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Abstract

HIV+ individuals with and without substance use disorders make significantly poorer decisions 

when information about the probability and magnitude of wins and losses is not available. We 

administered the Game of Dice Task, a measure of decision making under risk that provides this 

information explicitly, to 92 HIV+ and 134 HIV− substance dependent men and women. HIV+ 

participants made significantly poorer decisions compared with HIV− participants, but this deficit 

appeared more prominent among HIV+ women. These data indicate that decision making under 

risk is impaired among HIV+ SDIs. Potential factors for the HIV+ women’s relatively greater 

impairment are discussed.
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The construct of “decision making” can be broadly defined as the process of selecting an 

option with a more favorable expected value (Bechara, Damasio, Tranel, & Damasio, 1997; 

Weller, Levin, Shiv, & Bechara, 2007). Recent findings from neuroeconomics, cognitive 

and clinical neuroscience studies of normal and clinical populations have characterized 

decision making as a dynamic process (Fellows, 2004; Loewenstein, Rick, & Cohen, 2008; 

Sanfey, 2007); the timing, magnitude, expected value, and certainty of reward exert 

significant influence on one’s willingness to take risks (Ernst et al., 2004; Lejuez et al., 

2002; Parker & Weller, 2015), both in the laboratory and the real world (Lejuez, Simmons, 
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Aklin, Daughters, & Dvir, 2004). Similarly, patterns of normal brain activity in medial 

prefrontal cortex, striatum and amygdala vary depending on certainty, expected value, and 

size of reward (Hsu, Bhatt, Adolphs, Tranel, & Camerer, 2005; Xue et al., 2009).

Poor decision making is common among substance dependent individuals (SDIs) (Bechara 

& Damasio, 2002). Vulnerability to impaired decision making is further increased among 

SDIs infected with HIV (Gonzalez et al., 2005; E Martin et al., 2013). Studies by our group 

have demonstrated impaired decision making among HIV+ compared with HIV− SDIs 

using the well-studied Iowa Gambling Task (IGT) introduced by Bechara and his colleagues 

(Bechara, Damasio, Damasio, & Anderson, 1994; Bechara et al., 1997). Briefly, the IGT 

requires the participant to make a series of selections from four virtual card decks over a 

total of 100 trials; each card selection results in a win or loss of some money. The 

participant is instructed to win as much money as possible but receives no additional 

directions. Unbeknownst to the participants the four card decks are associated with different 

probabilities and magnitude of wins and losses. On the early task trials (e.g., the first 20-40 

trials), the IGT engages decision making under ambiguity: no explicit information about the 

likelihood or magnitude of wins or losses is provided to the participant, who must rely on 

self-generated strategies to deduce the optimal pattern of card choices. However, as the task 

progresses, normal participants typically shift their card selections to decks with smaller 

wins but infrequent losses; this strategy results in a winning score. Studies of decision 

making have proposed that the behavioral shift in IGT performance to choices from safer 

decks with smaller wins reflects the gradual engagement of decision making under risk 

(Brand, Recknor, Grabenhorst, & Bechara, 2007). Measures of decision making under risk 

provide explicit information about the likelihood of each outcome, which can guide the 

subject’s choices (Weller, Levin, & Bechara, 2010). By contrast SDIs often fail to shift their 

card selections, continuing to choose cards with large potential wins but larger or more 

frequent losses.

In a recent study of drug using men who have sex with men (MSMs) enrolled in the 

Multicenter AIDS Cohort Study (E Martin et al., 2013), we found that HIV+ SDIs 

performed the IGT more poorly compared with HIV− SDIs, and this performance deficit 

was most evident on the early trial blocks; however, HIV+ and HIV− SDIs performed 

comparably on the Cups Task, a two choice measure of decision making under specified risk 

(Weller et al., 2007). These findings raised the question if impaired decision making among 

HIV+ SDIs was most apparent when they had to rely primarily on self-generated or internal 

strategies with insufficient external information available to guide their choices.

