subjects. Unbeknownst to part|C|pa}nts, select_lons from
Checklist-Civilian version (Keane et al., 1987). In addition, 49€CkSA and B (*bad decks”) resulted in large wins but
subjects completed the Wide Range Achievement Test—lIPccasional large losses. Choices from deCksidD (*good

(WRAT-III: Wilkinson, 1993) Oral Reading subtest in order decks”) resulted in smaller wins and occasional smaller losses
’ ’ compared with choices from the bad decks. Consistent

, _ _ , choices from good decks provided small immediate rewards
bSubjects’ urine specimens were also tested for a more extensive pangl

of street drugs with confirmation. No additional drug using subjects were ut _reSUIte.d in_ a net gain at the 9”0! of 100 tr?als' Wh”e
identified on extended testing in this study group. choices primarily from bad decks provided large immediate

Drug and alcohol screening

Assessment of substance abuse
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rewards but an overall total loss. All subjects typically select 100
cards primarily from the bad decks at the start of data col- g5 -
lection; however, subjects without neurologic dysfunction
typically shift their choices primarily to good decks over
trial blocks and complete the task with a winning score &
(Bechara et al., 2000).

96
94 4
92
90

Working memory 88 -

ean Percent G

All subjects had participated previously in an investigation2 8 -

of working memory performance using a delayed non-  84- | _g py.

match to sample (DNMS) task employed by the lowagroup a2 | | —w=HiV+

in previous GT studies (Bechara & Martin, 2004). This task 80 . . .

stresses working memory mechanisms by requiring sub 10s 208 B0s

jects to retain information online during a delay period prior

to making a response choice. In a separate publication (Mar-

tin et al., 2003) we reported that HW subjects performed Fig. 1. Working memory performance for HIY and HIV— groups

the DNMS significantly more poorly compared with HiY ~ on a delayed non-match to sample task (data reported in Martin

subjects (see Figure 1). et al., 2003). Score_s represent percent correct choices for 10, 30,
A detailed description of the DNMS procedure is avail- 2"d 60 s delay periods.

able in Martin et al. (2003). Briefly, at the start of each trial

subjects view a brief display of a single red or black card.

Following a time delay of 10, 30 or 60 s after stimulus SCID-SAM diagnoses of current or previous cocaine

offset, a new display of two red and two black cards appearbx?(1) = 2.96,p < .09], heroin, alcohol or polysubstance

and subjects are asked to select two cards. Subjects perfor#gpendencex? < 1 in each instance). Compared to HtV

areading task during the delay periods to prevent rehearsaubjects the HIV- group scored significantly higher on the

A correct choice consists of the cards differing in color ASI-Drug subscalet[90) = 2.47,p < .05]; reported sig-

from the initial display. Subjects receive no explicit instruc- nificantly more years of drug abusg90) = 2.26,p < .05];

tions regarding the rule governing response selection; priognd reported a marginally significant trend toward fewer

to data collection subjects complete a block of practice tri-days of abstinence since their last drug use [Mann-Whitney

als with no time delay in order to insure they have deduced& = —1.89,p < .06], indicating greater severity of sub-

the rule correctly. stance use among the control group. These findings indi-

cate that any GT deficits shown by the H\subjects could

not be attributed to group differences in drug abuse severity.

Time Delay in Seconds

RESULTS

Participant Characteristics Gambling Task Performance

Table 1 shows demographic data and mean scores on me@e analyzed GT performance using mixed design ANOVA,
sures of comorbid and potentially confounding conditions with serostatus as the between factor and trial block as the
HIV + and HIV— groups did not differ significantly in mean Wwithin factor.

age, education, estimated Verbal 1Q by the AMNART, or Figure 2 shows the mean number of selections from the
scores on the WRAT-IIl Oral Reading, the STAI, or the “bad decks” (risky choices) over five blocks of 20 trials
BDI, t < 1 for each comparison with the exception of the each for the HI- and HIV— groups. We found an expected
BDI [t(90) = 1.53,p =. 13]. There were no significant

group differences for mean scores on measures of comor-

bid personality traits or disordens,> .20 for all tests, with  Table 2. Substance dependence characteristics for participant
the exception of a higher mean score for the controls on thgroups

Sensation Seeking Scalg(91) = 2.39,p < .05]. Thus,

groups were well matched on demographic variables, poten- HIV— HIV+

tial confounds, level of current psychological distress angoubstance use  (n = 47) (n = 46) X P

estimated intellectual function. Cocaine* 85** 94 1.70 19
Heroin 70 65 <1 NS
Alcohol 77 83 <1 NS

Substance Dependence Polysubstance 85 85 <1 NS

Table 2 shows substance dependence characteristics for RV 61 60 <1 NS

two groups. We found no statistically significant differ- «pependence diagnosis by DSM-IV criteria.
ences between HIV and HIV+ groups in prevalence of *All values represent percentages.
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16 covariate. However, these scores were essentially uncorre-
lated = —.08,p > .43), thus obviating the planned analy-
sis of GT scores with working memory scores covaried.
14 1 Additionally, we performed an ANCOVA using DNMS
scores for the 30-s delay only (mean scores for the subject
groups differed maximally for this delay period) but results
12 were unchanged.

