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ABSTRACT 

HIV infection can be characterized as a brain disease with 47 percent of infected 

patients experiencing neurocognitive disorders. MRI studies of HIV patients reveal 

alterations in gray and white matter. Individuals addicted to stimulant drug use like 

cocaine are at high risk for engaging in sexual behaviors that contribute to acquisition of 

HIV. Cocaine dependence and HIV infections each disrupt neural circuits that regulate 

executive functions involved in decision making. The present study investigated the 

effects of cocaine dependence and HIV infection on neural activity in response to the 

valuation of potential gains in the context of unknown and known risks. The study 

looked at 76 participants across four groups varying in HIV status and cocaine 

dependence. In an fMRI scanner, participants were presented with pairs of gambles and 

were required to choose their preference. The behavioral results show that there were 

no significant differences between groups in their likelihood to select uncertain choices 

and their reaction times. Imaging results demonstrate increased activation for 

ambiguous > risky decisions throughout the lingual gyrus and occipital cortex for all four 

groups. There is bilateral activation in the inferior (IFG) and middle frontal gyrus (MFG) 

for the control group, which is not seen in either cocaine-dependent or HIV-positive 

groups. Both cocaine-dependent groups show only left IFG and MFG activity, and the 

non-cocaine-using HIV-positive group shows no activation in the IFG or MFG. The 

control group seems overall to have broader activation than the other groups, 

demonstrated by increased cluster sizes. Analysis of group effects should be conducted 

to evaluate potential statistical differences between groups. 
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1. INTRODUCTION 

Illicit drug use is a major health problem around the world. In 2014, 247 million 

people between the age of 15 and 64 years used at least one drug (opiates, cocaine 

cannabis, amphetamines, and psychoactive substances) and 29 million people suffered 

from a drug use disorder (United Nations Office on Drugs and Crime, 2016). Although 

cannabis is the most commonly used drug, cocaine use has remained prevalent with an 

estimated 18.3 million people using it worldwide in 2014 (United Nations Office on 

Drugs and Crime, 2016). 

In addition to the global drug use problem, HIV infection is a major health 

problem around the world. Globally, 36.7 million people are living with HIV and there 

were 2.1 million new infections in 2015 (UNAIDS, 2016). 

Individuals addicted to stimulant drugs, like cocaine, are more likely to exhibit 

riskier sexual behavior that can contribute to the acquisition of sexually transmitted 

diseases, like HIV. In one study, homosexual men living with HIV who use cocaine and 

other recreational drugs were more likely to participate in condom-less sex than 

homosexual men living with HIV who do not use recreational drugs (Daskalopoulou, 

2014). With the concomitant connection between drug use and STDs, persons infected 

with HIV are significantly more likely to abuse drugs. Specifically, HIV+ persons are 17 

times more likely to use cocaine than HIV- persons (Mimiaga, 2013; SAMHSA, 2016). 

Consumption of recreational drugs among people living with HIV can lead to a 

lack of adherence to antiretroviral therapy. This non-adherence can be due to a lack of 

disease awareness, disruption of daily routine, and impairment of cognition (Halkitis, 
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2008). In addition, potential toxic effects between recreational drugs and antiretroviral 

therapy can cause an aversion to adhere to the ARV medication (Bracchi, 2015). 

 At a synaptic level, cocaine is a dopamine transporter inhibitor, which prevents 

the reuptake and recycling of dopamine at the synaptic cleft and therefore increases the 

extracellular presence of dopamine, the neurotransmitter responsible for reward and 

motivation, among other functions. Specifically, increased dopamine is observed in the 

ventral tegmental area (VTA), known as one of the reward centers of the brain (Verma, 

2015). 

 In resting state fMRI, the presence of cocaine increases brain activity in the 

striatum, which includes the nucleus accumbens (Volkow, 2011). Additionally, the mere 

presence of cocaine also induces fMRI focal signal increases in the caudate, putamen, 

basal forebrain, thalamus, insula, hippocampus, parahippocampal gyrus, cingulate, 

lateral prefrontal and temporal cortices, parietal cortex, striate/extrastriate cortices, 

central tegmentum, and pons. Decreased activity is observed in the amygdala, temporal 

pole, and medial frontal cortex (Breiter, 1997).  