In the current study, we investigated decision making under specified risk among a large 

group of HIV+ and HIV− SDIs using the Game of Dice Task (GDT) (Brand et al., 2005). 

The GDT consists of 18 virtual dice throws with varying amounts of potential wins or 

losses. The GDT resembles the IGT in that participants are instructed to win as much money 

as possible, but only the GDT provides specific information about the likelihood and 

magnitude of wins or losses, which is continuously displayed throughout the task (See 

Figure 1). Brand and his colleagues designed the GDT with the goal of engaging decision 

making while minimizing task demands on learning (Brand et al., 2005). Functional brain 

imaging studies have shown activation in anterior cingulate, lateral prefrontal and parietal 
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cortex during GDT performance (Labudda et al., 2010); by contrast, IGT performance is 

associated with activation in dorsolateral and ventromedial prefrontal cortex, insula, and 

ventral striatum (Li, Lu, D'Argembeau, Ng, & Bechara, 2010) , indicating that performance 

of these tasks engages nonidentical cognitive and neural mechanisms.

The GDT has been administered to a range of normal and clinical populations, including 

individuals with Korsakoff syndrome (Brand et al., 2005), opiate dependence (Brand, Roth-

Bauer, Driessen, & Markowitsch, 2008), and Parkinson disease (Brand et al., 2004). 

Fujiwara and colleagues recently administered the GDT to a small sample of primarily male 

HIV+ individuals with no history of substance use (Fujiwara, Tomlinson, Purdon, Gill, & 

Power, 2015); they reported that HIV+ group made significantly fewer advantageous 

decisions and employed less systematic strategies over task trials compared with healthy 

HIV− controls.

To our knowledge GDT performance has not been investigated among HIV+ SDIs. In the 

current study, we administered the GDT to a newly recruited sample of 226 HIV+ and HIV− 

SDIs.

The primary goal was to build on our previous studies by characterizing decision making 

under specified risk among a larger and more diverse sample of HIV+ and HIV− SDIs. Over 

50% of the current study sample was female, which enabled us to explore potential sex 

differences or interactive effects of sex and HIV serostatus on GDT performance. Decision 

making among HIV+ men and women has not been compared directly, and the available 

literature on decision making among normal participants has yielded mixed results: males 

typically outperform females on the IGT (van den Bos, Homberg, & de Visser, 2013) and on 

the Cups Task (Weller et al., 2010), but there is no evidence of sex differences in GDT 

performance (Brand & Schiebener, 2013).

METHOD

Participants

We tested a group of 110 men and 116 women enrolled in a larger study of sex differences 

in the neurocognitive effects of HIV serostatus and cocaine dependence. The study was 

approved by the IRBs for the Rush University Medical Center, the University of Illinois, and 

the Rothstein Core Center at Stroger (formerly Cook County) Hospital. The sample included 

92 HIV+ and 134 EIA-verified HIV− participants recruited from infectious disease and 

substance abuse programs at RUMC, the University of Illinois at Chicago, the Core Center, 

and from the community. Potential study subjects who met DSM-IV criteria for current or 

previous opioid dependence; dependence on alcohol but no other substances; or with AIDS 

defining or any other CNS illness or injury, including stroke, closed head injury with greater 

than 30 minutes’ loss of consciousness, open head injury of any kind, seizure disorder, 

schizophrenia, or current neuroleptic treatment were excluded from participation. The 

overall sample was 87% African American. 94% of the HIV+ participants were prescribed 

combination antiretroviral therapy (cART). 81% of participants’ HIV RNA levels (viral 

loads) were undetectable with a lower limit of 40. Median CD4 lymphocyte counts at testing 
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were 452 (Interquartile range (IQR) = 305,696) and median nadir CD4 counts were 191 

(IQR = 71,342).

