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Abstract

Both Human Immunodeficiency Virus (HIV) and cocaine use have been associated with 

impairment in neuropsychological functioning. The high comorbidity between HIV and cocaine 

use highlights the importance of ascertaining whether there is a compounding effect of cocaine 

use in individuals with HIV. Among neuropsychological domains impacted by HIV, verbal 

memory deficits have received substantial attention partly because they have been associated 

with declines in functional status in HIV positive individuals. We collected California Verbal 

Learning Test-II data from HIV participants who met lifetime diagnostic criteria of cocaine abuse 

and/or dependence (HIV/CocDx+, N = 80 & HIV/CocDx−, N = 30, respectively) and those 

with and without recent cocaine use, which was confirmed by toxicology analysis (HIV/Coc+, 

N = 56 & HIV/Coc−, N = 57, respectively). The Item Specific Deficit Approach (ISDA) was 

employed to determine any additional cocaine-associated deficits in encoding, consolidation, and 

retrieval, which attempts to control for potential confounding factors of memory such as attention. 

Using conventional methods of evaluating memory profiles, we found that the HIV/Coc+ group 

demonstrated worse learning, immediate and delayed free recall, and recognition in contrast to 

the HIV/Coc− group; although using the ISDA, we found that encoding was the only significant 

difference between HIV/Coc+ and HIV/Coc−participant, with HIV/Coc− performing better. Our 
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data suggest that for individuals with HIV, cocaine use is associated with a temporary decline 

in verbal memory, is characterized by greater encoding deficits, and these effects may reduce 

with abstinence. Clinically, our findings suggest that reduced encoding is the likely contributor to 

verbal memory decline in HIV/Coc+ and these effects are partially reversible—at least to the level 

of their HIV/Coc− counterparts.
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Introduction

Cocaine use is common among individuals infected with human immunodeficiency 

virus (HIV; Cofrancesco et al., 2008; Hatfield, Horvath, Jacoby, & Rosser, 2009; Kral, 

Bluthenthal, Booth, & Watters, 1998). The high comorbidity between HIV and cocaine 

use (i.e., up to 9% in HIV and 0.1% in the general population) highlights the importance 

of ascertaining the potential compounding effect of HIV infection and cocaine use on 

neuropsychological functioning (Mimiaga et al., 2013; Substance Abuse and Mental 

Health Services Administration, Center for Behavioral Health Statistics and Quality, 2014). 

Neuroimaging studies have found significant overlap with respect to changes resulting from 

HIV infection and cocaine use. Both conditions are associated with grey and white matter 

pathology in frontal, temporal, and cerebellar regions (Ances, Ortega, Vaida, Heaps, & Paul, 

2012; Bartzokis et al., 2000; Becker et al., 2012; Cardenas et al., 2009; Navia, Jordan, & 

Price, 1986; Sim et al., 2007).

Despite widespread use of highly active anti-retroviral therapies (HAART) and subsequent 

reduced incidence of HIV-related dementia and cognitive dysfunction (Bhaskaran et al., 

2008; Brodt et al., 1997; Sacktor et al., 1999), a subset of those with HIV still demonstrate 

neuropsychological deficits (Heaton et al., 2004, Heaton et al., 2011; Hinkin et al., 

2008; Joska et al., 2010; Nightingale et al., 2014; Saylor et al., 2016). HIV-associated 

cognitive impairments include deficits in attention (Scott et al., 2006), processing speed and 

psychomotor abilities (Baldewicz et al., 2004), working memory (Castelo et al., 2006), and 

executive functioning (Durvasula et al., 2000; Heaton et al., 1995; Hinkin et al., 1990, 1995; 

Miller et al., 1990; Reger et al., 2002; Schiller et al., 2009).

Among the neuropsychological domains impacted by HIV, verbal memory deficits have 

received considerable attention. Verbal memory impairment in HIV is associated with 

functional declines, such as decreased employability, poor medical adherence, and other 

functional impairments (Barclay, Wright, & Hinkin, 2010_; Castellon, Hinkin, Wright, & 

Barclay, 2009; Ettenhofer, Foley, Castellon, & Hinkin, 2010; Heaton et al., 1995; Heaton 

et al., 2004; Hinkin et al., 2002; Torres et al., 2019; van Gorp et al., 1999a; Wright, Woo, 

Barclay, & Hinkin, 2009a; Wright et al., 2011).

Some studies suggest that verbal memory impairment in HIV is due to a retrieval deficit, 

evidenced by impairments in recall in contrast to intact recognition or cued recall (Becker 

et al., 2009; Murji et al., 2003; Peavy et al., 1994; Reger et al., 2002; Schiller et 
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al., 2009; White et al., 1997; Woods et al., 2005). Indeed, other work suggests that 

encoding deficits may also play a significant role in HIV-related verbal memory impairment. 

Specifically, studies have demonstrated HIV-related increased recency effects (Scott et al., 

2006), decreased primacy effects (Waldrop, Ownby, & Kumar, 2004), decreased semantic 

clustering (Gongvatana et al., 2007; Murji et al., 2003; Peavy et al., 1994; Woods et al., 

2005), and deficient patterns of item recall during list learning (Scott et al., 2006; White et 

al., 1997; Woods et al., 2005). Moreover, other studies suggest that encoding deficits may 

be the primary contributing factor to HIV-associated memory impairment (Scott et al. 2006; 

Wright et al., 2011).

