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Abstract

HIV-associated neurocognitive disorders (HAND) commonly feature verbal episodic memory 

impairment historically characterized by a retrieval deficit, consistent with a classic “subcortical” 

presentation; however, there are hints of a subtle shift toward a more “cortical” memory profile 

characterized by a primary encoding deficit. The current study evaluated this possibility by 

comparing the pattern of HAND-associated verbal episodic memory deficits to those of traditional 

“subcortical” (i.e., Huntington’s Disease; HD) versus “cortical” (i.e., left temporal lobe epilepsy 

with mesial temporal sclerosis; L-MTLE) profiles. Seventy-seven individuals with HAND, 47 

individuals with HD, 21 individuals with L-MTLE, and 45 healthy participants were administered 

the California Verbal Learning Test – 2nd Edition (CVLT-II). CVLT-II profiles were classified as 

reflecting a primary encoding deficit, retrieval deficit, or a normal profile. Among participants 

with a deficit profile, the HAND group showed the highest rates of retrieval versus encoding 

profiles (71% vs. 29%), followed by HD (59% vs. 41%), L-MTLE (46% vs. 54%), and healthy 

(50% vs. 50%) groups. While significant profile heterogeneity was observed across clinical 

groups, findings suggest that HIV-associated verbal episodic memory impairments are most 

consistent with a traditional “subcortical,” retrieval deficit profile, consistent with the primary 

frontostriatal neuropathogenesis of HIV disease.

Introduction

While advances in antiretroviral therapy have led to remarkable improvements in immune 

health outcomes and increased lifespans for those living with HIV infection, HIV-associated 

neurocognitive disorders (HAND) remain highly prevalent, affecting approximately half of 

infected individuals (Heaton et al., 2010). While the incidence of frank HIV-associated 

dementia (HAD) has declined, the pattern of neurocognitive deficits observed in HAND is 

typically mild-to-moderate in nature (Reger et al., 2002). There is considerable evidence to 

suggest that the deficits observed in HAND are primarily a consequence of a preferential 

adverse structural and functional impact of HIV neuropathology on fronto-striato-thalamo-

cortical (FSTC) loops (e.g., Ellis et al., 2009). However, unlike some other “hallmark” 
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neurodegenerative disorders in which pathology is typically endogenous and has some 

affinity for specific brain regions (e.g., Huntington’s disease), HIV is not typically 

associated with such a pattern of regional specificity; rather, the pattern of neuropathology 

tends to show considerable heterogeneity (Everall et al., 2009), affecting widespread 

temporal (e.g., hippocampus) and parietal cortices (Thompson et al., 2005) in addition to 

FSTC loops.

These widespread effects of HIV neuropathology, particularly in frontostriatal and temporal 

regions, serve as the foundation for an ongoing controversy in the neuroAIDS literature; 

namely, to what extent the pattern of HIV-associated neurocognitive impairment maps on to 

more “subcortical” (e.g., retrieval deficits, executive dysfunction, bradyphrenia) versus 

“cortical” (e.g., rapid forgetting, visuoperceptual deficits, and a degradation of semantic 

memory) distinctions (e.g., Chan et al., 2014; Brew, 2016). While historically, the pattern of 

neurocognitive impairment in HIV has been broadly categorized as “subcortical” in nature 

(e.g., Ragin et al., 2005), akin to classic frontostriatal disorders such as Huntington’s disease 

(HD), some authors have argued that as the prevalence of older adults living with HIV 

infection is increasing in the era of combination antiretroviral therapy (cART; Scott et al., 

2011), the pattern of impairment may be making subtle shifts toward a more “cortical” 

presentation, in line with prototypical disorders of the temporal cortex (e.g., Alzheimer’s 

disease; AD). This suggestion has been driven by pathological, neuroimaging, and 

neurobehavioral findings that are similar to what is observed in traditional “cortical” 

disorders. For example, neuropathological studies in HAND have reported decreased 

cerebrospinal fluid beta amyloid and increased tau concentrations (Brew, Pemberton, 

Blennow, Wallin, & Hagberg, 2005; cf. Ances et al., 2012), while neuroimaging studies have 

revealed smaller temporal lobe volumes in HIV-infected individuals (Jernigan et al., 2005). 