Procedure

Tests administered were part of a larger study protocol administered over two 120-150 

minute visits to the Outpatient Psychiatry Clinic at Rush University Medical Center. Testing 

was conducted by bachelor’s level research assistants under the supervision of the PI 

(EMM), a board certified clinical neuropsychologist. Written informed consent was obtained 

on arrival for the first study visit. On each study visit the participants provided a urine 

sample for on-site rapid toxicology screen for cocaine, cannabis, opioids, benzodiazepines 

and methamphetamines using DrugCheck NxStep kits, and underwent a breathalyzer test to 

ensure abstinence from drugs and alcohol at the time of testing. If a potential participant 

tested positive, the visit was terminated, the participant received no payment, and the visit 

was rescheduled1. All participants were informed of these contingencies prior to the testing 

visit. They received $75 cash compensation for their time and transportation costs at the 

completion of each study visit.

Measures

Clinical and personality measures—Subjects were administered the Wechsler Test of 

Adult Reading (WTAR) (Wechsler, 2001) as an index of educational quality (Maki et al., 

2014; Manly et al., 2011), and a series of paper and pencil measures of potentially 

confounding conditions comorbid with substance use disorders (SUDs). Measures of 

comorbid conditions included the PTSD Check List-Civilian Version (PCLC) (Weathers, 

Keane, & Davidson, 2001); the Wender Utah Rating Scale (WURS) for symptoms of 

Attention Deficit Disorder (Stein et al., 1995); the Affective Disorder Module from the 

Structured Clinical Interview for DSM-IV (SCID-IV) (First, Spitzer, Gibbon, & Williams, 

1995); and the Levenson Self-Report Psychopathy Scale (SRPS) to index antisociality 

(Levenson, Kiehl, & Fitzpatrick, 1995). These measures were administered to determine 

comparability of study groups and as potential covariates.

Substance use—All participants were administered the Substance Abuse Module from 

the Structured Clinical Interview for DSM-IV (SCID-IV) (First et al., 1995) to determine if 

they met criteria for current or previous SUDs; and the Kreek-McHugh-Schluger-Kellogg 

Scale (Kellogg et al., 2003), employed as a proxy of severity of alcohol, cocaine, and opioid 

dependence based on the participant’s estimate of the amount of money spent, time duration, 

and frequency of use during the period of their maximum lifetime use of each substance. A 

subset of 192 participants (84% of the total sample) also completed the Addictions Severity 

Index (McLellan, Luborsky, Woody, & O'Brien, 1980), a standardized measure of severity 

of recent drug and alcohol use.

1These procedures were followed with the single exception that participants who tested positive for cannabis were not excluded if 
testing was negative for all other substances. The presence of THC metabolites in the urine did not necessarily indicate cannabis use 
within 1-2 days prior to testing due to its much longer elimination.
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Game of Dice Task—All subjects completed the English version of the original Game of 

Dice Task (Brand et al., 2005; Brand et al., 2007), an 18-trial computerized measure of 

decision making under specified risk. The GDT stimuli consist of a continuous visual 

display of 14 separate combinations of 1 to 4 dice [see Figure 1]. The participant is informed 

that each dice combination is associated with a win or loss of a specific amount of money. 

The participants are instructed that on each trial a single die will be thrown and they must 

choose one of the 14 possible dice combinations. Explicit information about the amount of 

wins or losses associated with each combination is continuously displayed throughout the 

task. The size of each combination (i.e., the number of dice) indexes the probability of a win 

or loss. Thus, information about the degree of risk – a joint function of the probability and 

amount of wins and losses – is available to the participant. Higher risk choices (e.g. 

selecting a single or two-dice combination) are associated with higher wins but the 

probability of a loss is higher. Conversely, lower-risk choices (3- and 4-dice combinations) 

are associated with a higher probability of winning but a smaller amount of money. The 

dependent variable is a net score (number of low-risk decisions minus number of high-risk 

decisions) that indexes “advantageous” choices based on the degree of risk and amount of 

money won or lost after 18 trials.

Statistical analyses—Demographic, substance use, and comorbidity data were compared 

using one-way analyses of variance (ANOVA) for parametric data, Kruskal-Wallis and 

Mann-Whitney U tests with the z approximation for non-normally distributed data, and chi-

square tests for categorical data. A p value of .05 was employed for all group comparisons. 