# of Risky Choices

0 P DISCUSSION

=¥ Hive We compared the performance of HiVwith HIV — sub-
stance dependent individuals (SDIs) on a simulated gam-
8 ; . . : ; bling task designed to measure decision-making as defined
1 2 3 4 5 by the BechardDamasio model; that is, the process of select-
Trial Block ing a current behavioral response that will optimize future
outcome by maximizing total gain and minimizing losses.
Many SDIs perform this task abnormally compared to nor-
mal controls, and as a group their pattern of impairment
typically resembles that of patients with focal lesions of

L . . ventromedial prefrontal cortex, although SDIs’ defects are
significant linear trend for trial block{(1,89)= 7.42,p < less common and less severe.

.01]; inspection of the means indicated that total risky choices /o anticipated that a positive HIV serostatus might be
decreased over trial blocks. There was also a significantggqciated with increased vulnerability to GT deficits (also
main effect for serostatuf[l,sg)z 4.44,p < .05], indi- known ascognitive impulsivity since abnormal prefrontal
cating that the seronegative group outperformed the serQsg aprg activity is common among both Hi/persons
positive group overall. The Block Serostatus interaction and SDIs (Chang et al., 2001; T. Ernst et al., 2002; Volkow
was nqt .stat|st|c:.;1IIy significang < 1. ) et al., 2001) and HIW subjects show deficits in several
Decision-making total scores (total number of risky yonta) operations that are hypothesized to contribute to GT
choices) did not correlate significantly with scores for SeN-nerformance, such as working memory and response inhi-
sation seeking, socialization, current psychological dis'bition (Hardy & Hinkin, 2002). Our findings confirmed
tress, ADD symptoms or PTSD symptoms.{5<1 <.15  hig prediction: we found that HI¥ SDIs made signifi-
in each instance). cantly more disadvantageous choices on the GT (e.g.,

GT scores did not differ significantly between MV qgjacted significantly more cards from the higher risk, or
subjects with detectableersusundetectable viral load, bad decks) compared with HI controls, indicating a

k<1 We could not compare subjgcts with and without higher level of cognitive impulsivity among the seroposi-
current immunologic AIDS diagnosis because only 5 subs;,,a group.

jects had CD4 lymphocyte cognts below 200. Similarly,. the Our subject groups were well-matched on demographic
very small percentage of subjects who were not receiving,»racteristics, current psychological distress, prevalence
antiretroviral therapy at testing precluded valid compari-¢ hgp—_jv diagnoses of substance dependence, and mea-

sons of GT scores for treated vs untreated patients. HOWg, a5 of comorbid conditions associated with substance
ever, we not_ed _that subjects currently prescribed HAA_RTdependence that can confound cognitive performance,
performed significantly better on the GT compared withjn ey, ding reading disorder, history of ADD, antisocial per-
supjects V\_/ho_vv_ere untreated or prescribed with reverse traré'onality traits, and symptoms of post-traumatic stress dis-
scriptase inhibitors onlyt[39) = 2.13,p < .05]. order. Groups showed significant differences on indices of
drug abuse severity including years of drug abuse and mean
scores on the Addictions Severity Index Drug scale, but in
the direction of greater severity among the seronegative
Using the DNMS findings reported by Martin et al. (2003; subjects. Consequently, the HIV-associated defect in
see Figure 1), we computed an index of overall workingdecision-making cannot be attributed to group differences
memory performance by averaging the three scores obtained years of drug use or ASI scores. However, additional
by each subject on this task (i.e., percent correct responseariables can be used to index substance use severity and
for ISIs of 10, 30, and 60 s). In order to investigate themerit investigation as mediating variables in GT perfor-
association between working memory deficits and impairednance of HI\A- subjects. In this regard, Bechara and Mar-
GT performance we computed the correlation between GTin (2004) reported preliminary observations that GT defects
total scores with averaged working memory scores. Wewvere significantly more common among (seronegative)
intended to perform an analysis of covariance (ANCOVA) methamphetamine dependent subjects (88%) compared to
of GT scores using the working memory index scores as theubjects primarily dependent on alcohol (50%) although

Fig. 2. Mean number of selections from the Gambling Task “bad
decks” by HIV+ and HIV— groups over five trial blocks.