There are two likely explanations for these discrepant findings. First, differences in the 

HIV-associated memory deficit profile between studies may be related to variable use of 

HAART. Many of the studies that found both encoding and retrieval deficits were either 

conducted in the pre-HAART era (Delis et al., 1995; Murji et al., 2003; White et al., 

1997) or included participants that had low HAART adherence (Murji et al., 2003), whereas 

studies that found encoding deficits included participants on HAART (Gongvatana et al. 

2007; Scott et al., 2006; Waldrop et al., 2004; Wright et al., 2011)—although there are 

exceptions (e.g., Schiller et al., 2009). Second, researchers who argue that HIV is generally 

associated with encoding and not retrieval deficits point out that recall and recognition likely 

reflect discrepant processes. Specifically, recall appears to be the product of recollection 

while recognition seems to be comprised of both recollection and familiarity (Aggleton & 

Brown, 2006) and it may be misleading to infer a retrieval deficit from recognition-recall 

discrepancies when recognition performances are greater than recall performances. That is, 

the recognition-recall discrepancies may be due to poor initial encoding rather and a true 

retrieval deficit.

Cocaine Use

Cocaine is a potent stimulant that elevates synaptic levels of dopamine (DA), norepinephrine 

(NE), and serotonin (5-HT), binds to DA, NE, and 5-HT transporters, and blocks 

neurotransmitter reuptake, although most of the literature has examined the effect of cocaine 

on the mesocorticolimbic DA pathway, since it has been posited to play an important role 

in addiction (Kalivas & Volkow, 2005; Volkow, Koob, & McLellan, 2016). Elevated DA 

levels lead to increased D1 and D2 receptor signaling and subsequent intracellular signaling 

pathways associated with G proteins (Beaulieu & Gainetdinov, 2011). G proteins impact 

cyclic AMP-dependent protein kinase, which influences ion channels, vesicles, receptor 

expression, and glutamine neurotransmitters (Dolphin, 2003; Gao & Wolf, 2008; Kislevsky 

et al., 2008). These changes lead to increased excitability of the prefrontal cortex and are 

thought to account for the effects of cocaine (Frazer, Richards, & Keith, 2018; Sun, Zhao, 

& Wolf, 2008). Neuroimaging studies have implicated structural, metabolic and white matter 

changes related to long-term use of cocaine (Bell et al., 2011), although recent critical 

review has questioned the methodology of these studies (Frazer, Richards, & Keith, 2018).

Regarding the neuropsychological profile of cocaine use, acute effects of cocaine (in a 

laboratory setting) include enhanced response inhibition and psychomotor speed (Spronk, 

van Wel, Ramaekers, & Verkes, 2013) while chronic use is associated with deficits in 
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processing speed (Fernandez-Serrano, Pérez-García, & Verdejo-Garcia, 2011), attention and 

working memory (Fernandez-Serrano, Pérez-García, & Verdejo-Garcia, 2011; Levine et al., 

2006; Madoz-Gurpide, Blasco-Fontecilla, Baca-Garcia, & Ochoa-Mangado, 2011; Spronk, 

van Wel, Ramaekers, & Verkes, 2013), executive functioning (Fernandez-Serrano, Pérez­

García, & Verdejo-Garcia, 2011; De Oliveira et al., 2009; Vergara-Moragues et al., 2017; 

Viola et al., 2019), and verbal memory (De Oliveira et al., 2009; Meyer et al., 2013; Spronk 

et al., 2013). Studies examining abstinence from cocaine suggest at least partial reversal of 

cognitive deficits with 1 year of abstinence (De Oliveira et al., 2009; Vonmoos et al., 2014) 

with residual deficits in reversal learning and emotional processing (Fernandez-Serrano, 

Pérez-García, & Verdejo-Garcia, 2011); however, a recent systematic critical review by 

Frazer, Richards, and Keith (2018) warns against overinterpreting group differences between 

cocaine users and non-users on cognitive measures and neuroimaging, as they may not 

indicate clinically significant discrepancies despite being statistically significant.

Cocaine and HIV

Cocaine use in HIV has a synergistic impact on neuroimmune functioning, particularly 

the dopaminergic neurotransmission. While cocaine blocks DA transporters and acts as 

a reuptake inhibitor, the Tat protein of HIV functions as an allosteric modulator of 

DA transporter (Dahal, Chitti, Nair, & Saxena, 2015). Consequently, in both cocaine 

use and HIV, elevated synaptic DA increases macrophages lead to neuroinflammation 

and accelerates the production of platelet monocyte complexes, which is related to 

HIV-associated neurocognitive disorder (HAND; Dahal, Chitti, Nair, & Saxena, 2015; 

Meade, Conn, Skalski, & Safren, 2011). Moreover, both cocaine use and HIV, directly 

and indirectly, impact the N-methyl-D-aspartate receptor (NMDAR), which represents a 

significant aspect of reward circuitry in the brain and it has been posited that changes 

NMDAR secondary to HIV infection may reinforce psychostimulant abuse and addiction 

(Buch et al., 2011). In fact, HIV infected individuals have a stronger preference for 

the immediate effects of stimulant drugs (d=.87) over alcohol (d=.50) and nicotine (.56) 

(MacKillop et al., 2011).