Bonferroni-corrected t tests were employed for post-hoc comparisons.

RESULTS

Demographics

Tables 1-2 show demographic, substance dependence and comorbid characteristics for the 

four participant groups. Nonsignificant trends toward group differences were noted for mean 

age, F(3,222) = 2.46, p = .06, with HIV+ women slightly younger than HIV− men; mean 

estimated WTAR IQ scores, F(3,214) = 2.46, p = .06, with slightly lower mean scores for 

HIV+ compared with HIV− women; and a higher percentage of African American 

participants among the HIV− men compared with the other three groups, χ2 (3) = 6.96, p = .

07.

Substance use

There were no significant group differences in prevalence of lifetime DSM-IV diagnoses of 

alcohol, cannabis or cocaine dependence (Alcohol: χ2 (3) = 5.73, p = .13; Cannabis: χ2 (3) = 

3.78, p = .29; Cocaine: χ2 (3) = .32, p = .96). Although opioid dependent individuals were 

excluded from study, we found a significant group difference in mean KMSK Opioid scores, 

omnibus F(3,222) = 8.04, p < .001; post hoc comparisons revealed that mean self-reported 

amount of past opioid use was significantly higher among the HIV− women compared with 

the HIV− men, p < .008, the HIV+ men, p < .001, and the HIV+ women, p = .03. There 

were no significant group differences in mean KMSK scores for severity of peak alcohol, 

F(3,222) = 1.78, p = .159, or cocaine use, F(3,222) = .30, p = .82.
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There were no significant group differences in prevalence of a positive hepatitis C virus 

(HCV) serostatus, χ2 (3) = 4.63, p = .20; history of injection drug use (IDU), χ2 (3) = 5.74, p 

= .12; or history of overdose, χ2 (3) = 2.21, p = .53. A significantly higher percentage of 

HIV+ participants tested positive for THC metabolites on rapid toxicology screening (4% vs 

29%; χ2 (1) = 30.2, p < .0001).

There were significant group differences in mean ASI-Alcohol scores, omnibus F(3,186) = 

5.64, p = .001. Post hoc comparisons revealed that HIV− males scored significantly higher 

compared with HIV− women and HIV+ women (p = .003 for each comparison) with a 

nonsignificant trend toward higher scores compared with HIV+ males (p = .08). There were 

no significant group differences in mean ASI-Drug scores, F(3,186) = .054 p = .98.

Data on the number of days since last use were available for a subset of 162 participants 

(72% of the sample). There were no significant group differences in the median number of 

days since last use of alcohol or opioids, (Alcohol: χ2 (3) = 6.36, p = .10; Opioids, χ2 (3) = 

1.23, p = .75), but there were significant group differences in the number of days since last 

use of cannabis, χ2 (3) = 7.97, p = .05, and cocaine, χ2 (3) = 8.40, p = .04. HIV− men’s last 

use of alcohol was significantly more recent compared with HIV− women, z = −1.95, p = .

05; and HIV+ men had used cocaine significantly more recently compared with HIV− 

women, z = −2.18, p = .03, and with HIV+ women, z = −2.17, p = .05.

Comorbid conditions

Table 2 shows mean scores for each group on measures of comorbid conditions with 

potentially confounding effects. There were no significant group differences in mean scores 

on the SRPS, F(1,225) = .16, p = .92; PCLC, F(3,222) = 1.68, p =.17; or WURS, F(3,220) = 

1.24, p = .30. There were no significant group differences in prevalence of history of Major 

Depressive Disorder, χ2 (3) = 3.28, p = .35.

HIV disease severity

There were no significant group differences between HIV+ men and women in median 

current and nadir CD4 counts (Current: z = − .33, p = .74; Nadir: z = − .84, p = .40); 

undetectable HIV RNA levels, χ2 (1) = 2.34, p = .13; % on cART, χ2 (1) =.09, p = .76; or 

mean scores on the 2010 version of the CNS Penetrance Effectiveness ranking system 

(Letendre et al., 2010), which indexes how effectively each antiretroviral combination 

crosses the blood-brain barrier, F(1,89) = 1.41, p = .24.

