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Abstract

Component cognitive and motor processes contributing to diminished visuomotor procedural 

learning in HIV infection with comorbid chronic alcoholism (HIV+ALC) include problems with 

attention and explicit memory processes. The neural correlates associated with this constellation of 

cognitive and motor processes in HIV infection and alcoholism have yet to be delineated. 

Frontostriatal regions are affected in HIV infection, frontothalamocerebellar regions are affected 

in chronic alcoholism, and frontolimbic regions are likely affected in both; all three of these 

systems have the potential of contributing to both visuomotor procedural learning and explicit 

memory processes. Here, we examined the neural correlates of implicit memory, explicit memory, 

attention, and motor tests in 26 HIV+ALC (5 with comorbidity for nonalcohol drug abuse/

dependence) and 19 age-range matched healthy control men. Parcellated brain volumes, including 

cortical, subcortical, and allocortical regions, as well as cortical sulci and ventricles, were derived 

using the SRI24 brain atlas. Results indicated that smaller thalamic volumes were associated with 

poorer performance on tests of explicit (immediate and delayed) and implicit (visuomotor 

procedural) memory in HIV+ALC. By contrast, smaller hippocampal volumes were associated 

with lower scores on explicit, but not implicit memory. Multiple regression analyses revealed that 

volumes of both the thalamus and the hippocampus were each unique independent predictors of 

explicit memory scores. This study provides evidence of a dissociation between implicit and 

explicit memory tasks in HIV+ALC, with selective relationships observed between hippocampal 

volume and explicit but not implicit memory, and highlights the relevance of the thalamus to 

mnemonic processes.
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Introduction

Visuomotor skill learning is a complex function that depends on multiple, dissociable 

mnemonic and nonmnemonic component processes, including selective attention, working 

memory, explicit (declarative) memory, visuospatial abilities, and motor skills (Corkin, 

1968; Fama et al., 2012). A recent behavioral study examining cognitive component 

processes of visuomotor procedural learning in HIV infection and chronic alcoholism (Fama 

et al., 2012) reported that attention and explicit memory contributed to overall visuomotor 

learning and retention in individuals with comorbid HIV infection and chronic alcoholism.

Over the past two decades, a number of studies have documented cognitive and motor 

deficits associated with HIV infection with and without concomitant alcoholism and their 

relationship with brain structure (Gonzalez et al., 2008; Heaton et al., 2011; [reviewed in 

Neuropsychology Review: Maki et al., 2009; Woods et al., 2009]); however, the neural 

correlates that contribute to implicit and explicit memory compromise in HIV-alcoholism 

comorbidity have not been fully explicated (Chang et al., 2001; Clifford and Ances, 2013; 

Heaton et al., 2011; Maki et al., 2009; Rothlind et al., 2005). Structural brain imaging 

studies have revealed regional brain volume deficits in the thalamus and frontal lobes in 

both HIV infection and chronic alcoholism and the cingulate cortices in chronic alcoholism 

(Pfefferbaum et al., 2012), structures intimately involved in mnemonic processes. 

Additionally, frontostriatal, frontothalamocerebellar, and frontolimbic structures are 

potentially compromised in HIV-alcoholism comorbidity: the striatum from HIV infection 

(Castelo et al., 2006; Chang et al., 2001), frontocerebellar sites from chronic alcoholism 

(Harper and Kril, 1993; Sullivan, 2003), and, thus, frontolimbic sites likely occurring in both 

conditions.

Having previously established behavioral relations between visuomotor procedural learning 

and attention and memory processes in HIV infection with alcoholism comorbidity (Fama et 

al., 2012), we now focused on the neural correlates of these cognitive processes. 

Accordingly, the aims of the present study were to identify brain-behavior relations in HIV 

with substance abuse comorbidity, primarily alcoholism, that are associated with visuomotor 

procedural memory and cognitive processes known to contribute to implicit memory 

performance, including explicit memory and attention.