 Aside from the short-term effects of the presence of cocaine, long term usage 

can have permanent effects on the glutamate pathway. In animal models, chronic 

exposure can affect the amount of glutamate released and the amount of receptor 

proteins throughout the reward pathway, specifically in the nucleus accumbens 

(Schmidt, 2010). Animals that have repeatedly received the drug are more likely to seek 

the drug in response to stress, and as use continues, the drug-seeking stress response 

increases (Mantsch, 2014). Cocaine-seeking behavior caused by neuroadaptations in 

the mesocorticolimbic dopamine system is hypothesized to cause increased sensitivity 
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to cocaine-related cues, unusual habit-like behavior, increased vulnerability to relapse, 

and impulsive decision-making (Everitt, 2002; Jentsch, 1999; Volkow, 2000; 

Vanderschuren, 2004; Deroche-Gamonet, 2004; Shaham, 2005). Structurally, cocaine 

users see decreased gray matter volume in the orbitofrontal cortex (Franklin, 2002; 

O’Neill, 2001; Ersche, 2011). A correlation has been shown between cocaine 

dependence duration and gray matter volume reduction (Ersche, 2011). A reduction in 

frontal white matter integrity has been observed as well among stimulant users (Volkow, 

1988; O’Neill, 2001; Lyoo, 2004). 

 As expected, continued presence of the drug has detrimental cognitive effects. 

Cocaine users demonstrate abnormal decision-making behavior, shown in their 

continued use of this damaging substance. The faulty decision-making behavior of 

cocaine abusers is demonstrated by dysfunction of certain brain areas during decision-

making tasks. Specifically, there is greater activation in the right orbitofrontal cortex and 

less activation in the right dorsolateral prefrontal cortex and left medial prefrontal cortex 

(Bolla, 2003). 

In addition to the impairment caused by stimulant drug addiction, HIV also can 

cause neurocognitive and functional impairment. Although it is often discussed as an 

autoimmune disease that has adverse effects on many biological systems in the human 

body, HIV can cross the blood-brain barrier within days of infection and result in 

neurocognitive impairment, which is seen in 40 percent of those with symptomatic HIV. 

HIV-associated neurocognitive disorders (HAND) can range from subtle 

neuropsychological impairments to crippling dementia, and can be observed in both 

AIDS and asymptomatic HIV (Heaton, 1995). The presence of combined antiretroviral 
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therapy (CART) has drastically improved medical morbidity and life expectancy among 

HIV+ patients as well as reduced the rate of HIV-associated dementia (Dore, 2003). 

However, the effects of CART on less-disabling HAND has been minimal (Heaton, 

2011). 

In addition to behavioral consequences, HIV also has been shown to reduce 

white matter integrity throughout the brain and cause atrophy in the cerebral cortex and 

striatum (Cohen, 2010). Like cocaine users, HIV+ persons also demonstrate riskier 

decision-making (Hardy, 2006). In the face of monetary decisions, HIV+ persons see 

increased brain activity during easy decisions, where there is hyperactivity in the 

prefrontal cortex (PFC) and posterior parietal (PPC) regions. This demonstrates the 

compensatory theory that states that the brain needs to recruit reserve neural resources 

in order to compensate for the reduced neural resources due to atrophy of grey matter 

and decreased white matter integrity (Meade, 2016). As the disease progresses and the 

CD4 cell count decreases, there is increased activation within the prefrontal regions 

(Meade, 2016). 

 Both cocaine use and HIV infection independently affect cognitive function. 

Information processing, executive functioning, and attention are all affected by both 

cocaine use and HIV infection (Meade, 2015). Moreover, there is an interaction effect 

between these two conditions: HIV and cocaine have additive effects on information 

processing (Meade, 2015). This effect can demonstrate that HIV+ cocaine users may be 

especially vulnerable to decision-making deficits that involve complex processes, like 

processing of information and computation. 
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Decisions can usually be categorized into risky (uncertainty with known 

probabilities) and ambiguous (uncertainty with unknown probabilities) decisions. Most 

decisions occur in the presence of unknown uncertainty, given that there are normally 

not well-defined or predictable probabilities when evaluating possible outcomes. 

Ambiguous decision-making does not represent a special, more complex case of risky 

decision-making. Instead, these two types of uncertainty utilize distinct mechanisms. 