A recent neuroimaging study (i.e., functional magnetic resonance imaging) by Meade et 

al. (2017) of active cocaine use in HIV during intertemporal decision-making task revealed 

that cocaine use moderated the effects of HIV with clustered activations in the bilateral 

prefrontal cortices and cerebellum. Independently, cocaine use was associated with lower 

activation in bilateral frontal gyri and right insular and posterior parietal cortices while HIV 

was associated with higher activation in the visual cortex and reduced activation in bilateral 

prefrontal cortices and cerebellum and left posterior parietal cortex (Meade et al., 2017).

From a neurocognitive perspective, as mentioned previously, chronic use of cocaine has 

a striking resemblance to the cognitive dysfunction associated with HIV, with overlap in 

impairments in attention, processing speed, verbal memory, and executive functioning. Of 

the aforementioned domains, verbal memory is a complex cognitive process that requires 

multiple abilities working in tandem (e.g., attention and strategic organization) and warrants 

further inspection—namely, dissecting what aspects of verbal memory is impacted (i.e., 

encoding, consolidation, and/or retrieval). While some studies have found an impact on 
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verbal memory (e.g., De Oliveira et al., 2009; Meyer et al., 2013; Spronk et al., 2013), these 

finding may be impacted by reduced executive functioning and processing speed related to 

the synergistic impact of both cocaine and HIV. Specifically, Meade, Towe, Skalski, and 

Robertson (2015) found main effects for processing speed and executive functioning in HIV 

cocaine users with no significant effects for learning or memory.

Traditional metrics of verbal memory (e.g., encoding, consolidation, retrieval) of maybe 

confounded by attention and executive ability (e.g., organizational strategy) (Wright et al., 

2009), which are domains that are dependent on the integrity of frontostriatal networks 

impacted by both HIV and cocaine use (Spronk et al., 2013). Encoding metrics on verbal 

memory list tasks include learning slope, total correct on Trial 1, and other contrasts 

(e.g., Trial 1 vs Trial 5) (Delis, Kramer, Kaplan, & Ober, 2000); unfortunately, attentional 

difficulties are inherent in many neurological and psychiatric conditions can impact these 

scores (Cohen, Malloy, Jenkins, & Paul, 2006). Similarly, consolidation metrics for verbal 

memory list tasks contrast total items recalled against recall following a delay with a decline 

signifying a loss of information or forgetting over time (Delis et al., 2000) and another 

metric relies on proactive interference (adverse effect of older learning on new learning); 

however, these metrics either provide non-specific findings of memory storage or do not 

account for initial learning (Wright et al., 2009). Retrieval metrics on verbal memory list 

tasks involve contrasting recall performances against recognition performances, although 

as mentioned previously, it may be misleading to infer a retrieval deficit from recognition­

recall discrepancies when recognition performances are greater than recall performances 

(Aggleton & Brown, 2006) since these discrepancies may be due to poor initial encoding 

rather and a true retrieval deficit.

The Item-Specific Deficit Approach (ISDA) is a psychometrically valid method that aims to 

mitigate the impact of inattention on encoding, consolidation, and retrieval on list-learning 

tasks (Wright et al., 2009). The ISDA was initially validated in a healthy comparisons 

sample, seropositive HIV, and traumatic brain injury (Wright et al., 2009), replicated in 

these populations (Obermeit et al., 2015; Wright et al., 2010; Wright et al., 2011; Wright 

et al., 2013), and has since been applied in other settings including amyotrophic lateral 

sclerosis (Christidi, Zalonis, Smyrnis, & Evdokimidis, 2012), amnestic mild cognitive 

impairment (Andrés et al., 2019), and Alzheimer disease (Oltra-Cucarella, Pérez-Elvira, 

& Duque, 2014). Most recently, Lueke and Lueke (2019) used the ISDA to evaluate the 

impact of mindfulness on encoding, consolidation, and retrieval. Generally, the ISDA has 

demonstrated superiority over traditional metrics, with one exception—Cattie et al. (2012) 

raised concerns about the incremental value of the ISDA and noted that the ISDA encoding 

index was collinear with other memory tests (i.e., rs=.92 on total Trials 1–5 on the California 

Verbal Learning Test and the ISDA encoding index in their HIV sample).

In the current study, we attempted to ascertain the additive impact of recent and past cocaine 

use on the different aspects of verbal memory (encoding, consolidation, and retrieval) in a 

seropositive HIV sample using both traditional memory metrics and ISDA memory indices. 

Specifically, we examined if recent cocaine use impacted memory performances and also if 

a lifetime diagnosis of cocaine dependence or abuse impacted memory performances. We 

hypothesized that recent cocaine (HIV/Coc+) and not past use (HIV/Coc−) will adversely 
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impact verbal memory given cocaine’s state-like effect on cognitive functioning (i.e., Frazer, 

Richards, & Keith, 2018). Additionally, a lifetime diagnosis of cocaine dependence or abuse 

(HIV/CocDx+) and not subclinical use of cocaine (HIV/CocDx−) the was hypothesized to 

adversely impact verbal memory given that some reach has posited at least some residual 

impact on brain structure (Bell et al., 2011). We also predicted that recent cocaine use would 

amplify the effects of historical use in HIV as assessed by traditional and ISDA memory 

metrics. Relative to other memory metrics, we posited that encoding would adversely be 

impacted given that both cocaine and HIV have been documented to impact frontostriatal 

networks (Spronk et al., 2013).

Methods

Participants

Data from 113 community-dwelling HIV infected participants were used for the current 

analysis. This sample was extracted from a prior study (Levine et al., 2006; Hinkin et 

al., 2007), which was funded by the National Institute on Drug Abuse (Grant Number: 

1R01DA013799–01A1). The initial study was adequately powered to detect the effects of . 

