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Abstract

The significance of the cerebrospinal fluid (CSF) Apolipoprotein E (APOE) level and whether it 

might have differential effects on brain function due to the presence of APOE ε4 allele(s) in HIV-

infected patients are unknown. However, APOE ε4 allele has been associated with greater 

incidence of HIV-associated dementia and accelerated progression of HIV infection. Here, we 

show further evidence for the role of APOE ε4 in promoting cognitive impairment. We measured 

the APOE levels in the CSF of HIV-infected individuals. HIV+ subjects showed lower CSF APOE 

proteins than SN controls (−19%, p=0.03). While SN subjects with or without ε4 allele showed no 

difference in CSF APOE levels, ε4+ HIV+ subjects had similar levels to the SN subjects but 

higher levels than ε4− HIV+ subjects (+34%, p=0.01). Furthermore, while HIV+ subjects with ε2 

or ε3 allele(s) showed a positive relationship between their CSF APOE levels and cognitive 

performance on the speed of processing domain (r=+0.35, p=0.05), ε4+ HIV+ subjects, in 

contrast, exhibited a negative relationship such that those with higher levels of CSF APOE(4) 

performed worse on the HIV Dementia Scale (r=−0.61, p=0.02), had lower Global Cognitive 

Scores (r=−0.57, p=0.03), and had poorer performance on tests involving learning (ε4 allele × 

[APOE] interaction, p=0.01). Our findings also suggest that the relatively higher levels of CSF 

APOE in ε4+ HIV+ (having primarily APOE4 isoforms) may negatively impact the brain and lead 

to poorer cognitive outcomes, while those individuals without the ε4 allele (with primarily APOE2 

or APOE3 isoforms) may show compensatory responses that lead to better cognitive performance.
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Introduction

Apolipoprotein E (APOE) ε4 is a well-established risk factor for Alzheimer's disease (AD; 

Corder et al. 1993; Saunders et al. 1993) and has been associated with poor cognitive 

outcomes in several other conditions that cause brain injury, such as postcardiac bypass 

surgery (Newman et al. 1995; Tardiff et al. 1997), traumatic brain injuries (Nicoll et al. 

1995; Teasdale et al. 1997), and in younger individuals with multiple sclerosis (Shi et al. 

2008). APOE gene polymorphism also plays a significant role in the progression of HIV 

disease (Burt et al. 2008). Specifically, HIV-infected individuals with the APOE ε4 allele 

may be more susceptible to neurological impairments, contributing to greater incidence of 

peripheral neuropathy and HIV-associated dementia (HAD; Corder et al. 1998; Cutler et al. 

2004), and the latter may be present only in older but not younger individuals (Valcour et al. 

2004). In a postmortem study, individuals with HAD and with the ε4 allele, but not those 

with the ε3 allele, exhibited dysregulated sterol and sphingolipid metabolism (Cutler et al. 

2004) and had greater levels of lipid peroxidation, indicative of greater oxidative stress in 

their brains (Turchan-Cholewo et al. 2006).

The APOE gene has three alleles (ε2, ε3, and ε4), which encode for isoforms APOE2, 

APOE3, and APOE4, respectively. Each differs by one or two amino acid residues; hence, 

each has unique structural and functional properties. While APOE proteins are important in 

the clearance of amyloid, the APOE4 isoform, in particular, promotes amyloid aggregations 

that are commonly found in AD brains (Ma et al. 1994; Nicoll et al. 1995; Beffert and 

Poirier, 1996). However, APOE proteins also are involved in transporting and recycling 

cholesterols and lipids that are necessary for neuronal regenerations and repairs (Poirier et 

al. 1993). Although these roles are especially critical during ongoing cell damage following 

brain injury, APOE4 isoforms had been shown to have a dose-dependent neurotoxic effect, 

which is mediated partly by calcium toxicity via increased calcium influx through calcium 

channels on the plasma membrane (Veinbergs et al. 2002). Carriers of the ε4 allele, who 

express the APOE4 proteins, also may be at greater risk for the damaging effects 

(amyloidogenic potential) of this allele because their brains are exposed to much higher 

levels of the APOE4 proteins, as measured in the cerebrospinal fluid (CSF; Fukumoto et al. 

