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Abstract

This study aimed to determine the effects of human immunodeficiency virus (HIV) on brain 

structure in HIV-infected individuals with and without HIV-associated neurocognitive disorders 

(HAND). Twenty-nine HIV-uninfected controls, 37 HIV+, treatment naïve, individuals with 

HAND (HIV+HAND+; 16 ANI, 12 MND, and 9 HAD) and 37 HIV+, treatment naïve, individuals 

with normal cognitive function (HIV+HAND−) underwent magnetic resonance imaging (MRI) 

and neuropsychological assessment. The HIV-infected participants had a mean (SD) age of 35(7) 

years, mean (IQR) CD4 count of 221(83-324) and mean (IQR) log10 plasma viral load of 

4.81(4.39-5.48). Six regions of interest were selected for analyses including total and subcortical 

gray matter, total white matter, caudate, corpus callosum, and thalamus. The HIV+/HAND+ group 

exhibited significantly smaller brain volumes compared to the HIV-uninfected group in 

subcortical gray and total gray matter; however, there were no statistically significant differences 

in brain volumes between the HIV+HAND+ and HIV+HAND− groups or between HIV+/HAND− 

and controls. CD4 count at time of cART initiation was associated with total and subcortical gray 

matter volumes, but not with cognitive measures. Plasma viral load correlated with 

neuropsychological performance, but not brain volumes. The lack of significant differences in 

brain volumes between HIV+HAND+ and HIV+HAND− suggests that brain atrophy is not a 

sensitive measure of HAND in subjects without advanced immunosuppression. Alternatively, 

current HAND diagnostic criteria may not sufficiently distinguish patients based on MRI 

measures of brain volumes.

Keywords

HIV-associated neurocognitive disorder; neuroimaging; Thailand; cognition

Since the beginning of the HIV/AIDS epidemic, a substantial number of individuals have 

developed cognitive and neurological deficits, even in the absence of other AIDS-defining 

illnesses. The impact of HIV subtype B (HIV-B; primarily found in USA and Europe) on the 

brain has been well characterized in symptomatic and asymptomatic disease both pre-and 

post-treatment with combination antiretroviral therapy (cART; for review see Valcour, et al., 

2011). However, other HIV subtypes are regionally distinct and have not had extensive 

characterization of cognitive or structural brain changes. In Thailand, greater than 90% of 

HIV cases are infected with a circulating recombinant form (CRF) 01_AE, often referred to 

as subtype E (Wirachsilp, 2007). The reported prevalence of cognitive impairment in 

Thailand has varied with an early study reporting 23% (Maj et al., 1994) and a more recent 
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study showing 6% (Vivithanaporn et al., 2010) In general, this prevalence is much lower 

than the 36-45% reported in other settings (Heaton et al, 2010). These differences may be 

due to the categorization of neurocognitive disorders or testing methodologies. An 

alternative explanation is that each subtype of HIV carries mutations in the coding of viral 

proteins, with certain mutations thought to affect the ability of the virus to enter and impact 

the CNS. One study of subtype E viral structure suggests this subtype might differentially 

impact the central nervous system (Ranjbar et al., 2006) due to the differences in TNF 

expression in HIV-E that would decrease risk for HIV-associated neurocognitive disorders 

(HAND). To date, there are no clinical studies indicating HIV-E would confer a differential 

risk for HAND compared to other HIV subtypes.

In 2007, the current guidelines for categorizing HAND were developed (Anitori et al., 2007) 

and three sub-groups were described: 1) Asymptomatic Neurocognitive Impairment (ANI), 

2) Mild Neurocognitive Disorder (MND), and 3) HIV-associated Dementia (HAD). While 

attribution of confounding and contributing factors were noted, the nosology does not fully 

exclude such cases, and subsequent work has revealed that the probability of HAND 

increases substantially among subjects with confounding factors (Heaton et al., 2010). Thus, 

the HIV-specificity of these diagnostic criteria, in the absence of effective biomarkers, can 

be questioned. With these criteria, multiple domains of cognition should be assessed, in 

addition to functional impairment to appropriately categorize cases. In resource-limited 

settings, adequate normative data or relevant measures of functional status required to 

accurately assess HAND may not exist; thus, studies of HAND are lacking outside of 

developed countries. Similarly, limited information is known about the neuroimaging 

correlates of HAND outside of North America, especially in Southeast Asia.