No control group was available in the sample (i.e., HIV negative participants). Participants 

were recruited from community health agencies in the Los Angeles area through fliers 

posted in infectious disease clinics at two University-affiliated medical centers. Exclusion 

criteria included meeting diagnostic criteria for lifetime or current history of psychotic 

spectrum or manic disorders and any neurological disorder other than HIV-infection (i.e., 

seizure disorder, stroke, closed-head injury with loss of consciousness in excess of 30 

minutes, or any other neurological disease, CNS opportunistic infection, or neoplasm). For 

our analyses, the participants were stratified by 1) recent cocaine use (self-report and urinary 

analysis) and 2) if participants ever met diagnostic criteria for cocaine dependence or abuse 

in their lifetime. The stratification for the recent cocaine abuse, participants 1) reported using 

cocaine within 4 weeks of testing and/or had positive urinalysis results for cocaine use on 

the day of testing (HIV/Coc+, N = 56) or 2) denied cocaine use 4 weeks prior to testing 

and had negative cocaine urinalysis results (HIV/Coc−, N = 57). A period of four weeks 

was selected for self-report to ensure that there was sufficient time for such substances 

to adequately clear their system. Urine toxicology conducted on the day of testing, which 

screened for cocaine, amphetamine, cannabis, and opiate metabolites. The stratification for 

presence (HIV/CocDx+, N = 80) or absence (HIV/CocDx−, N = 30) of lifetime cocaine 

dependence or abuse was determined by the Structured Clinical Interview for the Diagnostic 

and Statistical Manual of Mental Disorder 4th Edition, Clinical Version (SCID-CV) (First, 

Spitzer, Gibbon, & Williams, 1996).

HIV status was confirmed with ELISA and Western blot. Seventy percent of the HIV/

Coc+ (N = 35/55), 63 percent of the HIV/Coc− (N = 40/57), 65 percent of HIV/CocDx+ 

(N = 51/79), and 72 percent of HIV/CocDx− (N = 24/33) participants met the Centers 

for Disease Control and Prevention diagnostic criteria (e.g., CD4 < 200) for Acquired 

Immunodeficiency Syndrome (AIDS). There were no group differences in the proportion of 

participants meeting criteria for AIDS (see Tables 1 and 2). All of the participants were on 

self-administered HAART at the time of testing.
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Materials and Procedure

All participants were administered the North American Adult Reading Test (NAART; Blair 

& Spreen 1989) and the California Verbal Learning Test-2nd edition (CVLT-II) (Delis, 

Kramer, Kaplan, & Ober, 1987, 2000). Trained psychometrists administered all instruments 

under the supervision of a board-certified neuropsychologist. Participants received $80 for 

their participation. This study underwent an ethics committee review and was approved by 

the institutional review boards of the University of California, Los Angeles, and the West 

Los Angeles VA Medical Center.

Verbal Memory

The CVLT-II (Delis, Kramer, Kaplan, & Ober, 1987, 2000) is a verbal list-learning test 

comprised of 16 items that can be grouped into four semantic categories. The list is 

presented orally to participants over five learning trials, followed by a short-delay free 

and cued recall, long-delay free and cued recall, and recognition trials. The CVLT-II yields 

numerous indices. For the current study, we were interested primarily in the sum of items 

recalled across all five learning trials (total learning), short-delay free recall, and long-delay 

free recall.

Item level data from the CVLT-II were evaluated via the Item Specific Deficit Approach 

(ISDA), a quantitative process method for deriving indices of encoding, consolidation, 

and retrieval deficits. These indices have demonstrated increased sensitivity to cognitive 

impairment compared to traditional indices calculated from list-learning data (Wright, 

Woo, Schmitter-Edgecombe, et al., 2009b). Furthermore, these indices seem to be less 

contaminated by other cognitive factors (e.g., attention; Wright et al., 2009b).

The ISDA encoding deficit index is derived by summing the items that were not recalled 

at least three times during the five initial CVLT-II learning trials (higher scores indicate 

greater encoding difficulties; maximum value = 16). The consolidation deficit index is 

calculated by summing the items that were recalled at least once during the list learning, 

but not recalled during either the short or long delay free or cued recall trials. The retrieval 

index is calculated via the sum of items that were recalled during list learning but recalled 

inconsistently across the short and long-delay free and cued recall trials (i.e., recalled 

between one and three times over the four delayed recall trials). The consolidation index and 

retrieval index totals are divided by the number of items recalled at least once during the list 

learning trials (maximum value = 16) to control for learning differences between groups.