Working Memory and GT Performance
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groups did not differ in demographic characteristics, daygange. It is possible that a comparable pattern of findings is
abstinent or years of drug use. characteristic of HIW SDIs as well. This speculation is
The majority of HIV+ subjects were prescribed with anti- consistent with the extensive literature reporting that cog-
retroviral therapies and very few had AIDS defining CD4 nitive impairment is not invariably present among HtV
counts at testing. These and earlier findings reported by oundividuals and can range in severity from abnormal cogni-
group suggest that some cognitive deficit might persistive performance with no concurrent impairment in daily
despite successful immune restoration (Martin et al., 2003)function to a frank dementia. It is not yet clear if HIV
which would also be consistent with the lack of significant amplifies the mechanisms responsible for impaired decision-
differences we observed in GT performance between-HIV making among HIV- SDIs or affects additional neurocog-
subjects with detectablersusundetectable (plasma) viral nitive components of the decision-making process. Further
load. Additionally, we observed that HR subjects cur- investigation of risk factors for decision making deficits
rently prescribed HAART made significantly fewer risky among HIV+ SDIs is indicated.
card choices compared with subjects not currently pre- It is critical to emphasize that the GT is a multifactorial
scribed HAART. This observation pertains less directly totask with multiple candidate mechanisms of impaired per-
this study’s primary focus and was not investigated in detaiformance. The broader question of cognitive mechanisms
but this finding certainly merits additional study given its of GT performance has been addressed successfully by
possible implications both for treatment effects and cogni-studies that employed variants of the original GT with manip-
tive components of successful adherence with antiretroviralilation of parameters such as schedules and types of
therapy. reinforcement to fractionate decision-making performance.
Our groups’ GT performance pattern across trial blocksPerformance patterns of different clinical groups can be
resembles closely the findings for SDIs reported by Bechardifferentiated using these task variants (Bechara et al., 2002;
etal. (2001). Notably, the demographic and substance abudg¢anes et al., 2002; Ornstein et al., 2000). In addition, evi-
characteristics of the lowa and Chicago samples diffedence suggests that within-group performance can be sub-
markedly (i.e., White alcohol and methamphetamine usertyped according to differing mechanisms of GT performance.
comprised the lowa subject group compared with our prefor example, Bechara et al. (2001) reported that poor GT
dominantly African American heroin and crack cocaine performance could be attributed to insensitivity to future
users). This common pattern of task performance acrossonsequences (“myopia for the future”) among one sub-
drug-using groups is consistent with a central tenet of curgroup of SDIs and to hypersensitivity to reward among
rent neurocognitive models of addictive processes; that isasnother. We are employing Bechara'’s variants of the origi-
that in addition to idiosyncratic effects of each drug, allnal GT currently to determine if HIV* SDIs can also be
drugs of abuse act through a common pathway that includesubtyped according to mechanism of decision-making deficit.
ventral striatum, amygdala, and orbitofrontal cortex (Gold- Carefully designed functional neuroimaging studies also
stein & Volkow, 2002; Volkow & Fowler, 2000). This model have significant potential to investigate underlying neural
implies that users of different drugs might share some comsubstrates of deficits in GT performance among HI8DIs.
mon cognitive defects, and our findings suggest that decisionA recent PET study by Bolla et al. (2003) documented pat-
making might represent one such broadly susceptibléerns of abnormal orbitofrontal and dorsolateral prefrontal
function. activity during GT performance by abstinent cocaine users.
Our subjects’ scores on a delayed nonmatch to samplRecent fMRI studies of cognition in HI¥ subjects have
task did not correlate significantly with GT scores and thusemployed successfully neurocognitive probes of working
we were unable to demonstrate a significant working memimemory (Chang et al., 2001; T. Ernst et al., 2002). Findings
ory component to HIV& subjects’ deficits on the GT. from these studies could be integrated to generate more
However, working memory systems can be stressed bgpecific and testable hypotheses about neural systems under-
manipulating different task parameters such as memory loadying cognitive impulsivity among HIW SDIs.
processing complexity, or time delay between stimulus pre- Functional neuroimaging studies also have the potential
sentation and response choice. Our task manipulated tim® move our understanding of HIV and substance depen-
delay but held the other two parameters constant. The poslence forward by expanding the focus of inquiry to include
sibility that these additional elements of working memorylimbic systems accorded a critical role in addictive pro-
processing contribute to cognitive impulsivity in HiVsub-  cesses, such as ventral striatum and nucleus accumbens.
jects should be investigated further. In this regard, HinsorCarefully designed neurocognitive probes have been
et al. (2002) reported that normal subjects’ GT perfor-employed successfully to differentiate neural circuitry under-
mance was associated significantly with scores on a medying working memory from systems underlying process-
sure that stressed working memory by increasing memorjng of rewards. For example, Pochon et al. (2001) tested
load, suggesting that measures such asntback proce- normal subjects using identical stimuli under conditions that
dure (e.g., Hinkin et al., 2002) might correlate more highlymanipulated either working memory demands or reward
with GT performance. salience. They reported that fMRI identified limbic and
Notably, the lowa group has reported that only a sub-prefrontal cortical brain regions active during working mem-
group of SDIs obtain individual GT scores in the abnormalory performancer in response to changes in reward salience
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or underboth conditions. Investigation of the integrity of Bechara, A. & Martin, E.M. (2004). Impaired decision making

these systems might shed further light on specific mecha- related to working memory deficits in individuals with sub-

nisms of HIV-associated GT deficits among SDIs as well as  stance addictionsleuropsychologyl8, 152-162.

potential additive effects of HIV and drug abuse on cognition Beck, A.T., Ward, C.H., Mendelson, M., & Erbaugh, JK. (1961).
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