2003; Wahrle and Holtzman, 2003). In the brain, APOE proteins that are secreted primarily 

by astrocytes are measurable in the CSF (Pitas et al. 1987). At present, how CSF APOE 

levels are affected and whether the different types of APOE isoforms might influence the 

cognitive function in HIV-infected individuals are unknown. To determine the types of 

APOE proteins that are expressed in the CSF of each individual, we needed to determine the 

APOE genotypes. Therefore, we evaluated both our seronegative controls and HIV+ subjects 

for the presence of APOE ε4 allele, levels of CSF APOE, and cognitive function on 

neuropsychological tests. Based on existing data reviewed above, we hypothesized that the 

presence of at least one copy of the APOE ε4 allele and hence the higher expression of 
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APOE4 proteins in the CSF, will be associated with poorer cognitive performance in HIV+ 

subjects.

Subjects/materials and methods

Participants

Forty-eight HIV+ and 39 healthy seronegative (SN) control subjects with similar age and 

education were evaluated (Table 1). A majority of the study participants were males, 92% in 

the controls and 94% in the HIV-infected participants. Based on self-identification, the three 

largest ethnic groups were Whites (40%), Native or part-Native Hawaiians (28%), and 

Asians (13%). All subjects were recruited from the local communities in Honolulu, Hawaii 

between December 2004 and August 2006, and were enrolled in a longitudinal observational 

study of HIV-associated brain injury (Chang et al. 2008b; Ernst et al. 2009). Each subject 

provided a written informed consent approved by the Institutional Review Board at our 

institution prior to the study and was evaluated with a standardized neuropsychiatric 

assessment to ensure they fulfill study criteria for the longitudinal study. SN controls were 

included in the study if they were ≥18 years of age, negative for HIV by a blood test 

(ELISA), negative for urine toxicology, and had no history of drug dependence. HIV+ 

subjects were included if they were also ≥18 years of age, tested positive for HIV, had nadir 

CD4 count of <500 cells/mm3, and fulfilled other study criteria (Chang et al. 2008a,b). Since 

only 60% of the subjects enrolled in the longitudinal HIV study consented to the lumbar 

puncture and blood draw, APOE analyses in CSF and APOE genotyping in blood were 

conducted on all of these available banked specimens.

Cognitive assessments

Briefly, each participant underwent a battery of comprehensive neuropsychological tests, as 

described previously (Chang et al. 2008a, b). The tests assessed seven cognitive domains: 

fluency, executive function, learning, memory, speed of processing, attention, and motor 

function (Ernst et al. 2009). Cognitive domain scores were calculated based on age- and 

education-adjusted normative data of 273 SN healthy subjects and transformed into Z-scores 

(Paul et al. 2007; Chang et al. 2008b). The Global Cognitive Score (GCS) is presented as the 

average of the seven cognitive domain Z-scores. The positive Z-scores indicate better 

performance while negative Z-scores indicate worse performance than the mean 

performance (at 0 Z-score) of age- and education-adjusted norms. The cognitive status of 

these subjects was also evaluated by a neurologist or a psychiatrist with a structured 

neurological examination, including the Mini-Mental Status Examination (MMSE; Folstein 

et al. 1975), the HIV dementia scale (Power and Johnson, 1995), and the activity of daily 

living scale (Pfeffer et al. 1982). HIV dementia scale is based on a 16-point scale with scores 

≤10 suggestive of HIV dementia (Power and Johnson, 1995). Using both the 

neuropsychological test findings and the clinical assessments, the HIV+ subjects also were 

determined whether they fulfilled the diagnostic criteria for HIV-associated neurocognitive 

disorder (HAND; Antinori et al. 2007).
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APOE genotyping

Genomic DNA was first extracted from previously frozen whole blood samples that were 

stored in EDTA using Quick-gDNA™ MiniPrep (Zymo Research Corporation, Orange, CA, 

USA). Following DNA extraction, the polymorphic regions of the APOE gene were 

amplified using a PCR-based method (Zivelin et al. 1997). The PCR-amplified DNA 

products were then visualized on 2% agarose gels, from which the DNA bands were 

extracted, cleaned, and subsequently sequenced. APOE genotype was then determined based 

on the DNA sequencing results.