Ambiguity preference represents activation of the lateral prefrontal cortex, whereas risk 

preference represents activation of the posterior parietal cortex (Huettel, 2006). A meta-

analysis of risky and ambiguous decision-making has shown that ambiguous decision-

making is associated with activity in the dorsolateral prefrontal cortex, parietal cortex, 

and areas of the subcallosal and dorsal anterior cingulate cortex (Kain, 2005). This 

meta-analysis further showed that risky decision-making is associated with activity in 

the orbitofrontal cortices, rostral regions of the ACC, and parietal cortex. This further 

demonstrates the dissociation of neural networks underlying ambiguity and risk. 

This study investigated the effects of cocaine dependence and HIV infection on 

neural activity in response to the valuation of potential gains in the context of unknown 

and known risks. This study aims to asses ambiguous>risky brain activity during 

decision-making, identify potential behavioral differences between HIV and cocaine 

samples, and identify the independent and interacting effects of HIV and cocaine during 

ambiguous decision-making. Due to findings from previous studies, it is hypothesized 

that for the control group for ambiguous>risky there will be observed hyper-activity in 

the dorsolateral prefrontal cortex, the dorsal and subcallosal regions of the anterior 

cingulate cortex, the precuneus, and the right inferior parietal cortex. Upon conducting 



Hartley 

8 
 

group effects analysis, it is hypothesized that these regions will show heightened activity 

in the three non-control groups relative to the control group, potentially demonstrating a 

need to compensate for the inherent neurological deficits caused by HIV infection and 

cocaine dependence. 

2. METHODS 

2.1 Participants 

This study enrolled adults aged 18-55 years who varied in HIV status and 

cocaine dependence. All participants were fluent and literate in English. HIV status was 

verified by medical record review or with an OraQuick© rapid HIV test. Those with an 

HIV-positive status must test positive for HIV, have been diagnosed ≥3 months, and are 

on a stable ARV regimen or clinically stable without ARV. For cocaine dependent 

participants, they must have a lifetime cocaine dependence, ≥1 year regular lifetime use 

of cocaine, and either had a cocaine positive urine drug screen or ≥4 days of cocaine 

use in the past 30 days. Non-cocaine dependent participants must have had no history 

of lifetime cocaine dependence or regular cocaine use and pass a urine drug screen. 

In this case-control study, the brain activity of 76 adults was examined. Exclusion 

criteria were:  <9th grade education; severe learning disability; serious neurological 

disorders; acute opportunistic brain infections or a history of such infections without 

return to normal cognition; severe head trauma with loss of consciousness >30 minutes 

and persistent functional decline; severe mental illness (psychotic or mood disorders 

that caused serious distress and persistent interference in social or occupational 

functioning, such as schizophrenia or bipolar I); current use of antipsychotic or mood 

stabilizing medications; any substance use in the past month or history of regular 
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substance use, with the exception of alcohol, marijuana, or nicotine; current alcohol or 

marijuana use disorder; MRI contraindications; and impaired mental status.  

2.2 Procedures 

Participants were recruited via advertisements in local newspapers, websites, 

community-based organizations, and infectious diseases clinics. After completing a 

telephone screen, potentially eligible individuals were invited for an in-person screening. 

Eligible participants returned on another day for an assessment that included an MRI 

scan. All procedures were approved by the institutional review boards at Duke 

University Health System and University of North Carolina at Chapel Hill.  

2.3 Measures 

Screening. Participants completed a brief telephone pre-screening. Potentially 

eligible participants were invited to complete a 2-3 hour in-person screening. After 

providing written informed consent, participants completed structured clinical interviews 

to assess substance abuse, mental health, and medical history. The Addiction Severity 

Index-Lite assessed lifetime substance use and associated impairments, as well as 

socio-economic factors (e.g., past month income). The Mini International 

Neuropsychiatric Interview identified serious psychiatric disorders, including bipolar and 

psychotic disorders. Module E of the Structured Clinical Interview for DSM-IV-TR 

identified current and past substance use disorders. A Brain Imaging and Analysis 

Center MRI safety form identified the eligibility of the participants to undergo an fMRI 

scanning session. A Veterans Aging Cohort Study (VACS) patient questionnaire 

identified any conflicting pre-existing conditions. 