Statistical Analysis

Descriptive statistics were computed on basic demographic variables, CD4 count, AIDS 

diagnosis, and substances use for all groups (HIV/Coc+ vs. HIV/Coc− and HIV/CocDx+ 

vs. HIV/CocDx−; see Table 1 and 2). We compared these data across the groups with 

independent sample T-tests for continuous variables and chi-square frequency for categorical 

variables. Additionally, collinearity between the traditional memory metrics and the ISDA 

was computed (see Table 3).
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While the HIV/Coc+ and HIV/Coc− groups were well matched in terms of premorbid 

intelligence, age, education, sex, and history of depression (see Table 1), the HIV/Coc− 

group was comprised of a larger proportion of Caucasian participants (19%) than the 

HIV/Coc+ group. That said, ethnic/racial membership (Caucasian vs. minority) was not 

significantly associated with any of the dependent variables in the current study (rpbs = 

−0.11 – 0.07, ps >.05). Additionally, the HIV/Coc− had greater duration of lifetime cocaine 

and stimulant use, than the HIV/Coc+ group, while the HIV/Coc+ had a greater number 

of participants with positive cannabis toxicology. Total duration of cocaine and stimulant 

use was not associated with any of the dependent variables in the study (rpbs = −.23 - .27, 

ps >.05). Similarly, positive cannabis toxicology was exclusive to HIV/Coc+ in our sample 

and was not associated with any of the dependent variables in the study (rpbs = −.22 - .20, 

ps >.05). While HIV/CocDx+ and HIV/CocDx− were well matched in terms of premorbid 

intelligence, age, education, sex, ethnicity, and history of depression (see Table 2), the 

HIV/CocDx− group had greater incidence of lifetime alcohol abuse and/or dependence and 

cannabis abuse and/or dependence than the HIV/CocDx+ group. That said, lifetime alcohol 

abuse and/or dependence and cannabis abuse and/or dependence were not significantly 

associated with any of the dependent variables in the current study (rpbs = −0.06 – 0.08, ps 
>.05).

In order to determine the impact of cocaine use on CVLT-II performances, we performed 2 

group (recent cocaine use [HIV/Coc+] vs. no recent cocaine use [HIV/Coc−]) X 2 cocaine 

use history (history of having met lifetime DSM-IV-TR criteria for cocaine abuse and/or 

dependence [HIV/CocDx+] vs. no history of having met lifetime DSM-IV-TR criteria for 

cocaine abuse/dependence [HIV/CocDx−]) ANOVAs for the CVLT-II total learning sum, 

CVLT-II short-delay free recall, CVLT-II long-delay free recall, and ISDA indices (i.e., 

encoding, consolidation, and retrieval). A significance level of α <0.05 was used as the 

threshold for significance. To correct for family-wise error, we calculated q-values with a 

predetermined false discovery rate cut-off of .05 for each p value across all memory metrics 

(Storey, 2002).

Results

With regard to total learning, we found a significant main effect of recent cocaine use F 
(1,109) = 4.477, p = 0.037, q = 2.067−13, ηp

2 = 0.039. Specifically, the HIV/Coc− group (M 
= 47.11, SD = 9.15) recalled more items than the HIV/Coc+ group (M = 44.30, SD = 8.56). 

The effect of cocaine use history, F (1,109) = 0.014, p > .05, q = 1.660−12, ηp
2 = 0.000, and 

the recent use by lifetime history of cocaine abuse and/or dependence interaction were not 

significant, F (1,109) = 2.064, p > .05, q = 5.644−13, ηp
2 = 0.019.

Regarding short-delay recall, a main effect of recent cocaine use was observed, F (1,109) 

= 4.046, p = .047, q = 2.067−13, ηp
2 = 0.036, with the HIV/Coc− group (M = 9.37, SD 

= 3.35) recalling more items than the HIV/Coc+ group (M = 8.38, SD = 3.02). Univariate 

ANOVAs did not show any significant effects of lifetime history of cocaine abuse and/or 

dependence, F (1,109) = 0.147, p > .05, q = 1.487−12, ηp
2 = 0.001. Similarly, there was not 

a significant interaction between recent cocaine use and lifetime history of cocaine abuse 

and/or dependence, F (1,109) = 1.341, p > .05, q = 7.822−13, ηp
2 = 0.012.
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For long-delay free recall, an univariate ANOVA revealed a significant main effect of recent 

cocaine use, F (1,109) = 4.032, p = .047, q = 2.067−13, ηp
2 = 0.036, with the HIV/Coc− 

group (M = 9.86, SD = 3.54) recalling more items than the HIV/Coc+ group (M = 9.30, 

SD = 3.23). The effect of history of use, F (1,109) = .969, p > .05, q = 7.989−13, ηp
2 = 

0.012, and the interaction between recent and historical use, F (1,123) = 0.772, p > .05, q = 

7.989−13, ηp
2 = 0.006, were not significant.

For total recognition discriminability (d’), an univariate ANOVA revealed a significant main 

effect of recent cocaine use, F (1,109) = 7.655, p = .007, q = 1.539−13, ηp
2 = 0.066, with the 

HIV/Coc− group (M = 2.92, SD = 0.78) displaying better total recognition discriminability 

than the HIV/Coc+ group (M = 2.63, SD = 0.71). The effect of history of use, F (1,109) = 

.107, p > .05, q = 1.48−12, ηp
2 = 0.001 was not significant. An interaction emerged between 

recent and historical use, F (1,109) = 4.258, p = .041, q = 2.067−13, ηp
2 = 0.038, such 

that those with a lifetime history of cocaine use and/or dependence and who recently used 

cocaine had better recognition discriminability (M = 2.72, SD = 0.73) than those with a 

lifetime history of cocaine use and/or dependence but had no recent cocaine use (M = 2.35, 

SD = 0.54); however, those with (M = 2.83, SD = 0.76) and without (M = 3.09, SD = 0.84) 

a lifetime history of cocaine use and/or dependence performed similarly when they abstained 

from cocaine for at least 4 weeks and had negative toxicology for cocaine.