Assays

The concentration of APOE in previously frozen CSF samples were measured using 

AssayMax Human Apolipoprotein E ELISA Kit (Assaypro, St. Charles, MO, USA), based 

on a quantitative sandwich enzyme immunoassay technique. The antibody used for this 

assay recognizes all three APOE isoforms: APOE2, APOE3, and APOE4. APOE assays 

were conducted per manufacturer's protocol. We used diluted CSF samples that were within 

the linear range of the standard curve. A standard curve was generated for every assay run 

and triplicate measurements were conducted for each sample and standard solution.

Statistical analysis

Statistical analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, 

USA). Student's t test or analysis of variance was used for group comparisons. Pearson 

correlation was used to examine the relationship between CSF APOE concentration and 

cognitive scores. Multiple linear regression was used to examine interactions between APOE 
genotype, CSF APOE concentration and HIV serostatus. Data are presented as mean ± SE. P 
values ≤0.05 were considered statistically significant.

Results

Subject characteristics

Only 18 (nine ANI, nine MND) of the 48 HIV+ subjects had cognitive deficits that fulfilled 

the diagnostic criteria for HAND. There was no difference in the proportion of individuals 

with ε4+ genotypes between the SN controls (n=11 or 28%) and the HIV+ subjects (n=15 or 

31%). Among the ε4− subjects, the majority were homozygous ε3/ε3 (89% of the ε4− SN 

subjects and 88% of the ε4− HIV+ subjects). In those with ε4 alleles, the majority had ε3/ε4 

genotype (91% of the ε4+ SN subjects and 73% of the ε4+ HIV+ subjects). Only three 

subjects were homozygous ε4/ε4, and all were HIV+. Between ε4+ and ε4− HIV+ 

participants, there were no differences in their CD4 cell counts (p=0.34), nadir CD4 cell 

counts (p=0.54), duration of HIV diagnosis (p=0.46), scores on Karnofsky scale (p=0.24), 

HIV viral load (p=0.55), and log viral load (p=0.85; Table 1).

CSF APOE levels

HIV-1-infected individuals had significantly lower levels of CSF APOE compared to the SN 

controls (4.2±0.2 vs. 5.2±0.4 μg/mL, p=0.03; Fig. 1a). No difference in the CSF APOE 

levels was observed between ε4+ SN controls and ε4− SN controls (p=0.53; Fig. 1b). In 
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contrast, among the HIV+ subjects, those with the ε4 alleles had higher CSF APOE levels 

than the non-ε4 carriers (5.1±0.5 vs. 3.8±0.3 μg/mL, p=0.01). Figure 1b further shows that 

ε4+ HIV+ subjects had CSF APOE levels comparable to the two control groups.

Cognitive function in relation to CSF APOE levels and APOE ε4 genotype

Figure 2a (left panel) demonstrates that ε4+ HIV-infected individuals had lower mean HIV 

Dementia Score than ε4− HIV-infected individuals (13.3±0.5 vs. 14.6±0.3, p=0.02). Also, an 

inverse correlation between HIV Dementia Scale Score and CSF APOE levels was found in 

ε4+ HIV+ subjects (r=−0.61, p=0.02), but not in ε4− HIV+ subjects (r=0.12, p=0.48; 

interaction, p=0.01, Fig. 2b, right panel).

In general, ε4+ HIV+ subjects performed poorer in all seven cognitive domains, reaching 

statistical significance in four of the domains, and hence had poorer GCS as well (Table 2). 