At the neurobehavioral level, support for this hypothesis has arisen from HIV-associated 

deficits on tests of visuoperception (e.g., Olesen, Schendan, Amick, & Cronin-Golomb, 

2007) as well as verbal and visual episodic memory (e.g., Sacktor et al., 2007). However, 

those in favor of the HIV “subcortical” hypothesis argue that the pattern of HIV-associated 

deficits in these domains is more suggestive of frontostriatal pathology (e.g., impaired 

working memory and executive function; Scott et al., 2011; Iudicello, Woods, Deutsch, 

Grant, & The HNRP Group, 2012).

One neurocognitive domain that is particularly useful for examining “subcortical” versus 

“cortical” distinctions is episodic memory. Prototypical “subcortical” disorders are widely 

held to be most consistent with what is deemed a “retrieval” (sometimes called “mixed 

encoding/retrieval”) deficit profile of episodic memory. It is estimated that 30–40% of HIV-

infected persons demonstrate this profile, which is characterized by poor immediate and 

delayed free recall in the setting of relatively intact recognition (Woods, Moore, Weber, & 

Grant, 2009). Individuals with this profile type occasionally also demonstrate mild encoding 

deficits, though such deficits are thought to be due to diminished use of higher level 

encoding strategies associated with executive dysfunction (e.g., semantic clustering; 

Gongvatana et al., 2007). By contrast, typically much smaller proportions of HIV-infected 

individuals demonstrate primary encoding deficit profiles, which are commonly associated 

with classic “cortical” disorders (e.g., AD, temporal lobe epilepsy; TLE). Encoding deficit 

profiles are characterized by a primary storage deficit resulting in poor performance on 
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measures of recall and recognition, as well as elevated rates of intrusion errors. In line with 

the controversy noted above, some authors have suggested that HAND may be evolving in 

the cART era (e.g., Brew, 2004) such that individuals may be evidencing verbal memory 

deficits that are more consistent with cortical pathology (e.g., rapid forgetting).

As such, the present study was designed to examine the extent to which HAND-associated 

verbal episodic memory impairments map onto deficits associated with prototypical 

“subcortical” (i.e., primary retrieval deficit) versus “cortical” (i.e., primary encoding deficit) 

disorders. In doing so, we directly compared verbal episodic memory performance, as 

indexed by the California Verbal Learning Test – 2nd edition (CVLT-II; Delis, Kramer, 

Kaplan, & Ober, 2000), across the following four groups: (1) HAND; (2) HD, a 

“subcortical” sample typically associated with a primary retrieval deficit; (3) left TLE with 

mesial temporal sclerosis (L-MTLE), a “cortical” sample typically associated with a primary 

encoding deficit (e.g., Messas, Mansur, & Castro, 2013; Jeyaraj et al., 2013); and (4) healthy 

comparison subjects. Using a previously established algorithm that has successfully 

discriminated between traditional “cortical,” “subcortical,” and “normal” groups (Massman 

et al., 1992; Filoteo, personal communication, 2016), individuals were classified as having 

an encoding deficit, retrieval deficit, or normal episodic memory profile. Given the literature 

reviewed above as well as the prominent frontostriatal neuropathology of HIV, we 

hypothesized that the HAND sample would show a similar pattern of deficits as the HD 

group, as evidenced by a larger proportion of retrieval deficit versus encoding deficit 

profiles. Alternately, the HAND group would evidence the opposite pattern as compared to 

the L-MTLE group, who we hypothesized would demonstrate a larger proportion of 

encoding deficit versus retrieval deficit profiles. Speaking to the magnitude of observed 

episodic memory impairments in HAND, we hypothesized that individuals with HAND 

would show mild-to-moderate deficits across primary CVLT-II indices, similar to the L-

MTLE sample. The HD sample was hypothesized to demonstrate the most pronounced 

CVLT-II deficits, as prior research has shown that symptomatic HD patients demonstrate 

profound impairments in episodic memory as compared to asymptomatic HD patients and 

healthy controls (Montoya et al., 2006).

Method

Participants

A total of 190 participants were included in the current study: 77 individuals with HAND, 

47 individuals with HD, 21 individuals with L-MTLE, and 45 healthy comparison subjects. 

All participants were drawn from larger parent studies conducted through the University of 

California, San Diego (UCSD), and are detailed below. The sample sizes differed across all 

4 groups as a function of different funding-driven enrollment demands of the separate parent 

studies from which participants were drawn and our own selection procedures for this 

investigation, which prioritized sample comparability in key demographics (e.g., age, 

education, sex, and ethnicity).