We tested the following hypotheses: (1) impaired visuomotor procedural learning and 

retention would be related to structural deficits associated with HIV infection and 

alcoholism including regional volume deficits of the thalamus, cingulate, frontal lobes, and 

hippocampus and (2) brain regions would differentially contribute to dissociable cognitive 

component processes. We also tested the double dissociation hypothesis that implicit 

memory scores would be primarily predicted from thalamus volumes, whereas explicit 

memory scores would be primarily predicted from hippocampus volumes. We hypothesized 

that in individuals with HIV infection and chronic alcoholism, extra-hippocampal regions, 

particularly the thalamus, cingulate, and frontal regional volumes, would contribute more to 

visuomotor (implicit) memory performance than explicit memory performance, whereas the 

hippocampus would contribute more to explicit memory than visuomotor (implicit) memory 

performance.
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Methods

Two groups of subjects were examined: (1) 26 HIV+ALC men who were recruited from 

HIV clinics to be positive for HIV infection and to meet criteria for alcohol dependence 

(n=22) or abuse (n=4) within 3 years of study entry; (2) 19 age-range matched normal 

control (NC) men who were neither positive for HIV infection nor met alcohol dependence 

or abuse criteria or any other Axis-I diagnosis in their lifetime based on laboratory tests and 

SCID interviews. Participants were part of an ongoing longitudinal study on the effects of 

HIV infection and alcohol on brain structure and function. These 45 study participants were 

a subset of a larger group of 48 HIV+ALC and NC subjects from our previous study (Fama 

et al., 2012); excluded were the 2 HIV+ALC and 1 NC participant who did not have 

imaging data. All subjects gave written informed consent to participate in this study, which 

was approved by the Institutional Review Boards of Stanford University, SRI International, 

and Santa Clara Valley Medical Center. Demographic data for the participant groups are in 

Table 1.

The HIV+ALC and NC groups did not differ significantly in age or estimated IQ score 

based on the National Adult Reading Test (Nelson, 1982). The HIV+ALC group had fewer 

years of education (t(43)=2.69, p=.01) and a higher level of depression symptoms as 

assessed with the Beck Depression Inventory-II (Beck et al., 1996; Sassoon et al., 2012) 

than the NC group. As expected, the HIV+ALC group drank significantly more alcohol in 

their lifetime than the controls.

All participants were screened using the Structured Clinical Interview for DSM-IV (SCID) 

(First et al., 1998) and structured questionnaires on health status. Upon initial assessment, 

exclusionary criteria for HIV+ALC were history of schizophrenia or bipolar disorder, 

neurological disorder unrelated to HIV infection or chronic alcoholism, HIV-related 

opportunistic infection, or drug dependence or abuse within the past 3 months. Normal 

control participants were excluded from the study if they met criteria for any Axis I disorder 

or had a neurological disorder or serious medical condition. Non-removable ferrous metal 

was an additional exclusion for both subject groups. All participants admitted to the study 

underwent a semi-structured interview to quantify lifetime alcohol consumption (Skinner, 

1982; Skinner and Sheu, 1982). All HIV+ALC subjects had a CD4 cell count >100 cells per 

mm3 and a Karnofsky score (Karnofsky, 1949) >90 at time of study entry. At the time of 

testing, 4 HIV+ALC subjects had CD4 cell counts below 200 and 14 subjects had CD4 cell 

counts above 500. Almost all HIV+ALC subjects (23 of 26 individuals) were on HAART; 

10 HIV+ALC subjects tested positive for Hepatitis C.

Of the 26 HIV+ALC participants, 23 individuals (88.5%) had a lifetime history of DSM-IV 

drug abuse or dependence at the time of testing. Although an exclusion criterion for study 

entry was a drug-related diagnosis within the past 3 months, the subjects included in this 

study were generally tested during follow-up. For those participants with drug history, mean 

length of remission (time since last met DSM-IV criteria for any drug abuse or dependence 

including marijuana) was approximately 100.7+93.9 months (median = 69.0 months; range 

0.5 to 330.8 months) at time of testing. Only two participants met DSM-IV criteria for drug 

abuse or dependence within the year prior to their testing visit: one was 0.5 months sober 
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and the other was 7.1 months sober. The most common drugs of abuse were cocaine, 

reported by 17 out of the 23 HIV+ALC individuals with drug history, followed by 

amphetamines, reported by 10 out of the 23 individuals with drug history. Use of opioids or 

hallucinogens was less frequently reported. Of the 26 HIV+ALC subjects, 21 had a longer 

reported duration of alcohol than non-marijuana drug abuse or dependence.