Hartley 

10 
 

Biological testing was conducted, which included a urine drug screen to 

corroborate self-reports of recent drug use, pregnancy tests for women, and a rapid oral 

HIC test for participants without a confirmed HIV diagnosis. Participants provided a 

release for their medical records, which were used to determine HIV and hepatitis C 

status and, if applicable, HIV disease indicators (e.g., CD4 cell counts, opportunistic 

infections) and treatment. Participants were escorted to the Brain Imaging and Analysis 

Center (BIAC), where they were introduced to the experimental procedures and had a 

20-minute mock MRI session in an MRI simulator system. This helped alleviate anxiety 

associated with MRI scanning and provided an opportunity to identify participants with 

physical or psychological contraindications (e.g., claustrophobia). Participants were 

compensated $35 for the screening, regardless of eligibility. 

 Assessment. Eligible participants returned on a separate day for a 4-hour visit 

that included a behavioral risk assessment, MRI scanning, other decision-making tasks, 

and neuropsychological testing. A Risk Assessment Battery was performed to identify 

sexual practices. A timeline follow-back summary was conducted to assess substance 

abuse behavior of the past 3 months. All measures were selected because of their 

strong psychometric properties and published norms. Trained research assistants 

administered clinical interviews and neuropsychological tests.  

Additional questionnaires that assessed sensation seeking, trait impulsivity, 

psychiatric distress, nicotine dependence, problem gambling, HIV symptoms, and 

antiretroviral medical adherence were administered using audio computer-assisted self-

interview (ACASI) technology. Participants completed the Balloon Analogue Risk Task, 

a risk-taking measure that involves inflating 30 virtual balloons that pop after an 
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unpredictable number of pumps. Risk-taking propensity is defined as the average 

pumps on un-popped balloons. Additionally, participants underwent the Iowa Gambling 

Task to assess gambling behavior. Also, a monetary choice questionnaire was 

administered to evaluate delayed discounting preferences. Additional assessments 

were administered to assess cognitive abilities (Hopkins Verbal Learning Test-Revised, 

Stroop test, grooved pegboard test, PASAT counting task, trail making task). Other 

assessments included an impulsivity scale, grief symptom inventory, visual analogue 

scale, South Oaks Gambling Screen, and Zuckerman Sensation Seeking Scale. 

Participants were compensated $85 for the assessment (plus a $15 bonus if they 

remained sufficiently motionless during scanning). 

2.4 fMRI task 

Participants were presented with pairs of gambles and were required to choose 

their preference. There were 3 types of gambles represented as one monetary value: 

certain, with a 100% probability; risky, with an associated probability (25%, 50%, or 

75%); and ambiguous, with an unknown probability ranging from 1% to 99%. For each 

trial there were two possible combinations of gambles: Risky-Certain and Ambiguous-

Certain. After the participant made their selection by pressing a button on a response 

pad, a square appeared around the selected gamble.  

The scanning session consisted of three runs of 40 trials each (120 trials total). 

There were 96 risky-certain trials (32 of each probability) and 24 ambiguous-certain 

trials. Probabilities and rewards values varied across trials. The expected values for 

each uncertain (risky or ambiguous) gamble ranged from $1.50 to $36. The certain 

values ranged from $3 to $6. Each trial included the choice presentation and selection 
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(5s), and a variable inter-trial interval (ITI) ranging from 1.97 to 4.89s (M= 2.7s). They 

could respond (select) immediately. A crosshair was displayed during the ITI. Each run 

lasted approximately 6.1 minutes. The trials were presented in a random order. One 

gamble was randomly selected after the task was completed, and their choice on that 

trial was honored (up to $5).  

 

Figure 1. Visual representation of the decision types 

 
 

Figure 2. Task design example 
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2.5 MRI data acquisition 

Imaging was performed on a 3T General Electric Signa EXCITE HD scanner 

(Milwaukee, WI) equipped with 40 mT/m gradients and an 8-channel head coil. Whole-

brain BOLD images were collected using high-throughput T2*-weighted echo-planar 

imaging with the following parameters: TR= 2000ms; TE= 25ms; FOV= 24.0cm; flip 

angle= 90°; in-plane matrix size= 64 x 64; and slice thickness= 3.80mm. This resulted in 

functional data from 35 axial slices with voxels of 3.75mm x 3.75mm x 3.80mm. High-

resolution T1-weighted structural images were acquired with the following parameters: 

TR= 8.156ms; TE= 3.18ms; FOV= 25.6cm; flip angle= 12°; in-plane matrix size= 256 x 

256; slice thickness= 1mm; and number of slices= 166. These images were collected as 

part of a 90-minute scanning session.  