Both the HAND and healthy comparison samples were drawn from an NIH-funded R01 

studying the combined effects of age and HIV on neurocognition, which was conducted at 

the UCSD HIV Neurobehavioral Research Program (HNRP). These participants were 
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recruited from local HIV clinics and the San Diego community, and HIV serostatus was 

determined via enzyme-linked immunosorbent assay and confirmatory Western blot or 

MedMira Multiplo rapid test (MedMira Inc., Nova Scotia, Canada). HIV+ and healthy 

comparison subjects who met any of the following screening criteria were not enrolled into 

the R01 parent study, due to the criterion’s high potential to affect neurocognitive and/or 

neuropsychiatric functioning: severe psychiatric (e.g., schizophrenia) or neurologic illness 

(e.g., seizure disorder, active CNS opportunistic infections); substance dependence within 

one month of evaluation (as determined by the Composite International Diagnostic 

Interview, CIDI version 2.1; World Health Organization, 1998); Breathalyzer test positive 

for alcohol (i.e., blood alcohol content >0.0 on two administrations) or urine toxicology 

screen positive for illicit drugs (excluding marijuana) on the day of evaluation.

This study focused on only those HIV+ who were diagnosed with HAND as we aimed to 

examine patterns of verbal episodic memory functioning solely in those who evidence HIV-

associated neurocognitive impairment. HAND diagnoses were made in accordance with 

current Frascati criteria (Antinori et al., 2007), a method that is widely used and well-

validated for diagnosing HAND (e.g., Heaton et al., 2010; cf. Gisslén, Price, & Nilsson, 

2011). In brief, HAND diagnoses were based on the results of a comprehensive 

neuropsychological evaluation that assessed seven neurocognitive domains that are 

commonly affected in HAND (see Doyle et al., 2013 for details on specific assessments). 

For the purposes of this study, performance on the CVLT-II was excluded from the 

determination of HAND diagnoses. A global deficit score (GDS; see Carey et al., 2004) was 

calculated based on performance across the neurocognitive assessments. In this approach, 

individual raw scores from neurocognitive measures are converted to demographically-

adjusted T scores using published normative data. Resulting T scores are then transformed 

into deficit scores, which range from 0 (T ≥ 40) to 5 (T < 20). GDS is calculated by 

averaging deficit scores across all measures, and a standard cutoff score of ≥0.5 (i.e., 

indicating that the participant demonstrated impaired performance on at least half of the 

neurocognitive assessments) indicated a diagnosis of HAND. Thirty-four of the HAND 

participants (77.3%) met criteria specifically for Asymptomatic Neurocognitive Impairment 

(ANI) and the remainder of participants (22.7%) met criteria for Minor Neurocognitive 

Disorder (MND). No participant was diagnosed with HIV-associated Dementia (HAD).

Individuals with HD were recruited from the Huntington’s Disease Clinical Research 

Program at UCSD. A diagnosis of HD was made by a senior staff neurologist. All HD 

patients were diagnosed with definite HD on the basis of unequivocal motor signs on the 

Unified Huntington’s Disease Rating Scale (UHDRS; Huntington Study Group, 1996) and a 

positive family history for HD. Based on the UHDRS motor exam, the neurologist assigned 

a diagnostic confidence rating representing the evaluator’s certainty that the presence of 

motor abnormalities were a manifestation of HD. Ratings are defined as: 0 = normal (no 

abnormalities), 1 = non-specific motor abnormalities (<50% confidence that the participant 

has sufficient motor abnormalities to warrant a diagnosis of HD), 2 = motor abnormalities 

that may be signs of HD (50–89% confidence), 3 = motor signs that are likely signs of HD 

(90–98% confidence), 4 = motor abnormalities that are unequivocal signs of HD (>99% 

confidence). All HD patients received a score of 4; therefore, they met the criteria for a 

diagnosis of manifest HD. In HD participants, the mean UHDRS Total Motor Score (TMS) 
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was 33.8 (SD= 16.2) and the mean UHDRS Total Functional Capacity Score (TFC) was 7.4 

(SD= 2.1). The UHDRS TMS ranges from 0–124, with higher scores suggestive of more 

severe motor impairment. The UHDRS TFC ranges from 0–13, with lower scores suggestive 

of increased disability. In addition, all HD participants had a CAG repeat length greater than 

39, indicating that all carried the fully penetrant genetic mutation for HD. The mean number 

of CAG repeats in the HD group was 46.1 (SD= 3.6) Exclusion criteria included a history of 

neurological disorders (with the exception of HD), a formal diagnosis of a severe psychiatric 

disorder (e.g., psychosis prior to the onset of HD), or history of traumatic brain injury.