Rotary Pursuit Test

The Rotary Pursuit Test (Buxton and Grant, 1939; Corkin, 1968) has often been used to 

assess visuomotor procedural learning and memory. Using a stylus, subjects track a circle of 

light rotating counterclockwise on a turntable. The stylus is held directly over the circle of 

light without touching the glass surface. A clicking sound indicates to subjects when they go 

on and off the light target. Using their preferred hand, subjects were titrated to a turntable 

speed at which they could keep contact with the target for 5 seconds of a 20 second trial (cf. 

Heindel et al., 1988). This speed was retained for all trials for a given subject. Each 

participant received 4 learning sessions spaced over 2 test days (2 learning sessions per day), 

and each session consisted of 8 trials lasting 20 seconds each. A 1-minute rest period was 

given between trials 4 and 5 of each session. Sessions 1 and 2 and sessions 3 and 4 were 

separated by at least 1 hour. Sessions 2 and 3 were separated by at least 1 day; the median 

time being 1 day, with 2 subjects having testing days separated by more than one week, the 

longest being 32 days. Time on target was recorded for each trial. Total learning score was 

operationally defined as the difference between time on target for Session 4 (average of the 

8 trials) and Session 1 (average of the 8 trials).

Ancillary Cognitive Tests

To examine the neural correlates of cognitive component processes associated with implicit 

memory processes subjects completed tests of attention (Wechsler Memory Scale – Revised 

(WMS-R); Wechsler, 1987) simple motor (Fine Finger Movement Test; Corkin, 1968), 

psychomotor (Symbol Digit Test; Smith, 1973), verbal and visual, immediate and delayed 

explicit memory (WMS-R), and balance (Walk-a-Line Ataxia Battery; Fregly et al., 1972) 

abilities.

MRI Scanning and Quantification

MRI data were acquired on a 3T GE scanner with a volumetric SPGR (Spoiled Gradient 

recalled) sequence (1.25-mm thick slices; skip=0 mm; TR=6.5s; TE=1.54ms; 

matrix=256×256). Dual-echo FSE (fast spin-echo) sequences were also obtained for brain 

extraction and automated fluid-tissue compartmentalization. All scans were read by a 

clinical neuroradiologist to ensure that there were no space-occupying lesions or other 

dysmorphology precluding automatic quantification. Brain regions of interest (ROIs) were 

selected based on previous reports concerning brain-behavior relationships related to 

visuospatial learning and motor abilities in humans. These regions were chosen from a 

parcellated template (http://nitc.org/projects/sri24), which was based on a published brain 

atlas of 24 control subjects spanning the adult age range (Rohlfing et al., 2010), both of 

which were created in our laboratory.
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This brain atlas was semi-automatically parcellated using an already published description 

of anatomical brain regions (Sullivan et al., 2011) (Figure 1). Here, we examined 15 regions 

of interest: Six bilateral regions of cortex (lateral frontal, medial frontal, temporal, parietal, 

calcarine, and occipital), four allocortical regions (insula, anterior cingulate, posterior 

cingulate, and precuneus), and four subcortical structures (caudate/putamen, globus pallidus, 

hippocampus, and thalamus), as well as one cerebellar region (superior cerebellum) 

(Pfefferbaum et al., 2012). Gray matter volume was computed separately for each cortical 

region, and tissue (gray+white matter) volume was computed for each subcortical region. 