Three of these four cognitive domains (learning, memory, fluency), and the speed of 

information processing were affected by the ε4 genotype alone or in combination with the 

APOE protein levels and HIV status. Significant interaction between the ε4 allele and CSF 

APOE concentration was observed on the learning domain (p=0.01; Fig. 3a). Higher CSF 

APOE levels tended to be associated with greater learning deficits in all individuals 

harboring the ε4 allele, regardless of the subject's HIV status (ε4+ HIV+: r=−0.47, p=0.08; 

ε4+ SN controls: r=−0.51; p=0.11). Similar trends for higher levels of CSF APOE and 

greater memory deficits were also observed in both ε4+ HIV+ participants and ε4+ SN 

controls (ε4+ HIV+: r=−0.35, p=0.20; ε4+ SN control: r=−0.50; p=0.12; ε4 allele × CSF 

APOE interaction, p=0.09 trend). Additionally, trends for three-way interactions [ε4 

allele×CSF APOE×HIV status] were observed in the fluency (p=0.08) and speed domains 

(p=0.09). While ε4+ HIV+ subjects with higher CSF APOE levels tended to perform worse 

on the fluency and speed domains (fluency: r=−0.44, p=0.10; speed: r=−0.41, p=0.13), ε4+ 

SN controls with higher CSF APOE levels tended to perform better on the fluency domain 

(r=0.55, p=0.08) but not on the speed domain (r=0.25, p=0.46). CSF APOE and the fluency 

domain did not correlate in individuals without the ε4 allele. However, higher CSF APOE 

levels was associated with better performance on the speed domain among HIV+ individuals 

without the ε4 allele (ε4− HIV+: r=+0.35, p=0.05). ε4− HIV+ subjects with higher CSF 

APOE levels also performed slightly better on the executive functioning test (r=+0.34, 

p=0.06). Lastly, an inverse correlation between CSF APOE level and GCS was observed in 

ε4+ HIV subjects (r=−0.57, p=0.03), but not in ε4− HIV subjects or control subjects 

(interactions, p=0.04; Fig. 3b).

Discussion

Here, we report for the first time APOE concentrations in the CSF of HIV-infected 

individuals. In this study, HIV-infected participants had lower CSF APOE levels than 

controls. However, our HIV-infected subjects carrying the ε2 and the ε3 alleles had even 

lower CSF APOE levels than HIV-infected subjects with the ε4 allele, suggesting that HIV 

and the APOE alleles may interact to yield differential expression of the various APOE 

proteins.

Andres et al. Page 5

J Neuroimmune Pharmacol. Author manuscript; available in PMC 2016 June 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We also found that the CSF APOE levels of HIV-infected individuals with the ε4 allele 

remains high, comparable to normal levels. However, these ε4+ HIV+ subjects with 

relatively “normal” levels of CSF APOE protein showed poorer cognitive performance. 

Additionally, they also exhibited negative “dose-dependent” effects on cognition, such that 

HIV subjects with the ε4 allele(s) and higher CSF APOE levels had poorer performance on 

the HIV Dementia Scale and on the Global Cognitive Scores. In contrast, HIV+ individuals 

with the ε2 and/or ε3 alleles (ε4− HIV+ subjects) showed a significant positive “dose-

dependent” effect only on the domain involving speed of processing and a weak effect on 

executive functioning. These findings suggest that higher levels of CSF APOE in HIV+ 

subjects with APOE ε4 allele could negatively impact the brain and lead to poorer cognitive 

outcomes, while those individuals without the ε4 allele may show compensatory responses 

that lead to better cognitive performance.

Similarities and differences with prior studies

Our measurements of CSF APOE levels, with a mean concentration of 5.2±0.4 μg/mL for 

SN controls are consistent with those previously reported by others (Landen et al. 1996; 

Lefranc et al. 1996; Song et al. 1997). Numerous studies had examined the role of CSF 

APOE levels in the neuropathogenesis of AD. To date, the findings on CSF APOE levels in 

AD remain inconclusive. Some studies found higher concentrations of CSF APOE in 

patients with AD (Lindh et al. 1997; Merched et al. 1997), while others found reduced levels 

of CSF APOE (Blennow et al. 1994; Landen et al. 1996; Pirttila et al. 1998) when compared 

to the levels in control subjects. Other groups even observed no significant difference in the 

CSF APOE levels between controls and AD patients (Lefranc et al. 1996; Hahne et al. 