Within the MTLE sample, analysis was restricted to patients with medically refractory L-

MTLE, as this subgroup, with visibly evident left hippocampal pathology, was expected to 

show the most classic verbal encoding deficit among patients with MTLE (e.g., Jeyaraj et 

al., 2013). Patients with L-MTLE were drawn from a NIH-funded R01 on the use of 

multimodal neuroimaging in preoperative planning for epilepsy surgery, conducted at the 

UCSD Multimodal Imaging Laboratory. At the time of enrollment, all patients were under 

evaluation for surgical treatment at the UCSD Epilepsy Center. They were diagnosed with 

medically refractory epilepsy by board-certified neurologists with expertise in epileptology, 

according to the criteria defined by the International League Against Epilepsy. Patients were 

classified as L-MTLE based on seizure onsets recorded by video-EEG monitoring and 

seizure semiology. Where clinically indicated, patients underwent Phase II video-EEG 

monitoring using 5-contact foramen ovale electrodes to exclude bilateral independent 

seizure onsets. MRIs were visually inspected by a board-certified neuroradiologist to 

confirm (1) the presence of unilateral left MTS in all patients and (2) the absence of dual 

pathology. No patients showed evidence of contralateral MTS or visible extra-hippocampal 

pathology on clinical MRI. L-MTLE patients with any comorbid neurological conditions, as 

well as those with a comorbid psychiatric disorder requiring inpatient hospitalization, were 

excluded from this study.

Basic demographic and disease-specific characteristics are outlined in Table 1. Study groups 

were comparable with respect to age and education, though consistent with the 

epidemiology of the clinical groups, significant group differences were observed for gender 

and race/ethnicity, such that the HAND group included a higher proportion of males as 

compared to the three other groups (ps<.05), and the HD group was comprised of a larger 

proportion of Caucasian participants as compared to the three other groups (ps<.05).

Materials and Procedure

These studies were approved by the human research protections program at UC San Diego, 

and all participants provided written, informed consent within their parent studies. The 

HAND, L-MTLE, and healthy comparison groups were paid a nominal fee for study 

participation. The HD group completed the neuropsychological evaluation as part of an 

annual exam, and were not paid for participation.

California Verbal Learning Test – 2nd Edition (CVLT-II)—As part of their respective 

parent studies, all participants completed the CVLT-II (Delis, Kramer, Kaplan, & Ober, 

2000). The CVLT-II is a list-learning episodic verbal memory measure that consists of two 
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16-item word lists (lists A and B). The 16 words on each list belong to four different 

semantic categories; each category contains four words. List A is presented over five 

consecutive learning trials (i.e., verbal presentation and immediate recall), while List B is 

presented in a single learning trial after the final presentation of List A. Following the List B 

single learning trial, participants are asked to recall List A spontaneously (short-delay free 

recall) and then following semantic cues (short-delay cued recall). After a 20 minute delay, 

participants are again asked to recall List A spontaneously (long-delay free recall) and then 

with semantic cues (long-delay cued recall). Participants are then administered a recognition 

test in which they are presented with the 16 target words intermixed among 32 other non-

target words, and are asked to respond “yes” if the word was from List A and “no” if it was 

not.

Here we leverage the most reliable and well-established aspects of the CVLT-II toward the 

aims of our study, which was focused on the classic cortical vs. subcortical profile of 

memory dysfunction. This approach used well-validated algorithms that take into account 

overall learning, intrusion errors, and recognition performance, which have shown to 

discriminate AD from HD. In considering whether to apply other CVLT-II indices in this 

regard, we were mindful of type I error risk, as was raised by prior reviewers. Particularly in 

the absence of any a priori hypotheses: That is, while other aspects of the CVLT-II provide 

useful process information, they do not necessarily help one to distinguish between 

traditional cortical vs. subcortical conditions any better than the primary well-validated 

metrics we used here. As such, we would argue that our study provides a more conservative, 

focused approach to assessing a complex question regarding HIV disease. For descriptive 

purposes, raw scores on primary CVLT-II variables across the four groups are displayed in 

Table 2. All other CVLT-II variables utilized in this study were either T or Z scores, for 

which the CVLT-II provides demographic adjustments for age and gender.