2.6 Quality control  

A total of 81 participants completed the experiment. Four participants were 

excluded for missing >25% of trials. An additional participant was excluded for 

excessive motion in the scanner. This participant had relative mean displacement 

greater than 0.3mm. Of these five exclusions, two were COC-/HIV+, one was 

COC+/HIV+, and two were COC+/HIV-. 

2.7 fMRI data analysis 

All imaging data were processed using FSL 5.0.1 (FMRIB Software Library, 

Oxford, UK) (Smith, 2004). Functional images were corrected for motion (MCFLIRT) 

and slice timing, spatially smoothed using a 5-mm FWHM Gaussian kernel, and high-

pass temporal filtered. Functional images were first aligned to the high-resolution T1-

weighted main structural image [full search linear registration, 12 degrees of freedom 
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(DOF)] and then to MNI152 standard space (normal search nonlinear registration, 12 

DOF, 10mm warp resolution) (Jenkinson, Bannister, Brady, & Smith, 2002; Jenkinson & 

Smith, 2001). A mixed effect general linear model with FLAME 1 was run to look at the 

independent and interacting effects of HIV and cocaine on BOLD signaling for the 

ambiguous>risky contrast. A fixed effect 1-sample T-test (single group average) was 

performed to examine group means for the ambiguous>risky contrast. 

3. RESULTS 

3.1 Participant characteristics 

 The study consisted of 76 participants, split between four study groups: 17 

COC+/HIV+ (cocaine dependence and HIV-positive), 19 COC+/HIV- (cocaine 

dependence and HIV-negative), 19 COC-/HIV+ (no cocaine use and HIV-positive), and 

21 COC-/HIV- (no cocaine use and HIV-negative). There were no significant group 

differences in gender, race, education, marital status, income, health insurance status, 

premorbid verbal IQ, and cognitive deficit scores. Among the cocaine dependent 

groups, there were no significant group differences in cocaine use. Among HIV-positive 

groups, there were no significant group differences among CD4 cell counts and years 

since diagnosis. However, there were significant group differences between sexuality, 

homelessness history, and age. 
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Table 1. Participant Characteristics (N=76) 

 

 

3.2 Behavioral performance 

 The proportion of uncertain choices made on both the risky-certain trials and the 

ambiguous-certain trials was calculated and compared between groups. There were no 

significant group differences in the groups’ likelihood to select the uncertain option on 

either the risky-certain trials or the ambiguous-certain trials. The time it took to make a 

 COC+/HIV
+  

(n = 17) 

COC+/HIV-  
(n = 19) 

COC-/HIV+ 
(n = 19) 

COC-/HIV- 
(n = 21) 

 

 N (%) or M 
(SD) 

N (%) or M 
(SD) 

N (%) or M 
(SD) 

N (%) or M (SD) Test statistic 

Female, N (%) 4 (24) 8 (40) 7 (37) 7 (33) 2(3)=1.23 

African American, N (%)  16 (94) 16 (80) 15 (79) 15 (71) 2(9)=7.91 

Age (years), M (SD) 49 (6.6) 45 (7.3) 43 (8.3) 42 (8.8) F(3)=2.73* 

Years of education, M (SD) 12.4 (2.3) 11.9 (2.7) 13.6 (2.4) 13.7 (2.5) F(3)=2.50 

Gay/bisexual, N (%) 7 (34) 1 (5) 10 (56) 0 (0) 2(6)=25.08*** 

Married, N (%) 1 (6) 5 (25) 3 (17) 3 (14) 2(9)=11.47 

Monthly income, M (SD) 1085 (412) 984 (1057) 1202 (795) 2691 (3882) F(3)=2.77 

Ever homeless, N (%) 8 (50) 13 (65) 3 (17) 3 (14) 2(3)=15.88** 

Health Insurance, N (%) 10 (63) 5 (26) 9 (53) 10 (48) 2(3)=5.05 

Premorbid verbal IQ, M (SD) 85 (13) 87 (14) 83 (18) 95 (15.6) F(3)=2.33 

Cocaine      
Cocaine use (past 90 days), 
M (SD) 