1997). The differences in these findings could be attributed to experimental variations (e.g., 

handling of CSF APOE samples) (Hesse et al. 2000) as well as heterogeneity of the AD 

patient populations (Song et al. 1997; Fukuyama et al. 2000). One study that evaluated CSF 

APOE in relation to cognitive function in AD patients (Fukuyama et al. 2000) found higher 

levels of CSF APOE in AD patients than age-matched controls, and the subjects with higher 

CSF APOE levels had lower scores on the MMSE. The patients studied included early-onset 

AD and late-onset AD, and this inverse relationship between the CSF APOE levels and 

MMSE was even more significant in the early onset AD group. Similar to the findings 

reported in this AD study (Fukuyama et al. 2000), we also observed worse cognitive 

performance with higher levels of CSF APOE, especially in our HIV subjects with the ε4 

allele. In addition, we observed an inverse relationship on some but not all cognitive tasks 

among SN controls who carry the ε4 allele. Prior reports of healthy subjects similarly found 

that those with the ε4 allele may perform better on some cognitive tasks than those without 

the ε4 allele, especially at younger age (Alexander et al. 2007; Mondadori et al. 2007). Since 

our SN subjects are relatively young (average age <50 years), it is not surprising that some 

of our SN subjects have not started to show this inverse relationship. Our findings are also 

consistent with prior reports that found accelerated progression of HIV disease (Burt et al. 

2008) and an increased risk for developing HAND in HIV patients with the ε4 allele (Corder 

et al. 1998; Spector et al. 2010). However, several studies did not find that APOE ε4 allele 

had increased risk on cognitive deficits in HIV subjects (Dunlop et al. 1997; Pomara et al. 

2008; Joska et al. 2010). One of these studies that evaluated the response to an acute 

administration of lorazepam in small sample of non-demented HIV subjects even found that 
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those with ε4 allele(s) had better memory performance than those without the ε4 allele 

(Pomara et al. 2008). Several factors including differences in age, population (i.e., race or 

ethnicity of subjects), HIV viral strain (e.g., clade C in the South African study (Joska et al. 

2010)), and anti-HIV treatments are potential variables that may contribute to the 

discrepancies in these reports.

Possible biological bases of our findings

Lower CSF APOE levels in HIV+ individuals, especially in those without the ε4 alleles, than 

SN controls may be due to one of the following mechanisms. It may be due to the 

downregulation of the APOE gene. A recent report showed that HIV-1 downregulated Apoe 
gene expression and Nef transgenic mice also exhibited reduced expression of Apoe (Arora 

et al. 2009). Hence, the lower CSF APOE levels found in HIV+ individuals with the ε2 and 

ε3 alleles, but not in those with the ε4 alleles, might be due to downregulaton of the APOE 

gene by the HIV-1 virus, and further suggest that the virus may differentially regulate the 

expression of the APOE alleles. Alternatively, the lower CSF APOE levels in the ε4− HIV+ 

individuals may reflect more active recycling of the APOE proteins and cholesterol in the 

brain, which occurs during repair processes (Rellin et al. 2008).