A discriminant function algorithm was used to classify participants into one of three 

memory profile groups (i.e., encoding deficit, retrieval deficit, or normal profile) according 

to a prior study from which it was derived (Massman et al., 1992). The algorithm, which was 

originally derived from the first version of the CVLT (Delis, Kramer, Kaplan, & Ober, 

1987), was based on the performance of individuals with AD (i.e., “cortical” disorder 

group), HD (i.e., “subcortical” disorder group), and a healthy sample. The current study used 

an updated algorithm that was derived from performance on the CVLT-II (Filoteo, personal 

communication, 2016). The updated algorithm utilized the same following indices as the 

original Massman et al. (2012) algorithm, based on their ability to discriminate between the 

three patient groups: 1) Trials 1–5 Total T score; 2) Total Cued Recall Intrusions z-score; 

and 3) Total Recognition Discriminability z-score relative to the Trial 5 z-score. In the 

original Massman et al. (1992) study, the Trials 1–5 Total T score was found to discriminate 

between the healthy sample and the two clinical samples, mapping onto findings that have 

shown that learning tends to be deficient in both cortical and subcortical disorders relative to 

healthy adults (e.g., Delis et al., 1991). The Total Cued Recall Intrusions Z score 

discriminated performance of those with AD from those in the HD and healthy adult 

samples, in concordance with work that has shown that those with cortical disorders are 

more likely to demonstrate an encoding deficit by eliciting higher numbers of recall 

intrusions relative to controls and those with subcortical disorders (e.g., Delis et al., 1991). 
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Finally, the Total Recognition Discriminability z-score was found to discriminate 

performance of those with HD from the AD and healthy adults, in concordance with studies 

that have shown that those with subcortical disorders are more likely to show a retrieval 

deficit by demonstrating greater improvement on recognition testing relative to free recall, as 

compared to healthy adults and those with cortical disorders (e.g., Delis et al., 1991). For 

each profile type, the three CVLT-II variables was multiplied by a coefficient that was 

established in the discriminant function analysis (Filoteo, personal communication, 2016). 

Resulting scores for each profile type were compared for each participant; their highest 

score determined what profile type they were designated. For example, a participant with a 

50T on Trials 1–5, a z-score of 1 on Cued Recall Intrusions, and a z-score of 1.5 on 

Recognition Discriminability and a z-score of .5 Trial 5 would receive a Normal Profile 

score of 14.9 ([50 × 0.739] + [1.0 × 0.473] + [1.5−0.5−0 × 2.229] −24.75), an Encoding/

Storage Deficit Profile of 11.7 ([50 × 0.375] + [1.0 × 1.819] + [1.5−0.5 × 0.484] − 9.343), 

and Retrieval Deficit Profile score of 13.2 ([50 × 0.361] + [1.0 × 0.421] + [1.5−0.5 × 1.7] 

− 6.951) and would thus be classified as having a “normal” profile. In the original Massman 

et al. (1992) study, the algorithm demonstrated a robust ability to differentiate between 

memory profiles associated with these neurological populations, as 90% of individuals 

across the study were correctly classified into their respective groups. The utility of this 

algorithm has been demonstrated in several other neurologic populations, including 

Parkinson’s disease (e.g., Filoteo et al., 1997; Weintraub et al., 2004), schizophrenia 

(Paulsen et al., 1995), and HIV disease (e.g., Obermeit et al., 2015).

In addition, we opted to examine performance on primary CVLT-II measures in an 

exploratory fashion.

Results

Table 2 details group outcomes and effect sizes on CVLT-II primary variables; Tukey HSD 

corrections were applied in an effort to limit Type I error due to multiple comparisons. Our 

total sample size of 190 afforded adequate power (1-B = .95) to detect medium omnibus 

effect sizes (f = .25) using a critical alpha of .05. A series of ANOVAs showed omnibus 

differences were observed across all primary CVLT-II indices (ps <.001). Post-hoc tests 

showed that the HAND group performed significantly worse as compared to the healthy 

comparison group (ps<.05), with large effect sizes across free recall measures and medium 

effects for recognition. The HAND group performed significantly better as compared to the 

HD group across all indices (ps<.05), with medium-to-large effect sizes on free recall and 

large effects for recognition.