Results from these initial comparisons of demographic, substance use, and comorbid 

variables indicated generally satisfactory group matching and no evidence of sex differences 

in HIV disease status.

Game of Dice Task

Net Scores—The GDT computer program provides percentile values for raw GDT net 

scores. We converted percentile scores to z scores in order to employ parametric tests, then 

transformed z values to T scores so that all values were non-negative. We computed a series 

of Pearson correlations between GDT T scores and age, ethnicity, WTAR IQ estimate, and 
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THC+ tox screen for use as potential covariates; none of the correlations was significant (p 

≥ .09 for all tests).

Figure 2 shows the mean T scores for the four participant groups. A Sex × HIV Serostatus 

factorial analysis of variance (ANOVA) revealed a significant main effect for HIV 

Serostatus, F(1, 221) = 6.54, p = .01, Cohen’s d = .35, and inspection of the means showed 

that HIV+ participants scored significantly lower compared with HIV− groups. 

Additionally, we found a significant Sex × HIV Serostatus interaction, F(1,221) = 5.30, p = .

02, partial η2 =.023. Follow up tests of the interaction revealed that the HIV+ women scored 

significantly lower compared with the HIV− women, p = .01, Cohen’s d = −.74, and showed 

a nonsignificant trend toward lower mean scores compared with HIV+ men, p = .06, 

Cohen’s d = −.33.

Degree of Risk—In order to obtain a finer grained measure of risk taking among the 

groups we compared each participant’s total number of single-die (highest risk) and four-

dice (lowest risk) selections using a Risk × Sex × HIV Serostatus mixed design ANOVA. 

The analysis revealed a significant Risk × Sex × HIV Serostatus interaction, F(1,220) = 

5.19, p = .02, partial η2 = .023. Tests of the interaction revealed that HIV+ participants 

selected significantly more high risk combinations compared with HIV− participants, p = .

02, Cohen’s d = .33; the HIV+ women also selected significantly fewer low risk 

combinations compared with HIV− women, p = .01, Cohen’s d = −.56, and HIV+ men, p = .

05, Cohen’s d = −.39.

Substance use and HIV Disease—There were no significant group differences in mean 

GDT net scores among individuals with and without a history of alcohol or cannabis 

dependence, urine toxicology screen positive for THC metabolites, or positive hepatitis C 

virus (HCV) serostatus, p ≥.39 for each test.

A recent study from the Women’s Interagency HIV Study (WIHS) reported that recent 

cocaine use was associated with poorer cognitive performance among HIV+ women but not 

HIV− women (V Meyer et al., 2013). We compared GDT T scores of HIV+ and HIV− SDIs 

who had used cocaine within the previous six months with those who reported using more 

than six months prior to testing2. We found a nonsignificant trend for the HIV Serostatus × 

6 Months Cocaine Use interaction, F(1,142) = 2.98, p = .09, partial η2 = .02, with the lowest 

mean GDT scores obtained by the HIV+ SDIs who had used cocaine within 6 months, 

Cohen’s d = .36.

There were no significant differences in mean GDT T scores between HIV+ individuals with 

and without a current or lifetime immunologic AIDS diagnosis (i.e. CD4 < 200), or 

undetectable viral load, p ≥ .26 for all tests. However, we found a significant inverse 

correlation between mean net GDT T-scores and mean CPE total scores, Spearman’s ρ = −.

24, p = .03.