Previous neuroimaging studies in Thailand have largely focused on magnetic resonance 

spectroscopy (MRS) with an early study demonstrating metabolite abnormalities between 

asymptomatic HIV+ (naïve to cART) and HIV-uninfected individuals, indicating neuronal 

loss and cellular injury (Sunwanwelaa, et al. 2000). More recent MRS studies reveal 

elevations in metabolites suggestive of cellular inflammation during acute HIV infection 

(Valcour et al., 2012; Sailasuta et al., 2012) that resolved after early cART (Sailasuta et al., 

2012). A separate Thai neuroimaging study reported reduced regional brain volumes in 

cART naïve HIV+ individuals who had higher levels of peripheral HIV DNA compared to 

HIV+ individuals with lower HIV DNA levels (Kallianpur, 2014). However, prior studies 

did not characterize HIV+ by HAND status or compare brain volumes in HIV+ individuals, 

with and without HAND to HIV− uninfected individuals in Thailand.

This study aimed to examine HIV-related alteration in brain structure among HIV+ adults 

with HAND (HIV+/HAND+) and cognitively normal HIV+ adults (HIV+/HAND−) 

compared to HIV-uninfected (HIV−) controls in Thailand. Drawing from previous Thai 

neuroimaging studies utilizing magnetic resonance spectroscopy (Suwanwela et al. 2000; 

Valcour et al, 2012) and the extensive literature examining brain volume reductions in HIV-

B (for review see Holt, Kraft-Terry, Chang 2012), we hypothesized that in this cohort 

infected predominantly with HIV-E , those with HAND would have reduced brain volumes 

in the following regions of interest (ROI): total gray matter, total subcortical gray matter, 

total white matter, caudate, putamen, and the thalamus.
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Methods

HIV-infected participants were recruited by the Thai Red Cross AIDS Research Centre in 

Bangkok, Thailand. The HIV-uninfected participants were recruited through local 

advertising and from clients of the HIV testing clinic at the Thai Red Cross AIDS Research 

Center who were confirmed seronegative. Participants were enrolled into one of two studies 

(NCT00777426 and NCT00782808) after screening for HAND and intracellular HIV DNA 

levels, respectively and an enrollment scheme that included a range of HIV DNA. Specific 

methods for the recruitment of the study population have been previously reported (Valcour 

et al., 2013). HIV+ subjects were required to have CD4 count of <350 cells/mm3 or 

symptomatic HIV, in accordance with Thai Ministry of Public Health criteria with the intent 

to initiate therapy within a month of enrollment. All participants had standard laboratory 

blood draws from which a complete blood count, CD4 cell count, plasma viral load (VL) 

were extracted. Forty-one participants elected to have lumbar puncture to obtain CSF viral 

loads were obtained. Both plasma and CSF HIV VL were quantified using the Amplicor 

HIV-1 Monitor Assay (Roche Molecular System, INC., Branchburg, NJ). Individuals were 

excluded (for both HIV+ and HIV uninfected groups) if they had a history of head injury 

(loss of consciousness >1 hour), positive urine illicit drug screen (checked during screening 

and enrollment), acute illness, significant laboratory abnormalities (e.g. creatinine, ALT, 

hemoglobin), a medical condition that could explain cognitive decline (e.g. hypothyroidism, 

B12 deficiency), pre-existing neurologic or psychiatric conditions, learning disability, 

positive hepatitis C screen, or contraindications for MRI (e.g. pregnancy, presence of metal). 

One individual with a low titer (1:1) syphilis serology and normal cerebrospinal fluid white 

blood cell count and protein was referred for uncomplicated syphilis treatment before 

enrollment. Data in this report were obtained from 29 HIV-uninfected controls and 74 HIV+ 

individuals. HIV+ participants were classified into two groups: those with HAND (HIV+/

HAND+; N=37) and those that were cognitively normal (HIV+/HAND−; N=37). The HIV+/

HAND+ group was comprised of 9 individuals characterized as HAD, 12 as MND, and 16 

as ANI based on procedures defined in detail below. Each participant completed structural 

MRI and comprehensive cognitive testing within 30 days of their screening and bloodwork 

and prior to initiating cART. All participants provided informed consent. Both studies were 

approved by the ethics committees of Chulalongkorn University, the Walter Reed Army 

Institute of Research and the Human research protection office at University of California 

San Francisco.