The primary study hypothesis was tested via a multinomial regression analysis, with the 

three-level CVLT-II profile variable serving as the criterion and clinical group as the 

predictor. Demographic covariates in this model were selected for inclusion based on 

meeting the following criteria: (1) significant omnibus group differences on the variable as 

indicated in Table 1; and (2) the variable showed significant associations (via chi square or t-

tests where appropriate) with the criterion (i.e., CVLT-II profile type) within the overall 

study sample. As such, ethnicity was included as a covariate in the regression model as it 

was significantly associated with CVLT-II profile type (χ2(2)=8.2, p=.02); however, gender 
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was not included as the relationship between gender and CVLT-II profile type in the overall 

sample was not significant (χ2(2)=1.2, p=.56).

The overall multinomial regression model was significant (χ2(8)=44.9, p<.001), with 

clinical group emerging as a significant predictor of CVLT-II profile type (χ2(6)=36.7, p<.

001). The effect of ethnicity was not significant (p=.47). Overall rates of CVLT-II deficit 

profiles (i.e., collapsed across deficit profile type) were such that the HD group evidenced 

the highest proportion of individuals with a CVLT-II deficit profile (87.3%), with the HAND 

(62.4%) and TLE (61.9%) groups falling intermediate to the healthy comparison group 

(22.2%). There were no significant differences in the CVLT-II deficit profiles of HAND 

participants with ANI versus those with MND (p = .815). Moreover, CVLT-II deficit profiles 

were not associated with any HIV disease or treatment variable listed in Table 1 (all ps > .

10).

Restricting the sample to those who demonstrated a CVLT-II deficit profile (Healthy n = 10; 

HD n = 41; TLE n = 13, and HAND n = 48), Figure 1 displays the proportions of encoding 

and retrieval deficit profiles that were observed across the study groups. The HAND group 

evidenced higher rates of retrieval deficit (70.8%) versus encoding deficit (29.2%) profiles. 

This pattern was in the same direction as that which was observed in the HD group (58.5% 

retrieval deficit vs. 41.5% encoding deficit), and the HAND and HD groups did not 

significantly differ from one another (χ2(2)=1.5, p=.22, odds ratio = 1.7 [95% confidence 

interval 0.7, 4.1). Conversely, the L-MTLE group evidenced the opposite pattern of profile 

proportions (46.1% retrieval deficit vs. 53.9% encoding deficit), but did not differ 

significantly from the HAND group (χ2(2)=2.8, p=.10, odds ratio = 2.8 [95% confidence 

interval 0.8, 9.9). Finally, the healthy comparison group evidenced equal proportions of 

retrieval deficit (50%) and encoding deficit profiles (50%), which was not significantly 

different from the HAND group (χ2(2)=1.6, p=.20, odds ratio = 2.4 [95% confidence 

interval 0.6, 9.7). Figure 2 displays demographically-adjusted Z scores of primary CVLT-II 

indices across the study groups for descriptive purposes.

Discussion

One ongoing controversy in the neuroAIDS literature is the extent to which cART era 

neurocognitive deficits map onto a pattern of “subcortical” versus “cortical” distinctions. 

While historically, HAND has been broadly classified as most consistent with a 

“subcortical” pattern of deficits, more recent pathological and neurobehavioral studies have 

suggested increased “cortical” dysfunction in the era of cART, as HIV-infected individuals 

are now aging into later decades of life with what is now known as a chronic illness. The 

current study attempts to address this question by being the first study to our knowledge to 

directly compare verbal episodic memory performance in HAND to that of prototypical 

“subcortical” (i.e., HD) and “cortical” (i.e., MTLE) disorders. Consistent with previously 

reported prevalence rates, approximately 60% of individuals with HAND in the present 

study demonstrated impaired verbal episodic memory based on the results of a widely used 

algorithm that was developed to discriminate between “subcortical,” “cortical,” and 

“normal” memory profiles on the CVLT-II. In accordance with our primary hypothesis, 

among those with HAND who evidenced a CVLT-II deficit profile, a larger proportion of 
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individuals demonstrated retrieval versus encoding deficit profiles, akin to the prototypical 

“subcortical” group. Specifically, this profile was characterized by better performance on the 

Recognition Discriminability index of the CVLT-II relative to performance on the Total 