2The n for one cell was too small for a full Sex × HIV Serostatus × 6 Month Cocaine Use analysis
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DISCUSSION

Individuals infected with HIV typically make significantly fewer optimal choices compared 

with HIV− individuals when they are given minimal or no information about the degree of 

risk, e.g., the probability and magnitude of a potential win or loss associated with each 

choice (E Martin et al., 2013). This effect can be detected among HIV+ individuals with and 

without a history of substance dependence (Hardy, Hinkin, Levine, Castellon, & Lam, 2006; 

Iudicello et al., 2013; E Martin et al., 2004; Thames et al., 2012). In a recent study of HIV 

effects on decision making among substance-using men who have sex with men (MSMs) (E 

Martin et al., 2013) we found that HIV+ SDIs showed significantly impaired performance 

on the IGT compared to HIV− SDIs, particularly on the early trials when decision making 

under ambiguity is most prominently engaged; but performed virtually identically to HIV− 

SDIs on the Cups Task, a measure of decision making under risk that provides explicit 

information about the likelihood and magnitude of potential wins and losses. We speculated 

that the process of making an optimal choice by HIV+ SDIs might be critically dependent on 

their access to explicit information regarding degree of risk associated with each choice. In 

the current study we tested this hypothesis with a larger group of HIV+ and HIV− SDIs 

using the Game of Dice Task (GDT), which provides information sufficient for the 

participant to infer the probability and magnitude of a win or loss associated with each 

potential selection.

We found that HIV+ SDIs obtained significantly lower GDT net scores, indicating they 

selected more high risk choices overall compared with HIV− SDIs. However, the HIV+ 

participants’ GDT impairment appeared driven primarily by the poorer performance of the 

HIV+ women, as indexed by a statistically significant Sex × HIV Serostatus interaction. 

Similarly, a breakout of GDT scores by the degree of risk associated with each choice 

showed that HIV+ men and women made significantly more single-die (highest risk) 

selections; but only the HIV+ women made significantly fewer four-dice (lowest risk) 

choices compared with HIV− SDIs. The groups had comparable demographic characteristics 

and substance abuse-related comorbidities. Self-reported heroin use was significantly greater 

among HIV− women and alcohol use was significantly higher among HIV− men, suggesting 

that the HIV+ participants’ GDT deficits could not be attributed to nonspecific group 

differences in addiction severity. This suggestion is consistent with Fujiwara and colleagues’ 

report (Fujiwara et al., 2015) that GDT performance was poorer among a sample of 

primarily white male HIV+ individuals with no history of substance use or other comorbid 

disorders compared with healthy controls.

Our finding of a significant Sex × HIV Serostatus interaction is atypical compared with 

studies of GDT performance among non-clinical populations, which have shown no 

evidence of sex differences (Brand & Schiebener, 2013; Schiebener & Brand, 2015); 

however, the finding that GDT performance appears less impaired among HIV+ men than 

HIV+ women is consistent with previous reports by our group (E. Martin, Gonzalez, 

Vassileva, & Maki, 2011) that HIV+ women performed measures of probability and motor 

skill learning significantly more poorly than HIV− women, but HIV+ and HIV− men 

showed no differences in performance. Our findings are also compatible with Weller et al.’s 

report that normal men outperformed women on the Cups Task (Weller et al., 2010)
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Additional cognitive mechanisms may have contributed to the HIV+ groups’ poorer 

performance on the GDT. Recent studies by Brand and his colleagues (Brand, Schiebener, 

Pertl, & Delazer, 2014) reported significant correlations between mathematical skills and 

GDT performance. Additionally, although the GDT provides explicit information that the 

participant can employ to deduce the exact probability that a specific dice combination will 

occur, this operation requires online mental processing, which will engage working memory 

mechanisms. HIV+ SDIs have shown reliable working memory deficits across a range of 

studies (Bartok et al., 1997; Farinpour et al., 2000). This interpretation is consistent with 

recent reports (Schiebener et al., 2014) of strong correlations between executive functions 

(executive control, in particular) and the GDT. Studies of working memory are currently in 

progress with this cohort, so data will be available to investigate the potential contribution of 

working memory to GDT performance. In this regard the addictions treatment literature has 

shown that working memory can be modified (Bechara, 2004; Wesley & Bickel, 2014), 

raising the question if newly designed cognitive rehabilitation strategies might confer 

additional benefit on HIV+ SDIs.