Neuropsychological Testing

Participants completed the WHO/NIMH/UCLA international battery (Maj et al., 1993, Maj 

et al., 1994a,b) consisting of measures designed to assess the following skills: motor speed 

and fine motor control, verbal and visual memory, attention, and cognitive flexibility, as 

previously described (Valcour et al, 2007). This battery was developed specifically for 

administration in cross-cultural settings and validated in five regions, including Bangkok 

(Maj et al., 1994b). For the purpose of the present study, the battery was modified to ensure 

cultural relevance for the word list task and the visual memory task was replaced with the 

Brief Visual Memory Task – Revised (BVMT-R). A trained nurse at each location 

administered all measures with quality assurance completed every six months and with staff 
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turnover. We calculated z-scores for each measure using normative data from over 300 Thai 

controls as previously described (Heaps et al., 2012). Composite z-scores for domains were 

created by averaging the z-scores for motor and psychomotor tasks (Finger Tapping, Timed 

Gait, Grooved Pegboard, Trails A, Color Trails 1), cognitive flexibility and fluency 

measures (block matrix, Color Trails 2, Digit Symbol, first names, animal naming) and 

learning and memory measures (AVLT learning and recall, BVMT-R learning, and recall). 

We averaged the z-scores from all measures to create a global measure of cognition (NPZ-

global).

Cognitive characterization

The study physician performed HIV-targeted neurological examinations as developed by the 

AIDS Clinical Trials Group (ACTG; Ellis et al. 2005) in the US.

Individual HAND diagnoses were determined by consensus conference attended by the Thai 

clinical staff, the principle investigator (VV), a US HIV neurologist (DC), and a US HIV-

trained neuropsychologist (RP) applying the Frascati (2007) diagnostic criteria. Clinical 

discernment was required to classify abnormalities as mild or moderate and determine 

adequate evidence of abnormalities were beyond normal test variation, and not due solely to 

confounding conditions. Consideration was made for multiple tests within a domain such 

that the average domain z-score described above was not the determining factor in deciding 

impairment. Functional assessments included questions of instrumental activities of daily 

living (from Katz, 1983, and Lawton and Brody, 1969) work and social function, including 

reports from an informant when possible. We defined the groups as follows: cognitively 

normal (NL), testing performance within expectations for age and educational attainment; 

ANI, performance lower than expected given normal test variation in at least two domains, 

but no evidence or patient report of functional impairment; MND, testing performance 

moderately abnormal (typically 1 to 2 SD below the normative data) in two cognitive 

domains plus evidence of functional impairment; HAD, performance of severe impairment 

(typically worse than −2 SD) in two cognitive domains with clear evidence of functional 

impairment.

MRI

All MRI data were obtained at Chulalongkorn Hospital on a GE Signa 1.5T scanner with the 

latest software and hardware versions that included an isotropic 3D MRI acquisition (3D 

spoiled gradient echo, sagittal plane with full brain coverage, minimum echo time with full 

echo, TR=20ms, flip angle=50 with resolution 1×1×1.4 mm3). Images were processed using 

Freesurfer 5.0 (Fischl, et al., 2004). Freesurfer processing included extraction of non-brain 

tissue, normalization of voxel intensity as a result of MR bias, transformation of each brain 

to Talairach space, and segmentation of subcortical white matter and deep gray matter 

volumetric structures using voxel identity probabilities. Proper segmentation was reviewed 

and manually edited using built in freesurfer data quality modification tools (tmkedit) to 

ensure accurate classification of structures.

Heaps et al. Page 5

J Neurovirol. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ROIs chosen for statistical analyses included: total gray matter, subcortical gray matter, total 

white matter, caudate, putamen, and thalamus. Volumes for each ROI were normalized to 

adjust for differences in head size (Free et al, 1995).

Statistical Analysis

Using ANOVA, primary analyses examined differences between participant groups (HIV-

uninfected controls, HIV+HAND+ and HIV+HAND−) on age, gender, education levels and 

intracranial volume (ICV). Both HIV+ groups were compared on CD4 count, CSF viral load 

(CSFVL, n= 41), and plasma VL using independent t-tests. Since VL and CSFVL had 

skewed distributions, they were log10 transformed (log10VL and log10CSFVL, respectively). 