Trials 1–5 and Cued Recall Intrusions. This distribution of profile types is consistent with a 

host of studies that have demonstrated that HIV neuropathology affects frontostriatal 

circuitry preferentially (e.g., Ellis et al., 2009), and is most consistent with a “subcortical” 

pattern of deficits. Also consistent with our hypotheses, the distribution of retrieval versus 

encoding deficit profiles in HAND was in opposition to that which was observed in the 

prototypical “cortical” (i.e., L-MTLE) group, who demonstrated higher proportions of 

encoding versus retrieval deficit profiles (however, the HAND and L-MTLE groups did not 

differ significantly from each other). This finding in the L-MTLE group is broadly 

consistent with the typical pattern of neuropathology seen in MTLE, which is characterized 

by prominent damage to the hippocampus, entorhinal, and parahippocampal cortices 

(Bonilha et al., 2007). However, the magnitude of HIV-associated deficits were similar to 

that which was observed in the L-MTLE group, with an overall pattern of mild-to-moderate 

deficits across CVLT-II primary variables. In turn, the HD group demonstrated large 

magnitude deficits across the majority of CVLT-II indices. Of note, these findings were not 

better explained by demographic characteristics.

While the observed patterns of CVLT-II deficit profile distributions occurred in the expected 

directions across the groups, there were no significant differences in deficit profile types 

between HAND and any of the comparison groups. In spite of this, there was significant 

profile type heterogeneity observed within all clinical groups, particularly within the classic 

“subcortical” (i.e., HD) and “cortical” (i.e., MTLE) groups, who evidenced roughly similar 

proportions of retrieval and encoding deficit profiles. Possible reasons for these observed 

patterns in the classic “subcortical” and “cortical” disorder groups include neuropathological 

variability (i.e., many MTLEs have associated subcortical pathology; Thom et al., 2009), 

measurement error, and the influence of secondary variables (e.g., cognitive reserve; 

medication effects) that were not obtained in the current study. While our findings largely 

converged with a host of studies providing evidence for a primary pattern of “subcortical” 

deficits in HAND continuing through the cART era (e.g., Iudicello et al., 2012; Scott et al., 

2011), the HAND group also displayed a degree of profile heterogeneity, with nearly one 

third of individuals demonstrating a primary encoding deficit, characterized by elevated cued 

recall intrusion errors relative to poor performance on recognition discriminability and 

learning trials. A number of clinical researchers have postulated that older age in the context 

of HIV may confer an altered expression of HAND that is reflective of cortical pathology, or 

even an early AD process (Brew, Croww, Landay, Cysique, & Guillemin, 2009); however, a 

post hoc analysis revealed no association between age and verbal episodic memory profile 

type in the HAND sample (p=.95), consistent with prior studies that have examined the 

aging/HIV question and did not report evidence of an AD-like presentation in older HIV+ 

individuals (e.g., Scott et al., 2011). As with the other clinical groups in this study, it remains 

unclear what mechanisms may be driving the heterogeneous findings within the HAND 

group, and may be an appropriate question for future studies. However, it is of note that 

other studies have observed similar variability in verbal episodic memory profiles when 

using the same discriminant function algorithm, both within HIV (e.g., Obermeit et al., 
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2015) as well as other neurodegenerative populations (e.g., HD; Delis et al., 2005; 

Parkinson’s disease; Filoteo et al., 1997).

As displayed in Figure 2, the HAND group demonstrated a stable deficit pattern across 

Trials 1–5, Trial B, and both Short- and Long-Delay Free Recall trials. As expected, they 

showed an increase in performance on the Recognition Discriminability trial relative to the 

Free Recall trials, consistent with a primary retrieval deficit (i.e., poor recall in the setting of 

relatively better recognition). Both other clinical groups showed this pattern as well, which 

was an unexpected finding in the L-MTLE group; we had expected to observe similar 

performance on free recall and recognition discriminability trials in L-MTLE, consistent 

with a primary encoding deficit. However, this finding again speaks to the significant 

heterogeneity within patients with L-MTLE and new evidence indicating significant frontal-

subcortical pathology in many patients with medically refractory L-MTLE, which may be 

reflect neurodevelopmental or neurodegenerative processes (McDonald et al., 2008; 

Kemmotsu et al., 2011). Another possible interpretation is that individuals with L-MTLE 

may be using compensatory mechanisms to boost memory performance, as prior work by 

Dupont and colleagues (2000) showed that L-MTLE patients demonstrated increased 

activation in various brain networks (particularly prefrontal regions) during episodic 

memory tasks.