Approximately 75-80% of our sample met criteria for cocaine abuse or dependence. Studies 

from the addictions literature have shown that women are more vulnerable to development 

of stimulant addiction compared to men (Wetherington, 2007); further, data from the 

Women’s Interagency HIV Study (WIHS) have shown that disease progression is faster and 

neurocognitive risk is increased specifically by crack use among HIV+ women (Cook et al., 

2008; V Meyer et al., 2013; V. Meyer et al., 2014). We observed a trend toward poorer GDT 

performance among HIV+ SDIs who had used cocaine within the last six months compared 

with other participant groups: this finding is compatible with Meyer and colleagues’ (V 

Meyer et al., 2013) report that recent (but not lifetime) crack use was associated with 

significantly greater neurocognitive impairment among HIV+ but not HIV− women. 

However, our sample size did not permit analysis of potential sex differences in the 

interaction of HIV Serostatus with Recent Cocaine Use. Increased sample sizes will provide 

greater power for tests of this interaction, which would also permit us to investigate if the 

effect is sex-specific.

We previously speculated that decision making under risk among HIV+ SDIs might be 

relatively less impaired compared with decision making under ambiguity. The current data 

provide partial support for this hypothesis, although the effect was more apparent among 

HIV+ men. This study did not include the IGT or other measures of decision making with an 

ambiguity component, thus administration of the IGT with the GDT to a new group of male 

and female HIV+ and HIV− SDIs is required for a direct test of this hypothesis. We also 

note that this speculation was generated on the basis of an all-male study of decision making 

by HIV+ and HIV− substance using MSMs and may not generalize to HIV+ women. This 

possibility is consistent with a recent report by Vassileva and colleagues (Vassileva et al., 

2013), who administered the IGT to HIV+ and HIV− women with and without a substance 

abuse history. They found no significant main effects for either HIV serostatus or substance 

use on behavioral performance of the IGT; additionally, both HIV− and HIV+ groups failed 

to show consistent improvement in performance over trial blocks3, which is commonly 

observed among HIV+ and HIV− men. A recent study by Sutterer and his colleagues 

(Sutterer, Koscik, & Tranel, 2015) provides additional support for the critical importance of 
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detailed characterization of both men and women’s decision capacity. Sutterer reported that 

compared with normal controls, greater risk aversion was shown by men with lesions of the 

right ventromedial prefrontal cortex (vmPFC) and women with left vmPFC lesions. This 

pattern was not observed among men with left vmPFC or women with right vmPFC lesions.

Results of the current study are limited by our use of the original GDT, which automatically 

assigns a negative score to higher risk choices. Brand and his colleagues have since 

introduced an updated version of the GDT, the Game of Dice Task-Double (GDT-Double) , 

which has been modified to reflect that some risky decisions result in positive outcomes 

under real world conditions (cf (Weller et al., 2007). Additionally, potential mechanisms of 

male and female HIV+ SDIs’ impairment in decision making under risk must be 

characterized more precisely with careful attention to specific task parameters. As an 

example, unlike the GDT, the Cups Task tests win- and loss-related decisions on separate 

trials, activates a dissimilar neural network (Xue et al., 2009) and shows a male advantage 

among normal subjects, suggesting that these tasks engage different mechanisms of decision 

making under risk.

The current findings are also limited by the relatively small number of HIV+ women (n = 

32): however, neurocognitive studies with a larger group of HIV+ women are currently in 

progress in our lab, which will permit investigation of more detailed neurocognitive 

mechanisms, as well as possible risk factors for decision making deficits. Larger sample 

sizes will also permit more specific investigation of the association of recent substance use 

(particularly cocaine) with decision making among HIV+ and HIV− men and women.

We found a significant inverse correlation between GDT and CPE scores, indicating that 

individuals treated with highly CNS-penetrant antiretroviral compounds performed the GDT 

more poorly. The significance of this incidental finding is unclear in the absence of 

longitudinal data, although compatible with reports of neurotoxic effects among highly CNS 

penetrant antiretroviral compounds (Robertson, Liner, & Meeker, 2012; Wilson, Martin-

Engel, Vassileva, Gonzalez, & Martin, 2013).