ANOVAs comparing ROI volumes between the HIV infected and uninfected groups were 

conducted to examine the impact of HIV on the six selected ROIs. Correlational analyses 

were conducted to determine the relationship between the ROIs, markers of disease burden, 

and neuropsychological testing performance.

Results

Education, Gender, ICV, CD4 counts, and plasma VL were similar across cognitive groups 

in the HIV-infected subjects (Table 1); however our MND group had a very high proportion 

of females compared to the other groups and as such we chose to include gender as a 

covariate in our analyses. As expected, there were significant group differences for global 

neuropsychological performance (Table 2) with ANI, MND, and HAD groups all 

performing worse than the HIV+HAND− group. However, the ANI and MND groups did 

not significantly differ by severity of neuropsychological deficits in the global or domain 

scores. The HAD group performed worse than all other groups in the learning and memory, 

and processing speed domains (see Table 2). We correlated CD4 cell count and Log10VL 

with performance on global neuropsychological performance as well as domain-specific 

performance and identified a modest inverse relationship between plasma Log10VL and 

performance on measures of cognitive flexibility/fluency (r=−0.28, p=0.01).

We then examined group differences in the six selected ROIs using ANCOVA (gender as 

covariate) identifying differences between the HIV+HAND+ group and the HIV-uninfected 

controls in three of the six ROIs: total gray matter (F(2,99) = 5.57, p<0.01, η2=0.1), 

subcortical gray matter (F(2,99) =4.79, p=0.01, η2=0.9), and a trend level difference in the 

thalamus (F(2,99) =2.96, p=0.056, η2=0.06). There were no significant differences between 

the HIV+HAND+ and HIV+/HAND− groups. Additionally, there were no differences 

between the HIV+HAND− group and HIV-uninfected individuals for any of the volumetric 

measures (Figure 1).

A supplemental analysis was conducted to determine if categorizing both HIV+ groups by 

functional impairment would result in significant volumetric differences. In these analyses 

we analyzed the HIV+HAND+ group by specific HAND diagnosis with the HIV/HAND− 

and ANI groups combined (cognitively normal and asymptomatic as “asymptomatic”) and 

the MND and HAD groups (cognitively “symptomatic”). Using ANCOVA to compare only 

the 3 ROIs that were significantly different in the prior analysis, significant differences 

remained in the total gray matter between the HIV− uninfected and both the symptomatic 
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(p<0.01) and asymptomatic groups (p=0.01). Similarly, significant differences in subcortical 

grey matter between the HIV-uninfected and asymptomatic (p=0.03) HIV+ groups and in 

the thalamus between the HIV-uninfected group and the symptomatic HIV+ group (p=0.02) 

were observed. There were no significant volumetric differences between the HIV+ groups 

(symptomatic vs. asymptomatic; Figure2).

Correlational analyses revealed a small, but significant positive relationship between pre-

cART CD4 count and total gray matter (r=0.32, p<0.01) and thalamic volumes (r=0.27, 

p=0.02) among HIV-infected subjects (Figure3).

Discussion

The results of this study evidence an impact of HIV on cortical gray matter, subcortical gray 

matter, and the thalamus of cART-naïve individuals with HAND in Thailand, where most 

would be expected to have subtype E virus. While there has been some suggestion that HIV 

subtype, particularly clade C, differentially affects HIV neuropathogenesis (see Rao et al., 

2008) current studies of subtypes B and C fail to identify important clinical cognitive 

(deAlmedia et al. 2013; Paul et al. 2014) or brain volume differences (Ortega et al., 2013) by 

subtype. Our results further demonstrate that HIV-infected individuals in Thailand where 

subtype E is prevalent have similar alterations in brain volumes comparable to those shown 

to be affected in subtypes B and C prior to the initiation of cART (Ortega et al., 2013). 

Subcortical brain atrophy has been a primary finding in HIV subtype B studies both pre and 

post cART (for review see Paul et al., 2002 and Tucker et al, 2004). The caudate has been 

related to neuropsychological impairment in a number of studies typically in individuals 

who had progressed to later stages of AIDS. No differences in caudate volumes were 

observed between the HIV+ and findings are also similar to findings by members of our 

group in South Africa (Heaps et al, 2012; Ortega et al 2013). The HIV+HAND+ group had 

smaller gray matter, subcortical gray and thalamus volumes than the HIV-uninfected group; 

however they did not have smaller volumes than the HIV+HAND− group. In our 

supplemental analysis, we categorized the groups differently by comparing those with MND 

and HAD to HIV cognitively normal and ANI and HIV-uninfected controls noting that both 

symptomatic and asymptomatic HIV+ individuals have smaller total gray and thalamic brain 

volumes than HIV-uninfected individuals.