CSF-filled volumes of the lateral ventricles, third ventricles, frontal sulci, and Sylvian 

fissures were also measured. Scores are presented as age- and head size-corrected Z-scores 

based on a control group of 154 subjects ranging in age from 18 to 82 years (by definition, 

control group mean=0, sd=1). The subjects used in this study all had rotary pursuit testing 

(Fama et al., 2012) and these individuals consisted of a subset of the participants included in 

a previous MRI study (Pfefferbaum et al., 2012).

Statistical Analyses

Group differences were examined with two-tailed, unpaired t-tests. Brain-behavior 

relationships between visuomotor procedural learning scores and brain volumes were 

assessed with Pearson product-moment correlations. In light of the multiple comparisons 

made between ancillary cognitive and motor scores and brain volumes, a relationship was 

reported as significant only if it met criteria for Benjamini and Hochberg’s false discovery 

rate (FDR) procedure, which protects against Type I errors while also limiting Type II errors 

(Benjamini et al., 2001; Benjamini and Hochberg, 1995). The FDR for within-group 

correlational analyses was based on 8 test scores and set to an alpha level of 5% to denote 

significant differences and a rate of 10% to denote statistical trends. To assess the unique 

contribution and amount of variance in cognitive scores accounted for by selective brain 

regional volumes, multiple regression analyses were conducted. Prior to these analyses, 

scatterplots depicting the single-order correlations between statistically significant brain-

behavior relationships were examined to ensure there were no outliers and that the range of 

both cognitive and brain scores were adequately distributed (e.g., no ceiling or floor effects).

Results

Brain Volume and Cognitive Measures

HIV+ALC had significantly smaller thalamus (t(43)=2.85, p=.007) and larger Sylvian 

fissure (t(43)=2.14, p=.038) volumes than controls. Modest deficits of lateral frontal 

(t(43)=1.92, p=.062) and parietal (t(43)=1.83, p=.074) volumes were also observed (Table 

2).

Consistent with performance results based on the full sample of 28 HIV+ALC and 20 NC 

(Fama et al., 2012), this subset of HIV+ALC subjects with MRI data demonstrated 

visuomotor speed deficits, assessed by calibrated rpm, (t(43)=2.74, p=.009) but no 

impairment on rotary pursuit learning scores across the four sessions compared with 

controls. Deficits were observed, however, in simple motor [fine finger movement 

t(43)=2.55, p=.015], psychomotor [symbol-digit substitution t(30)=3.96, p=.0004], and 
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attention and explicit memory [WMS-R subtests: attention t(29)=2.29, p=.03, verbal 

memory t(30)=2.79, p=.009, immediate memory t(30)2.7, p=.011, delayed memory 

t(30)2.71, p=.011] scores.

Correlational and Multiple Regression Analyses in HIV+ALC

Visuomotor Procedural Learning and Retention—In the HIV+ALC group, lower 

overall learning score (Session 4 – Session 1) on rotary pursuit was significantly correlated 

with smaller thalamus volume (r=.40, p=.04) (Figure 2). A correlational trend was observed 

between overall visuomotor learning score and superior cerebellum volume (p=.36, p=.07).

Multiple regression analyses indicated that together the volumes of the thalamus and 

superior cerebellum accounted for 24.5% of the variance in overall learning scores in the 

HIV+ALC group. Of this portion of the variance, thalamus volume, a modest unique 

predictor of overall learning score, accounted for 11.3% and superior cerebellum accounted 

for 8.2%.

To examine the relative contributions of frontostriatal and frontocerebellar structures to 

overall learning on the rotary pursuit we conducted post-hoc multiple regression analysis 

predicting behavior score from volumes of the globus pallidus and superior cerebellum. 

Results indicated that neither was a unique predictor of rotary pursuit overall learning score.

Ancillary Cognitive Tests—We next investigated brain-behavior relationships in 

components of attention and explicit memory contributing to visuomotor procedural 

learning and their dissociability from other cognitive and motor processes. Accordingly, 

correlational analyses (FDR-corrected) were conducted between parcellated brain volumes 

and attention, explicit memory, simple motor, psychomotor, and balance scores in HIV

+ALC (Table 3).