The HIV literature has suggested that impaired decision making may influence both high 

risk sexual practices and level of adherence with antiretroviral therapy (Gonzalez et al., 

2005; Iudicello et al., 2013; Wardle, Gonzalez, Bechara, & Martin-Thormeyer, 2010). 

Additionally, as individuals live longer with HIV/AIDS the capacity to participate 

effectively in health care decisions and live independently will be critically dependent on the 

integrity of decision making processes. Potential sex-specific characteristics of decision 

making will also require more detailed investigation.
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Figure 1. 
Stimulus display for the Game of Dice Task.
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Figure 2. 
Mean T scores for overall GDT net scores for each group.
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Figure 3. 
Mean number of high-risk and low-risk dice combinations for each group.
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Table 1

Demographic, HIV disease severity and comorbidity characteristics for all participants

HIV−Men HIV+Men HIV− Women HIV+Women Statistic p

Demographics

n 50 60 84 32

Age 50.4 (5.2) 47.8 (7.8) 47.9 (8.8) 45.8 (8.7) 2.46 .06

WTAR 89.5 (11.2) 89.4 (10.9) 89.9 (10.4) 84.2 (7.8) 2.46 .06

%African American 96 83 80 88 8.95 .07

% HCV+ 6 21 14 14 4.6 .20

HIV Disease

Mean CPE scores 7.8 (2.5) 7.2 (2.5) 1.26 .26

Md Current CD4 449 491 −.33 .74

Md Nadir CD4 188 199 −.84 .40

% Undetectable VL 76 90 2.34 .13

% cART 95 94 .08 .77

Comorbidities

% MDD 22 32 36 38 3.3 .35

PCLC 35.3 (14.0) 34.4 (13.5) 38.8 (14.3) 39.3 (14.9) 1.68 .17

WURS 25.3 (18.5) 30.8 (20.8) 29.8 (22.1) 34.1 (21.5) 1.24 .30

SRPS 49.7 (20.2) 50.1 (10.5) 49.6 (10.2) 51.0 (10.2) .16 .92

Note. All values represent mean scores unless otherwise indicated.

Note. WTAR = Wechsler Test of Adult Reading; HCV = hepatitis C virus; CPE = CNS Penetration Effectiveness; PCLC = PTSD Check List – 
Civilian version; WURS = Wender Utah Rating Scale; SRPS = Self Report Psychopathy Scale.
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Table 2

Substance Use Characteristics

HIV−Men HIV+Men HIV− Women HIV+ Women Statistic p

Mean ASI Scores (n=190)

 Alcohol .12 (.20) .06 (.11) .04 (.10) .01 (.06) 5.47 .001

 Drug .02 (.06) .02 (.06) .03 (.05) .02 (.06) .09 .97

Mean KMSK Scores

 Alcohol 11.1 (2.8) 11.0 (2.5) 10.1 (3.5) 11.1 (2.8) 1.77 .15

 Cocaine 12.7(5.1) 13.4 (4.3) 12.6 (5.0) 12.5 (5.5) 0.30 .82

 Heroin 2.2 (3.8) 1.4 (2.8) 4.5 (5.2) 2.1 (3.6) 8.0 .0001

% DSM-IV Dependence

 Alcohol 54 63 50 72 5.73 .13

 Cannabis 38 44 37 28 3.26 .35

 Cocaine 72 70 70 75 .32 .96

Md Days Since Last Use

 Alcohol 14 68 331 220 6.36 .10

 Cannabis 4018 1096 1292 1461 8.0 .05

 Cocaine 447 476 1461 1826 8.4 .04

 Heroin 444 1461 608 1194 1.23 .75

% Use Past 6 Months

 Alcohol 63 63 44 43 5.95 .11

 Cannabis 11 26 15 15 2.97 .40

 Cocaine 30 38 18 10 7.15 .07

 Heroin 22 17 14 0 .88 .83

% IDU 4 18 14 9 5.7 .12

% OD 10 10 16 19 2.2 .53

Note. ASI = Addiction Severity Index; KMSK = Kreek-McHugh-Schluger-Kellogg scale; IDU = injection drug use.
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