34.4 (24) 28.4 (17) - - T(35)=0.870 

Cravings score (#/10), M (SD) 6.3 (2.3) 6.6 (2.3) - - T(34)=-.386 

Lifetime use of cocaine (years), 
M (SD) 

17.6 (7.9) 15.9 (9.7) - - - 

Route of 
admin, N (%) 

Nasal 1 (6) 5 (15) - - - 

Smoking 16 (94) 17 (85) - - - 

 
HIV 

    

Lowest CD4 cell count, M (SD) 169 (197) - 234 (176) - T(33)=-1.044 

Most recent CD4 cell count, M 

(SD) 
564 (405) - 566 (294) - T(33)=-.013 

Years since HIV diagnosis, M 

(SD) 
17.5 (8.1) - 12.8 (7.5) - T(33)=1.79 

      

Cognitive Deficit Scores      

Global Deficit Score, M (SD) .47 (.50) .57 (.52) .56 (.41) .38 (.44) F(3)=.744 

Global Impaired, N (%) 6 (35) 9 (45) 10 (53) 5 (24) 2(3)=3.92 
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decision between certain and uncertain (i.e. reaction time) on each trial was recorded. 

There were no significant group differences in reaction times during either risky-certain 

or ambiguous-certain trials.  

Table 2. Behavioral performance 

 

 

 

 

 

 

 

3.3 Imaging data 

 The imaging data was analyzed by examining blood-oxygen-level dependent 

(BOLD) contrast of brain activity for ambiguous-certain trials over risky-certain trials. 

This involved subtracting out activity in the risky trials from the ambiguous trials. The 

expected value for each decision was accounted for by weighing the trials according to 

the expected monetary value of the decision being made. BOLD activity was measured 

for each group at a Z-score of 3. The COC+/HIV+ group had 3 clusters, with peak 

activation in the lingual gyrus, lateral occipital cortex, and inferior frontal gyrus. The 

largest cluster contained 2,434 voxels. The COC+/HIV- group had 3 clusters with peak 

activation in the intracalcarine cortex, middle frontal gyrus, and lateral occipital cortex. 

The largest cluster contained 8,157 voxels. The COC-/HIV+ group had 2 clusters, with 

peak activation in the lingual gyrus and left lateral occipital cortex. The largest cluster 

 

COC+ COC- 

HIV+ HIV- HIV+ HIV- 

N=17 N=19 N=19 N=21 

Uncertain choice (%) on: 
    

    Risky trials, M (SD) 52 (19) 59 (24) 49 (17) 55 (17) 

    Ambiguous trials, M (SD) 52 (15) 49 (26) 42 (25) 52 (19) 

Reaction time (s) on: 
    

    Risky trials, M (SD) 1.97 (.6) 1.74 (.4) 1.82 (.5) 1.95 (.4) 

    Ambiguous trials, M (SD) 1.95 (.5) 1.87 (.5) 1.81 (.6) 1.89 (.5) 
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had 4,934 voxels. The COC-/HIV- group had 3 clusters, with peak activation in the 

lingual gyrus, right middle frontal gyrus, and left middle frontal gyrus. The largest cluster 

had 16, 407 voxels. Upon reviewing the results of the mixed effect general linear model 

with FLAME 1 to look at the independent and interacting effects of HIV and cocaine on 

BOLD signal, no group effects were found. 

 
 

Figure 3. Activation by group (ambiguous > risky) 
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Table 3. Clusters by group with corresponding anatomy 
 

Clusters showing neural activation of each participant group for ambiguous over risky during the 
ambiguity/risk preference task 

 
Anatomical region at 
peak 

Other anatomical regions in 
cluster 

MNI 
coordinates 
(x, y, z) COG 

Number of 
voxels 

Max Z-
score 

COC+/HIV+ 

  Lingual Gyrus (B) Intracalcarine cortex (B), 
supracalcarine cortex (L), 
occipital fusiform gyrus (B), 
occipital pole (B),  

3.33, -81.5, 
1.35 

2434 8.43 

 Lateral occipital cortex, 
superior division (L) 

 

Superior parietal lobule (L), 
angular gyrus (L), posterior 
supramarginal gyrus (L)  