Combining the ANI group with the HIV+/HAND− group resulted in a significant difference 

between the groups although there remained no differences between the symptomatic and 

asymptomatic groups as in the main analysis. The classification of ANI is somewhat 

debated, with some reports suggesting it may artificially inflate the prevalence of HAND 

(Gisslen, 2011; Meyer, 2013; Torti, 2011) and others indicating that individuals presenting 

as ANI are at a greater risk to become symptomatic and later be recategorized as MND or 

HAD (Grant, 2014). There is also the possibility that the ANI group is not categorically 

unique from the MND group (Foley, 2011); however, they may lack the insight to report 

functional impairments (Chiao, 2013). The results of this study indicate there is a significant 

difference in cognitive performance between the HIV+/HAND+ groups and the HIV+/

HAND− group, but we identify no difference between the symptomatic (MND + HAD) and 

asymptomatic (HIV-normal + ANI) groups in terms of neuropsychological testing and brain 
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volumes. This further support that the difference is primarily that of identifying symptoms 

and brings into question some reports suggesting MND or HAD is a progression from ANI. 

This finding concurs with a recent paper noting no differences between ANI and MND on 

objective measures of function (Chaio, Wendelken, Valcour et al., 2013).

CD4 values had a modest, but positive association with brain volumes. As all individuals in 

the study were treatment-naive, CD4 values in this study are likely very close 

approximations of CD4 nadir. Historically, CD4 has been reliably associated with both brain 

abnormalities (Jernigan et al., 2011, Thompson et al., 2005) and cognitive function pre-

cART (Childs et al., 1999). Since the advent of cART, CD4 nadir has frequently been 

reported as a better indicator of cognitive dysfunction (Valcour, et al, 2006). Although we 

did not identify a significant relationship between CD4 and neuropsychological testing 

measures, the association identified between CD4 and brain volumes has implications for 

cART initiation. Recently, treatment guidelines in the US and other areas have shifted to 

recommend cART to all HIV+ individuals, without regard to CD4 status (Thompson, 2012). 

The World Health Organization (WHO) recently issued recommendations for earlier cART 

with CD4 less than 500 cells/μL (WHO 2013). Our results suggest that as CD4 cell count 

decreases brain volumes are negatively impacted. This impact on the brain may be mitigated 

with earlier treatment.

Plasma VL has also historically been a reliable marker of brain abnormalities and cognitive 

impairment prior to the cART era (Childs, et al., 1999). No relationship between plasma VL 

and brain volumes in this cohort were observed, however, we found a modest association 

between VL and cognitive flexibility/fluency, with higher VL correlated with poorer 

performance on those measures. With cART, VL usually decreases and thus it may be 

necessary to establish the reliability of other clinical markers of HAND. Recent work in this 

cohort also identified that HIV DNA reservoir levels in circulating CD14+ cells (enriched 

with monocytes) correlate with cognitive diagnosis and brain atrophy, specifically in the 

nucleus accumbens, brainstem, and total gray matter (Kallianpur, et al., 2014).

Despite a clear effect of HIV on gray matter and thalamic volumes, the lack of significant 

difference in volumes between the HIV+/HAND+ group and the HIV+/HAND− group 

suggests that volumetric changes are common in HIV+ patients and other factors influence 

whether individuals will suffer cognitive sequelae. Early life nutrition, education, age at 

infection, and cognitive reserve may be some of the factors that influence development of 

cognitive disorders in HIV. We were not able to examine the influence of most of these 

factors in this study, as we did not have information about age at infection, or early life 

nutrition. One measure of early life development and brain reserve that has been used in 

studies of Alzheimer’s disease is size of the brain vault, or intercranial volume as a measure 

of pre-morbid brain reserve capacity (Faris et al., 2012; Perneczky et al., 2010; Tate et al., 

2011). In our cohort, we used ICV as a regression factor in normalizing brain volumes, but 

we also examined potential group differences in ICV and found no group differences. This 

suggests that to the extent those are accurate markers of brain reserve capacity and early life 

development those factors were not significantly related to the cognitive changes noted in 

this cohort. Thus, volumetric analyses are not a sensitive diagnostic tool for determining or 

predicting the development of HAND.
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Larger differences may have emerged with a larger sample size and longitudinal studies may 

better inform the course of HAND and its relationship to brain volume measures. HAND is 

difficult to characterize, as individuals rarely fit perfectly into diagnostic categories. 