For the ISDA encoding index, a main effect of recent cocaine use was observed, F (1,109) 

= 4.685, p = 0.033, q = 1.151−12, ηp
2 = 0.041, such that participants who had recently used 

cocaine (M = 6.61, SD = 2.49) showed statistically inferior encoding relative to participants 

without recent cocaine use (M = 5.73, SD = 3.09) (see Figure 1). Analysis of variance did 

not show any significant effects of use history, F (1,109) = 0.008, p > .05, q = 1.078−11, 

ηp
2 = 0.000, nor an interaction between recent cocaine use and use history on encoding, F 

(1,109) = 2.641, p > .05, q = 1.867−12, ηp
2 = 0.024.

ANOVAs computed for the consolidation index did not reveal significant group, F (1,109) = 

0.529, p >.05, q = .699, ηp
2 = 0.005, use history, F (1,109) = 0.151, p > .05, q = .699, ηp

2 

= 0.001, or interaction effects, F (1,109) = .328, p > .05, q = .699, ηp
2 = 0.003. Similarly, 

an ANOVA for the retrieval index did not reveal significant effects for recent cocaine use, F 
(1,109) = 1.070, p > .05, q = .966, ηp

2 = .010, or use history, F (1,109) = 0.036, p > .05, q = 

.966, ηp
2 = 0.000, and did not reveal any interaction effects, F (1,109) = 0.002, p > .05, q = 

.966, ηp
2 = 0.000.

Discussion

We hypothesized that 1) recent cocaine use will exacerbate encoding deficits and verbal 

memory difficulties in HIV infected individuals and 2) meeting lifetime diagnostic criteria 

for cocaine dependence and/or abuse would adversely impact memory performances, 3) 

recent cocaine use would amplify the effects of historical use in HIV, and 4) encoding 

would be adversely impacted over consolidation and retrieval. Our data partially supported 

these hypotheses. Specifically, using traditional verbal memory metrics that do not control 

for (inattention or executive ability), recent cocaine use impacted total learning, short and 

long delay, and recognition discriminability, and interactive effects between recent use and 
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historical use emerged only for the recognition discriminability metric. Specifically, the 

interactive effects revealed recognition discriminability performance differences in recent 

cocaine users with and without a lifetime history of cocaine abuse or dependence; the 

interaction further suggested that with abstinence, recognition discriminability performances 

of those with and without cocaine abuse and dependence are similar. Overall, the traditional 

memory metrics revealed general and non-specific findings that recent cocaine abuse and not 

historical use impacts all memory domains.

However, given that traditional metrics do not account for inattention and dysexecutive 

symptoms (e.g., poor organizational strategies), an alternative approach was employed (i.e., 

ISDA) as both cocaine and HIV influence frontostriatal networks subservient to these 

functions (Spronk et al., 2013). Indeed, using the ISDA, our findings revealed that only 

encoding was compromised in the HIV/Coc+ group when compared to the HIV/Coc− 

group. Additionally, using the ISDA, we found that historical cocaine use and/or dependence 

did not have an impact on encoding, consolidation, or retrieval. In contrasting traditional 

memory metrics and the ISDA, the ISDA memory metrics isolated statistically inferior 

performances to encoding, while the traditional metrics provided non-specific findings, 

despite being statistically collinear to traditional memory metrics (i.e., ISDA encoding 

deficit index correlated at r=.92 to CVLT-II Total Trials 1–5). Similar collinearity among 

memory metrics has been reported by other researchers (Cattie et al., 2012).

These findings speak to the incremental utility of the ISDA in an HIV setting and 

suggests that reduced memory performances in the context of HIV and cocaine use are 

likely secondary to disrupted learning, which is concordant with prior research suggesting 

frontostriatal involvement (Meade et al., 2017) and reduced executive ability (Meade et 

al., 2015) that likely impacts strategic encoding strategies (Scott et al., 2006; White et 

al., 1997; Woods et al., 2005; Wright et al., 2011). Of note, our findings are also in line 

with prior research supporting the notion that the deleterious effects of cocaine use on 

cognition in HIV are, at least to some extent, state-like in nature and transitory (De Oliveira 

et al., 2009; Durvasula et al., 2000; Frazer, Richards, & Keith, 2018). Moreover, a recent 

longitudinal study found that in some cases, 1-year abstinence led to cognitive performances 

(i.e., attention, memory, and global cognition) similar to that of healthy control participants 

(Vonmoos et al., 2014). Our findings further add to the literature against the lasting impact 

of cocaine use (Frazer, Richards, & Keith, 2018); however, given the cross-sectional nature 

of the study and a lack of healthy comparison subjects, we cannot affirm that reduced 

encoding will be fully ameliorated, although this study converges with other research 

that suggests performance comparable to HIV/Coc− groups. At first blush, our findings 

appear to differ from another study reporting no differences in verbal memory between 

HIV participants with and without cocaine use (Durvasula et al., 2000). However, in the 

Durvasula et al. (2000) study, HIV/Coc+ participants were younger and there is evidence 

to suggest that older individuals with HIV, even a remote history of stimulant use seems 

to have an effect as persons age (Iudicello et al., 2014). Additionally, the authors note that 

their findings may have been confounded by alcohol use and largely recreational drug users 

(Durvasula et al., 2000).
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The results of the current study underscore the importance of interventions that aid in 

the cessation of cocaine use among individuals with HIV. The immediate concern is that 

cocaine use could lead to worse cognitive status that could reduce HAART adherence. 