-29.7, -63.5, 
42 

 

736 

 

4.98 

 

Inferior frontal gyrus (L) Middle frontal gyrus (L), 
precentral gyrus (L) 

-43.7, 18.7, 
24.2 

694 4.85 

 

COC+/HIV- 

 Intracalcarine cortex (B) Lingual gyrus (B), occipital pole 
(B), occipital fusiform gyrus (B), 
temporal occipital fusiform cortex 
(B) 

-5.09, -76.1, 
8.37 

8157 12.5 

 Middle frontal gyrus (L) Inferior frontal gyrus (L), 
precentral gyrus (L) 

-43.3, 13.7, 
32 

429 4.47 

 Lateral occipital cortex, 
superior división (B) 

Angular gyrus (B), superior 
parietal lobule (B) 

38.4, -59.6, 
50 

286 4.88 

 

COC-/HIV+ 

 Lingual Gyrus (B) 

 

Intracalcarine cortex (B), 
occipital pole (B), cuneal cortex 
(B), occipital fusiform gyrus (B) 

3.31, -81, 
1.24 

 

4934 

 

12.2 

 

 Lateral occipital cortex, 
superior división (L) 

Superior parietal lobule (L), 
angular gyrus (L) 

-27.1, -64.6, 
43.3 

391 4.98 
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COC-/HIV- 

 Lingual gyrus (B) Occipital pole (B), intracalcarine 
cortex (B), occipital fusiform 
gyrus (B), temporal occipital 
fusiform cortex (B), 
supracalcarine cortex (B), cuneal 
cortex (B), lateral occipital cortex 
(B) 

-3.44, -71.6, 
7.52 

16407 14.5 

 Middle frontal gyrus (R) Inferior frontal gyrus (R), 
precentral gyrus (R) 

41.2, 10.5, 
41.8 

1150 5.49 

 Middle frontal gyrus (L) Precentral gyrus (L), inferior 
frontal gyrus (L) 

-42, 12.5, 
38.7 

1104 5.17 

 Note: R = right hemisphere, L = left hemisphere, B = bilateral 
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4. DISCUSSION 

 The present study investigated the effects of cocaine dependence and HIV 

infection on neural activity in response to the valuation of potential gains in the context 

of unknown and known risks. There were no significant group differences in behavioral 

performance on the fMRI task (Table 2). Contrary to these findings, it has been shown 

that HIV-positive individuals tend to have slower reaction times during simple reaction 

time tasks, where the same response is required for all stimuli (Ettenhofer, 2010). This 

slower reaction time has also been shown in choice reaction time tasks, where only 

certain stimuli require a response (Martin, 1992). In contrast, prior studies have 

contradicted these findings in agreement with the findings of this present study. It has 

been shown that there may be no significant group differences in reaction time (both 

simple and choice tasks) among HIV-negative and HIV-positive individuals (both 

asymptomatic and symptomatic) (Miller, 1991; Meade, 2016). Due to the contradictory 

findings on this topic, the findings of the present study are not necessarily incongruent 

with the literature. 

The fMRI images (Figure 3) and the clusters (Table 3) from the present study do 

appear to show differences between study groups, although ROI statistical significance 

testing has not been conducted. The COC-/HIV- (control) group has the largest peak 

cluster size (16,407 voxels), whereas the COC+/HIV+ group has the smallest peak 

cluster size (2,434 voxels). This observation, along with viewing the images of Figure 3, 

show broader activation in the control group compared to the other groups, especially 

the COC+/HIV+ group. 
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All groups show bilateral activation in the lingual gyrus, a structure located in the 

occipital pole between the calcarine sulcus and the posterior part of the collateral 

sulcus. This structure is implicated in processing vision as well as word processing 

(Mechelli, 2000). This finding contradicts a previously published meta-analysis that 

showed increased activation in the lingual gyrus for risky > ambiguous decisions, rather 

than ambiguous > risky (Krain, 2005). However, the risky > ambiguous difference in the 

lingual gyrus from the Krain study had a cluster size of only 17 voxels. Given that the 

meta-analysis analyzed studies that varied in their methodology of testing ambiguity and 

risk, each study could have utilized the brain differently and the findings from the 

present study may not significantly contradict these previous findings. 