Several limitations of the current study design are worth noting. First, this study focused 

exclusively on verbal episodic memory deficits, specifically via a list-learning task. Indeed, 

HIV-associated episodic memory deficits are readily observed on a variety of tasks, 

including both verbal (e.g., passages) and visual (simple and complex designs; see Woods et 

al., 2009 for a review) measures. Moreover, the current study utilized solely one measure of 

episodic verbal memory, the CVLT-II, as to our knowledge it is the only measure for which 

an established verbal episodic memory deficit profile algorithm has been established. 

Second, the drawing of samples from unrelated parent studies resulted in an inability to 

glean a host of sample characteristics on which we could compare groups, in particular, 

characteristics that theoretically could relate to the primary outcome variables in this study 

(e.g., lifetime psychiatric and substance use disorders, medical comorbidities, premorbid 

intellectual functioning, etc.). Moreover, global level of cognitive impairment could 

represent a confound to the interpretation of the present findings. Regretfully, because these 

study samples were drawn from different research protocols, we did not have a single 

screening measure that was common across the populations. Nevertheless, we took a 

conservative approach to this question by including Trial 1 of the CVLT-II in the primary 

multinomial regression model as a proxy for overall impairment. Despite the risk of criterion 

contamination in taking this approach, the model was still significant with independent 

contributions of group and CVLT-II Trial 1 (ps < .001). Of course, none of the participants 

met criteria for HAD, which might produce a different learning and memory profile, as 

previously shown by our group (e.g., Scott et al., 2006). Another limitation of these findings 

has to do with their generalizability to older HIV+ adults, who may arguably be at even 

greater risk of “cortical” deficits than their younger HIV+ counterparts. Nevertheless, there 

was no age effect on CVLT-II profiles in this relatively young HAND cohort (p = .94) and 

the rates of encoding vs. retrieval profiles among participants with CVLT-II deficits is 

comparable to those reported in much older HIV+ persons (e.g., Scott et al., 2010). Finally, 
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because we limited our TLE cohort to well-characterized patients with medically-refractory 

L-MTLE (i.e., those with significant left hippocampal pathology), the sample size was small 

relative to the other groups. This may have limited our ability to detect pairwise differences 

for several CVLT-II variables outlined in Table 2.

In sum, the results reported herein suggest that HIV-associated verbal episodic memory 

impairment manifests in a manner similar to classic “subcortical” disorders, whereby there is 

a higher prevalence of retrieval as opposed to encoding deficits. Such findings are consistent 

with the prominent frontostriatal pathology of HIV infection. However, we observed 

significant heterogeneity (although group comparisons did not reach significance) in the 

distribution of profile types as well as unexpected performances on CVLT-II primary 

variables across all clinical groups. The source of such variability is unknown, and thus 

future investigations in this regard, in particular neuropathological and neuroimaging 

studies, are warranted. The clinical implications of these findings are two-fold. First, these 

data might help with differential diagnosis of HAND from other conditions, particularly as 

the HIV+ population ages and questions regarding possible Alzheimer’s disease and other 

common dementing disorders become more frequent. Second, these data may have 

ecological relevance; for example, recent work by Obermeit and colleagues (2015) found 

that retrieval deficits, but not encoding deficits, are associated with antiretroviral non-

adherence. It is reasonable to posit that these learning and memory deficit types may map 

onto other distinct functional, health-related, and quality of life factors among persons with 

HAND.
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Figure 1. 
Distribution of CVLT-II deficit profile types across the study groups.

Note. HC=Healthy comparison (n=10). HAND=HIV-associated neurocognitive disorders 

(n=48). TLE=temporal lobe epilepsy (n=14). HD=Huntington’s disease (n=41). CVLT-II = 

California Verbal Learning Test – Second Edition.
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Figure 2. 
CVLT-II normative Z-scores by study group (only amongst those with CVLT-II deficit 

profiles).

Note. CVLT-II = California Verbal Learning Test-Second Edition; T=trial; SDFR = short-

delay free recall; LDFR = long-delay free recall; d′ = recognition discriminability index. 

HC=Healthy comparison (n=10). HAND=HIV-associated neurocognitive disorders (n=48). 

TLE=temporal lobe epilepsy (n=14). HD=Huntington’s disease (n=41).
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