Lower WMS-R immediate memory and delayed memory index scores were associated with 

smaller volumes of the hippocampus (immediate r=.69, p=.001; delayed r=.73, p=.0004) and 

thalamus (immediate r=.69, p=.001; delayed r=.64, p=.002). Lower delayed memory scores 

were also associated with smaller precuneus volumes (r=.63, p=.003). Lower WMS-R 

verbal memory (r=.59, p=.007) and visual memory (r=.60, p=.006) index scores were 

significantly correlated with smaller volumes of the thalamus. Lower verbal memory scores 

were also related to smaller hippocampus (r=.67, p=.001) and larger third ventricle volumes 

(r=−.45, p=.046), and lower visual memory scores were related to smaller precuneus 

volumes (r=.53, p=.02). Poorer symbol digit substitution scores correlated with smaller 

volumes of the precuneus (r=.57, p=.01), hippocampus (r=.52, p=.02), and thalamus (r=.62, 

p=.004).

Selectivity of Thalamus and Hippocampus Volumes to Memory Scores—
Multiple regression analyses examined the independent contributions of brain correlates 

observed to be simple predictors of implicit and explicit memory scores in HIV+ALC (Table 

4). Thalamus volume was modestly predictive (p=.07) of overall visuomotor procedural 

learning score, accounting for 14% of the variance, whereas hippocampus volume added no 

predictive value (0%). By contrast, both the thalamus and the hippocampus volumes were 
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each unique predictors of immediate memory and delayed memory scores. The 

hippocampus accounted for 18.6% of the variance in immediate memory score (p=.008) and 

24.3% of the variance in delayed memory score (p=.003); the thalamus accounted for 17.7% 

of the variance in immediate memory score (p=.009) and 12.3% of the variance in delayed 

memory score (p=.026). Although precuneus and third ventricle volumes were associated 

with immediate and delayed memory scores, neither made independent contributions to their 

prediction.

Examination of the relative contribution of the hippocampus and thalamus volumes to verbal 

memory and visual memory scores from the WMS-R indicated that the hippocampus 

accounted for a higher portion of the variance than the thalamus for verbal explicit memory 

score (hippocampus: 20.6%, p=.013; thalamus: 10.3%, p=.065), whereas the thalamus 

accounted for a higher portion of the variance for visual explicit memory score than the 

hippocampus (thalamus: 16.6%, p=.040; hippocampus: 7.9%, p=.144).

Further multiple regressions showed no significant contribution of CD4 count or lifetime 

alcohol consumption to these brain-behavior relationships.

Discussion

Poorer visuomotor procedural (implicit) memory in HIV+ALC was associated with smaller 

volumes of the thalamus and superior cerebellum, central nodes of the 

frontothalamocerebellar system. By contrast, explicit memory was selectively related to the 

hippocampus and the thalamus, nodes of the limbic system. To the extent that tissue volume 

contributes to function, smaller volumes of notes of these systems support these association 

in HIV infection with alcoholism comorbidity, a condition not marked by a frank lesion but 

affected by subtler brain dysmorphology.

A dissociation between implicit and explicit memory has been previously documented in 

other clinical populations compared with controls (Buckner et al., 1995; Fama et al., 2006; 

Heindel et al., 1989). Fama and colleagues (Fama et al., 2006) demonstrated this type of 

dissociation in Korsakoff’s Syndrome, where despite severe explicit memory impairment, 

KS subjects showed relatively intact visuoperceptual implicit memory across sessions 

compared with controls. Thus, even in instances where deficits in individual cognitive 

component processes are observable, overall learning on implicit memory tasks can be 

relatively intact. Further, dissociations regarding the relevance of the hippocampus to 

implicit and explicit memory processes within clinical groups have been reported (Bondi 

and Kaszniak, 1991; Bylsma et al., 1991; Carlesimo and Oscar-Berman, 1992). The present 

study extends this brain-behavior dissociation, a selective relationship between the normal 

age-expected volume of the hippocampus and explicit memory, but not implicit memory, to 

HIV infection with alcoholism comorbidity.