Indeed, declines in cognitive functioning (Ettenhofer et al., 2009, 2010), including memory 

(Wright et al., 2011; Wright et al., 2009a; Barclay et al., 2007; Hinkin et al., 2004), are 

associated with decreased medical compliance; this phenomenon also appears to be the case 

for cocaine use (Barclay et al., 2007; Ettenhofer et al., 2009; Hinkin et al., 2004, 2007). This 

is a particularly vexing problem since cocaine-related verbal memory deficits may not only 

lead to worse functional outcomes, but active cocaine use may accelerate HIV replication 

(Tashkin et al., 2004), further highlighting the importance of targeted substance use/abuse 

interventions for persons with HIV.

Our results have implications for clinical practice. Of notable importance, is the HIV/Coc+ 

memory profile of acquisition adjusted versus non-adjusted measurement of memory. Our 

findings highlight the importance of clinically correcting for inattention and a decline 

in executive ability (e.g., organizational strategy), especially in the context of HIV and 

cocaine given the neurocircuitry involved (Spronk et al., 2013). Relying solely on traditional 

metrics can be misleading, as seen in this study. Specifically, memory performances 

should adjust for acquisition, if memory is being evaluated (see Wright et al., 2009 for a 

review). Additionally, HIV-related memory deficits are associated with decreases in medical 

compliance and daily functioning (Hinkin et al., 2002), so additional memory deficits 

caused by cocaine use could potentially exacerbate functional impairment in areas such as 

medication management, driving, employment, money management, cooking, and shopping 

(Heaton et al., 2004; Hinkin et al., 2002; Marcotte et al., 1999, 2004; see Wright et al., 

2009a for review). Additionally, our data suggest recommendations that specifically target 

the HIV-associated memory deficits, such as methods that improve the acquisition of new 

information rather than retrieval practice (Avci et al., 2017; Roediger & Butler, 2011). 

Finally, our findings also offer hope and incentive to patients, suggesting that abstinence 

from cocaine may confer cognitive benefit.

While our study suggests that recent, not past, cocaine use exacerbates verbal memory 

difficulties in HIV/AIDS via greater encoding deficits, our study also suffered from some 

limitations. The study did not include a healthy control group or a HIV-negative group 

with a history of cocaine use. Such comparisons would have allowed for a more detailed 

analysis and stronger conclusions about the independent, additive, and interactive effects 

of HIV serostatus and cocaine use. As such, this study can only speak to the effects of 

recent COC use in the setting of HIV and without a normative sample, differences observed 

between groups may not represent clinically relevant discrepancies (Frazer, Richards, & 

Keith, 2018). Nevertheless, discrepancies between healthy comparisons and participants 

with HIV are well documented (Heaton et al., 2004, Heaton et al., 2011; Hinkin et al., 

2008; Joska et al., 2010; Nightingale et al., 2014; Saylor et al., 2016). Our study evaluated 

the impact of cocaine use in HIV only on verbal memory and is a notable limitation, as 

other research has demonstrated discrepancies in attention, working memory, psychomotor 

speed, and executive functions (Baldewicz et al., 2004; Castelo et al., 2006; Durvasula et 

al., 2000; Heaton et al., 1995; Hinkin et al., 1990, 1995; Miller et al., 1990; Reger et al., 

2002; Schiller et al., 2009; Scott et al., 2006). The present study utilized a cross-sectional 
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design. A longitudinal and within-subjects design, in which participants’ performances are 

assessed while accounting for natural variation in the level of cocaine use over time, would 

have allowed us to better ascertain the impact of cocaine use on verbal memory in persons 

with HIV. Additionally, Finally, our methodology for determining history of cocaine use 

entailed self-report and urinalysis screen; while urinalysis is very accurate in this regard, 

it is only effective for a limited temporal window and, thus, we had to rely on self-reports 

regarding cocaine use that occurred several weeks prior to urine collection. That said, future 

research should also consider whether there are thresholds in terms of duration and severity 

of cocaine use that are related to long term declines in verbal memory in individuals with 

HIV.
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Figure 1. 
Item Specific Deficit Approach (ISDA) Encoding Defict Index for HIV/Coc− (N=57) and 

HIV/Coc+ (N=56) groups. Confidence intervals represent +/− one standard error of the 

mean (SEM).
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Table 1

Demographic Characteristics of HIV/Coc− and HIV/Coc+ Groups

Group

Demographic
Variable

HIV/Coc−
(N=57) M (SD)

HIV/Coc+
(N=56) M (SD) Test Statistic Effect

size

Age 41.98 (7.75) 43.54 (5.91) t (111)=−1.20 d=.23

Education (years) 12.93 (1.87) 13.43 (2.09) t (111)=−1.34 d=.25

Estimated Verbal IQ 105.02 (8.50) 104.64 (8.14) t (110)=.24 d=.04

% Male 75% 79% X2 (1,N=113)=.157 Øc=−.04

% Caucasian 19% 4% X2 (1,N=113)=6.862* Øc =.25

CD4 Count 471.61 (294.08) 434.49 (227.30) t (107)=.73 d=.14

% AIDS 70% 63% X2 (1,N=112)=.541 Øc=−.07

Major Depression 42% 29% X2 (1,N=113)=2.263 Øc=−.14

Cocaine

Abuse or Dependence 35% 22% X2 (1,N=112)=2.415 Øc=.15

Duration of Abuse and/or Dependence 248.23 (145.31) 161.85 (150.64) t (66)=2.41* d=.58