Additionally, the ability to measure functional impairment in the laboratory often proves 

difficult. This study used multiple assessments of functional capacity and proxy informants 

when available to help overcome this challenge. It may have been beneficial to include 

performance-based measures of functional capacity to improve HAND classification 

(Blackstone et al., 2012) as these are thought to be less biased by mood or lack of insight. 

However, culturally relevant, performance based measures were not available at the time of 

this study. Additionally, global neuropsychological performance may not vary greatly 

between groups. Our results indicate changes take place in the brains of HIV infected 

individuals naïve to cART prior to evidence of functional impairment, which is consistent 

with the literature in subtype B. These volumetric changes occur in regions previously 

identified to have metabolite abnormalities and parallel volumetric changes seen in other 

HIV subtypes (B, C; Heaps et al. 2012; Ortega et al. 2013).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
shows scatter plots for the comparison of ROI volumes in the Thalamus, Total Gray matter, 

and Subcortical gray matter between the HIV−, HIV+HAND+, and HIV+HAND− groups. 

Significant differences existed between the HIV+HAND+ and HIV− groups only. Lines 

represent the group means (center) and standard deviations
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Figure 2. 
shows scatter plots for the comparison ROI volumes between the HIV−, HIV+symptomatic 

HIV+S; MND and HAD), and HIV+asymptomatic (HIV+A; Normal cognition and ANI) 

groups. Significant differences were present in the thalamus and subcortical gray ROis 

between the HIV− and HIV+S groups as well as the HIV− and HIV+A groups. There were 

no significant differences between the HIV+ groups.
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Figure 3. 
shows the correlations between CD4 count and ROI volumes in the total gray matter and the 

thalamus for all HIV+ individuals.
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Table 1

shows the demographic characteristics of the HIV+ (by HAND status) and the HIV− groups.

Age HIV− HIV+/HAND− HIV+/HAND+ Sig.

N 29 37 37

Mean (SD) 34 (6.4) 35 (6.3) 35 (8.1) 0.9

Range 21-46 22-49 23-57

Gender

% Female 44.8 51.4 62.2 0.36

Education

Mean 13 (4.1) 11 (4.6) 12 (3.7)
0.14

Range 4-20 yrs 4-19 yrs 0-20 yrs

CD4

Mean 232 210

IQR . 204 287 0.5

Range . 19-553 14-532

LogVL

Mean 4.66 4.96

IQR . 1.08 0.83 0.07

Range . 3.15-5.88 3.15-5.88

CSFVL

N 0 21 20

0.45
Mean 3.95 4.16

IQR . 1.49 1.12

Range . 1.70-5.42 3.20-5.09

**Significant mean differences between groups p<0.05
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Table 2

shows Performance on neuropsychological measures by domain in the HIV+ groups by HAND status. Mean 

scores represent average z-scores of all measures included within the domain. All z-scores are based on 

normative data from age and education adjusted controls (Heaps et al. 2012)

HIV
Normal

37
ANI
16

MND
12

HAD
9

Fluency
Mean 0.37 −0.16 −0.44 −0.99

SD 0.76 0.62 0.61 1.55

* **

Motor
Mean 0.07 −0.68 −0.65 −1.19

SD 0.63 0.61 0.41 1.12

* **

Executive
Function

Mean 0.53 −0.83 −1.25 −2.99

SD 1.05 0.84 0.81 1.39

** ** a

Processing
Speed

Mean 0.09 −0.39 −0.75 −2.25

SD 0.64 0.53 0.77 0.81

** **a,b

Learning &
Memory

Mean 0.45 −0.19 −0.39 −1.59

SD 0.66 0.65 0.81 0.73

* ** **a,b

*
p<0.05 compared to HIV+ normal

**
p<0.01 compared to HIV+ normal

a
p<0.01 compared to ANI

b
p<0.01 compared to MND
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