The results of this study are also consistent with previous reports of thalamic lesions 

affecting nondeclarative motor skill learning and explicit memory processes (Exner et al., 

2001). To the extent that the thalamus is a neural substrate of attentional processes (Sturm 

and Willmes, 2001), these results suggest that attentional processes are likely relevant to 

Fama et al. Page 7

Brain Imaging Behav. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



visuomotor procedural memory and are consistent with our behavioral findings in 

visuospatial procedural (implicit) memory in HIV+ALC (Fama et al., 2012).

Although dissociable processes, implicit and explicit memory often work in tandem in the 

learning of information, supporting different phases of acquisition, storage, and retention. 

The thalamus and medial temporal lobe, particularly the hippocampus and surrounding 

structures, have rich connections that have been identified in human and animal studies 

(Aggleton et al., 2010; Aggleton and Saunders, 1997). Together, these diencephalic and 

medial temporal lobe structures are considered the “extended hippocampal system.” 

Connectivity between the thalamus and hippocampus has also been demonstrated with 

functional MRI (Metzger et al., 2013; Stein et al., 2000). It has further been hypothesized 

that the interactions between the thalamus and the hippocampus are reciprocal, with the 

thalamus having influence over hippocampal function and being vital for episodic memory 

processes (Aggleton et al., 2010; Van der Werf et al., 2000). The present study demonstrates 

that, although interconnected, the thalamus and the hippocampus make independent 

contributions to episodic memory processes.

Speculation on the role of the thalamus in mnemonic processes has precedent (Cohen, 1984; 

Crosson, 1992; Exner et al., 2001; Harding et al., 2000; Squire, 1982). Individuals with 

Wernicke-Kosakoff’s Syndrome (WKS), a neurological condition arising from thiamine 

depletion (Thomson et al. 2010; Victor et al., 1989) and resulting in neuronal damage 

(Harding et al., 2000), and survivors of thalamic strokes suffer as severe an explicit memory 

impairment as observed in individuals with strokes invading the hippocampal region, further 

supporting a role of the thalamus in explicit mnemonic processes (Carlesimo et al. 2011; 

Harding et al., 2000; Serra et al., 2013). Additionally, evidence for the contribution of the 

thalamus and related networks to memory processes was demonstrated in a resting state 

functional MRI study, which reported positive and selective relationship between functional 

connectivity of the left mammillothalamic tract and verbal memory scores in an individual 

with KS after high-dose thiamine replacement therapy (Kim et al., 2010). Taken together, 

these results demonstrate that the thalamus, previously heralded as a sensory and motor 

relay station between cerebellar and subcortical structures and cortical association areas 

(Alexander et al., 1986), may also play a vital role in memory functioning.

The absence of selective brain-behavior relationships observed herein between regional 

brain volumes and implicit memory compared with explicit memory is consistent with the 

position that implicit memory processes may depend more on disturbance within processing 

systems across the brain rather than to a single circumscribed neural system (Reber, 2013). 

Reber proposed that the inability to demonstrate a true double dissociation between implicit 

and explicit memory may be due to an absence of an “implicit memory system” per se; 

implicit learning would thus occur as a result of a general, pervasive plasticity within 

processing networks, demonstrated by improved functions after repeated experience. This 

neural plasticity allows an individual to learn from experiences, adapting more efficient 

cognitive and motor responses (Reber, 2013). Thus, learning and memory of visuomotor 

procedural skills may rely more on neural mechanisms at the local level of neural networks 

subserving the component processes of the task to be learned than tied to a particular brain 

region or structure.
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Examination of individuals with HIV infection and alcoholism allows testing dissociable 

neural structures and systems implicated in visuomotor procedural learning. Because of the 

common occurrence of non-alcohol drug-related abuse and dependence in individuals 

recruited for their alcohol use disorder, caution is warranted in interpreting the selective 

contribution of alcohol to the deficits observed. In an effort to disentangle the relative 

contributions of alcohol versus other substances to the brain-behavior relationships 

observed, we conducted several post-hoc analyses. Of the 26 HIV+ALC subjects, 21 

reported use of both alcohol and illicit substances (excluding marijuana), but alcohol use 

disorder was primary in that it was of longer duration than the non-alcohol substance-related 

diagnosis. The remaining 5 subjects had a duration of substance-related diagnosis (excluding 

marijuana) that was similar or exceeded the length of their alcohol-related diagnosis. 