 Although the groups share similar localized activation in the lingual gyrus, there 

are differences between the groups. Clear differences are observed in the activity of the 

inferior frontal gyrus (IFG) and middle frontal gyrus (MFG). The control group shows 

bilateral activation in the IFG and MFG, an observation that is not seen in any of the 

other groups. The COC+/HIV+ and COC+/HIV- groups show IFG and MFG activity only 

in the left hemisphere. (Broader left IFG activity is observed in the COC+/HIV+ group 

than the COC+/HIV- group.) The COC-/HIV+ group shows no activity in the IFG and 

MFG. Overall, in the IFG and MFG regions, the COC+ groups show lateral activity, the 

COC-/HIV- group (control) shows bilateral activity, and the COC-/HIV+ group shows no 

activity. This finding suggests that cocaine-dependent patients potentially can have 

reduced activity in the right frontal gyrus, and that HIV-positive patients potentially can 

have reduced activity bilaterally in the frontal gyrus region. 



Hartley 

22 
 

A previous meta-analysis of the effects of HIV infection during fMRI tasks has 

suggested that HIV infection causes hyperactivation in the left IFG and in the left 

caudate, potentially demonstrating compensation in the fronto-striatal-parietal network 

(Plessis, 2014). Since the COC-/HIV+ group showed no activity in the IFG, the findings 

of this present study contradict this meta-analysis. However, the COC+/HIV+ group 

shows broader left IFG activity than the COC+/HIV- group, suggesting that among 

cocaine-using groups, HIV infection affected left IFG activity, which is in support of the 

meta-analysis findings. 

 When examining just the control group and the overall 76-participant sample, the 

findings of this study show that ambiguous > risky activity is observed bilaterally in the 

MFG. This finding is supported by a previous meta-analysis on the neural mechanisms 

for ambiguous and risky decisions. The meta-analysis showed that when evaluating 

ambiguity > risk, there is hyperactivation in the left IFG and bilaterally in the MFG (Krain, 

2005).  

 Another identifiable difference between the groups lies in the superior division of 

the lateral occipital cortex (LOC). In the control and COC+/HIV- groups, there is bilateral 

activity in the superior LOC, although the COC+/HIV- bilateralization is less evenly 

distributed across hemispheres. In the COC+/HIV+ and COC-/HIV+ groups, activity is 

only seen in the left superior LOC. This finding suggests that HIV-positive patients 

potentially experience reduced bilateral activity in this region during ambiguous 

decisions. There does not appear to be previous studies that implicate the LOC in 

ambiguous decision-making, HIV-related impairment, or cocaine-related impairment. 
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 There are several limitations to consider in this study. First, these findings were 

limited by time, as additional time with continued analysis could outline potential group 

effects. Second, these findings are limited in their generalizability because the group 

means analysis was conducted with fixed effects, rather than mixed effects which allows 

for increased generalizability. Third, the group sample sizes were relatively small, as it 

is difficult to recruit and sustain participants that meet the required criteria. Fourth, it is 

difficult to determine if the participants fully understood the task or put forth genuine 

effort. An attempt was made to avoid this by incentivizing effort by honoring one of the 

monetary decisions. And this study attempted to make the task understandable by 

creating a simple user interface. But there is potential that participants’ understanding 

and effort were compromised. Fifth, five of the 81 initial participants were excluded for 

either missing too many trials or for excessive motion during the scanner task. None of 

the exclusions came from the control group. This further reduced the sample size and 

consequentially hurt the generalizability of the findings. 

 In the future, further analysis should be conducted to evaluate the independent 

and interacting group effects of HIV and cocaine. In this study, a group comparison test 

was conducted that did not produce group effects. However, further ROI analysis should 

be performed to re-evaluate potential effects. From the findings of this study, regions of 

interest that showed different activity between groups and should be further examined 

are the IFG, MFG, and superior LOC. Additionally, future analysis could use a larger 

sample with mixed effects, so that it can be generalized more broadly.  

 In summary, the findings from this study show no significant difference in 

behavioral performance between groups affected by HIV infection and cocaine 
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dependence. The findings of this study suggest there to be different BOLD activation in 

the IFG and the MFG as well as the superior LOC among groups affected by HIV 

infection and cocaine dependence while performing ambiguous decisions versus risky 

decisions. Future group effect analysis needs to be conducted to confirm the findings of 

this study.  
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