Alcohol

Abuse or Dependence 46% 41% X2 (1,N=113)=.237 Øc=.05

Duration of Abuse and/or Dependence 225.73 (186.85) 133.10 (209.15) t (40)=2.01 d=.47

Stimulants

Abuse or Dependence 74% 87% X2 (1,N=112)=3.274 Øc=−.17

Positive Toxicology
a 0% 0.01% X2 (1,N=111)=1.065 Øc=.10

Duration of Abuse and/or Dependence 199.54 (142.01) 59.20 (41.03) t (16)=2.14* d=1.34

Opiates

Abuse or Dependence 88% 78% X2 (1,N=112)=1.808 Øc=.13

Positive Toxicology 0% 4% X2 (1,N=111)=2.150 Øc=.14

Duration of Abuse and/or Dependence 379.20 (420.31) 197.50 (267.38) t (11)=.96 d=.52

Cannabis

Abuse or Dependence 58% 51% X2 (1,N=112)=.551 Øc=.07

Positive Toxicology 0% 33% X2 (1,N=111)=22.677** Øc=.45

Duration of Abuse and/or Dependence 206.57 (176.77) 254.00 (214.76) t (18)=−.50 d=.24

Abbreviation key. M (SD)=Mean and standard deviation. HIV/Coc−=HIV infected participants who report no cocaine use for four weeks prior to 
testing and verified by urine analysis. HIV/Coc+=HIV infected participants reporting cocaine use within four weeks of testing and/or were urine 
positive for cocaine metabolites; IQ=Intelligence Quotient; CD4= Cluster of Differentiation 4; AIDS=Acquired Immunodeficiency Syndrome

*
p < .05

**
p < .001

a
Amphetamines
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Table 2

Demographic Characteristics of HIV/CocDx− and HIV/CocDx+ Groups

Group

Demographic
Variable

HIV/CocDx−
(N=33) M (SD)

HIV/CocDx+
(N=80) M (SD) Test Statistic Effect

size

Age 42.76 (7.93) 42.75 (6.50) t (111)=.01 d=.00

Education (years) 13.55 (2.21) 13.03 (1.88) t (111)=1.27 d=.25

Estimated Verbal IQ 105.36 (8.37) 104.61 (8.29) t (110)=.43 d=.09

% Male 85% 73% X2 (1,N=113)=1.624 Øc=.12

% Caucasian 18% 9% X2 (1,N=113)=2.041 Øc =.13

CD4 Count 450.36 (242.16) 454.95 (273.34) t (107)=−0.08 d=.02

% AIDS 72% 65% X2 (1,N=112)=.702 Øc=−0.08

Major Depression 33% 36% X2 (1,N=112)=.087 Øc=0.03

Cocaine

Positive Toxicology 34% 58% X2 (1,N=111)=.087 Øc=0.07

Duration of Abuse and/or Dependence - 206.31 (153.12) - -

Alcohol

Abuse or Dependence 67% 34% X2 (1,N=113)=10.307* Øc=0.30

Duration of Abuse and/or Dependence 128.00 (82.68) 208.89 (217.39) t (40)=−.89 d=.49

Stimulants

Abuse or Dependence 88% 78% X2 (1,N=112)=1.448 Øc=0.11

Positive Toxicology
a 0% 0.01% X2 (1,N=111)=.409 Øc=.06

Duration of Abuse and/or Dependence 172.00 (144.07) 157.29 (140.57) t (16)=.18 d=.10

Opiates

Abuse or Dependence 88% 81% X2 (1,N=112)=.634 Øc=0.08

Positive Toxicology 0% 3% X2 (1,N=112)=.825 Øc=0.09

Duration of Abuse and/or Dependence 156.29 (40.60) 300.80 (373.72) t (11)=−.65 d=.54

Cannabis

Abuse or Dependence 78% 45% X2 (1,N=112)=10.113* Øc=0.08

Positive Toxicology 9% 19% X2 (1,N=112)=1.55 Øc=0.12

Duration of Abuse and/or Dependence 57.00 (72.12) 257.44 (199.07) t (18)=−1.39 d=1.34

Abbreviation key. M (SD)=Mean and standard deviation. HIV/CocDx−=HIV infected participants who did not meet diagnostic criteria for 
lifetime or current cocaine abuse or dependence. HIV/CocDx+=HIV who did not meet diagnostic criteria for lifetime or current cocaine abuse or 
dependence; IQ= Intelligence Quotient; CD4=Cluster of Differentiation 4; AIDS=Acquired Immunodeficiency Syndrome

*
p < .005

a
Amphetamines
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Table 3

Collinearity Between Traditional and ISDA CVLT-II Memory Metrics

1 2 3 4 5 6 7

1. CVLT-II Total Trials (1-5) - .773
*

.780
*

.697
*

−.922
*

−.633
*

−.309
*

2. CVLT-II Short Delay Free Recall - .840
*

.683
*

−.727
*

−.740
*

−.575
*

3. CVLT-II Long Delay Cued Recall - .725
*

−.727
*

−.772
*

−.324
*

4. CVLT-II Recognition Discriminability (d') - −.662
*

−.618
*

−.208
*

5. ISDA Encoding Deficit Index - .616
*

.288
*

6. ISDA Consolidation Deficit Index - .002

7. ISDA Retrieval Deficit Index -

Abbreviation key. ISDA=Item Specific Deficit Approach; CVLT-II=California Verbal Learning Test

*
p < .01 (two-tailed).
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