Statistical analysis excluding these 5 subjects yielded the identical pattern of results 

reported: hippocampal volumes were related to explicit but not implicit memory scores, 

whereas thalamus volumes were related to both explicit and implicit memory scores. 

Similarly, multiple regressions again indicated that both the thalamus and the hippocampus 

were unique and independent predictors of immediate and delayed explicit memory scores. 

Although the relative contribution of alcohol vs. drug use disorders to the memory deficits 

observed in HIV+ALC here cannot be determined, the pattern of results was the same with 

and without individuals whose duration of drug use rivaled the duration of their alcohol use. 

Thus, we cannot rule out the possibility that non-alcohol drug use affects memory processes, 

but these supplementary analyses provide support to the dissociation between implicit and 

explicit memory processes and associated structural brain volumes in HIV with primary 

alcoholism comorbidity.

In conclusion, this study demonstrates the dissociability of neural compromise underlying 

deficits in procedural memory and explicit memory processes in HIV infection with primary 

chronic alcoholism. Further, this study provides evidence of the selectivity of brain-behavior 

relationships in HIV infection with substance use comorbity, and highlights the relevance of 

extra-hippocampal structures, namely the thalamus, to memory functions.
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Figure 1. 
Top panel in gray scale: Axial slices from the SRI24 atlas of the superior (top left) to 

inferior (bottom right) brain regions. Bottom panel in color: Six bilateral cortical and four 

allocortical gray matter regions and four subcortical tissue regions overlaid on the SRI24 

atlas and color-coded by structure name. Ant, anterior; Glob, globus; Post, posterior; ROI, 

region of interest.
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Figure 2. 
Scatterplots depicting the relationships between implicit and explicit memory scores and 

hippocampus and thalamus volumes in the HIV+ALC group. Overall Learning Scores 

represent the difference in seconds between Session 4 and Session 1 on the Rotary Pursuit 

Task. Immediate Memory Index Score and Delayed Memory Index Score are from the 

Wechsler Memory Scale – Revised (WMS-R).
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Table 2

HIV+ALV vs. NC: T-tests for regional brain volume Z scores

t value p

Lateral Frontal 1.92 .062 @ HIV+ALC<NC

Medial Frontal 0.06 .955

Temporal 0.80 .429

Parietal 1.83 .074 @ HIV+ALC<NC

Calcarine 1.62 .112

Occipital 0.36 .724

Superior Cerebellum 0.62 .540

Caudate/Putamen 0.19 .852

Globus Pallidus 1.33 .192

Insula 0.06 .955

Anterior Cingulum 1.28 .209

Posterior Cingulum 0.27 .789

Precuneus 1.59 .120

Hippocampus 1.03 .308

Thalamus 2.85 .007 ** HIV+ALC<NC

Frontal Sulci 0.98 .335

Sylvian Fissure 2.14 .038 * HIV+ALC>NC

Lateral Ventricles 1.15 .258

Third Ventricle 0.33 .744

**
p≤.01;

*
p≤.05;

@
p≤.10
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Table 4

Multiple regressions predicting episodic and visuomotor memory in HIV+ALC

Dependent Measure Predictors Beta-Coefficient R-squared change

Rotary Pursuit

  Overall Learning Hippocampus .02 .00

Thalamus .40 .14 @

Wechsler Memory Scale

  Immediate Memory Hippocampus .48 .19**

Thalamus .47 .18**

  Delayed Memory Hippocampus .55 .24**

Thalamus .39 .12*

**
p<.01;

*
p<.05,

@
<.10
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