However, the apparently normal levels of CSF APOE in ε4+ HIV+ subjects may also occur 

due to opposing mechanisms. First, the re-uptake and reutilization of the APOE4 isoforms 

may occur at a slower rate compared to those with the APOE2 and APOE3 isoforms. In fact, 

the presence of HIV-Tat disrupts LRP (LDLR-related protein) receptor function, 

dysregulating the binding, uptake, and degradation of APOE4, as well as clearance of other 

ligands like amyloid precursor protein, and β-amyloid protein from the extracellular space 

(Liu et al. 2000). Such disruption of the APOE uptake may likely contribute to higher levels 

of APOE4 circulating in the extracellular space and the CSF. However, if HIV-1 also 

downregulates the production of APOE, as that seen in the mouse study (Arora et al. 2009), 

the combination of decreased clearance (leading to increased levels) and downregulation 

(leading to decreased expression and synthesis) may have counteracting effects, leading to 

this apparently normal level of CSF APOE. Despite this normal level of APOE, however, 

continued exposure to the APOE4 isoforms may lead to neurotoxic effects (Veinbergs et al. 

2002) and the subsequent neuroinflammatory responses (Vitek et al. 2009), which would 

lead to further brain injury and hence cognitive deficits.

In support of this hypothesis, ε4+ neuronal cultures were found to be more vulnerable to the 

toxic effects of Tat and gp120 than non-ε4+ cultures (Turchan-Cholewo et al. 2006), and 

postmortem brains of ε4 individuals with HIV dementia also showed higher levels of 

oxidative markers, cholesterol and sphingolipids, than HIV patients with the ε3 allele (Cutler 

et al. 2004; Haughey et al. 2004; Sacktor et al. 2004). Therefore, the greater oxidative stress 

among the ε4+ subjects also could contribute to brain injury and cognitive deficits (Turchan-

Cholewo et al. 2006). Taken together, the APOE ε4 genotype, CSF APOE levels particularly 

the APOE4 isoform, and HIV-1 may interact and hasten the neurotoxicity in these 

individuals.
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Overlapping indicators for both AD and HAND

Some of the markers in the neuropathogenesis of AD are now implicated in promoting 

HAND. For instance, low CSF Aβ42 has been identified as a reliable biomarker for amyloid 

deposition in the brains of AD patients (Fagan et al. 2005). Similarly, Aβ42 was found to be 

lower in the CSF of individuals with HAND (Brew et al. 2005; Clifford et al. 2009). 

Furthermore, postmortem studies showed that HIV-1-infected brains exhibited greater than 

normal amounts of β-amyloid deposition (Green et al. 2005; Rempel and Pulliam, 2005). 

However, another postmortem study did not find β-amyloid accumulation in the HIV-

infected brains (Gelman and Schuenke, 2004) and a recent small 11C-PiB imaging study also 

found no evidence of fibrillar amyloid plaques in living patients with HIV infection (Ances 

et al. 2010). Since APOE is known to be crucial in the clearance of amyloids (Fagan et al. 

2002) and that APOE4 binds more avidly than APOE3 to β amyloids, enhancing their 

aggregation and deposition into amyloid fibrils (Ma et al. 1994; Nicoll et al. 1995), it is 

reasonable to assume that similar pathways for β-amyloid deposition and the brain's repair 

processes may exist in both AD and HAND. We did not examine the levels of CSF APOE in 

relation to other CSF markers for AD (Aβ42, p-tau, t-tau) in our HIV+ subjects. It will be 

crucial to conduct a longitudinal study to determine how these CSF markers (APOE, Aβ42, 

p-tau, t-tau) might contribute to the progression of, or might serve as biomarkers for 

predicting HAND.

There are several limitations in the current study. First, although we had CSF samples from 

87 individuals who consented to lumbar punctures, the sample size for each subgroup was 

much smaller after we classified the subjects by their HIV serostatus and by their APOE 
genotypes. Therefore, some of the findings are yielding only trends for significance (e.g., 

correlations between CSF APOE levels and some of the cognitive scores). Second, the 

ELISA assay does not distinguish between the three different isoforms; therefore, in the 

heterozygotes, we cannot determine what fraction of the total CSF APOE is due to each 

specific APOE isoform. An ELISA assay that recognizes only the APOE4 isoform would 

provide a better quantification of the APOE4 protein concentration found in the CSF, as a 

large percentage of the ε4+ groups in our study (73% HIV+ individuals and 91% SN 

controls) are ε3/ε4 heterozygotes. However, in ε3/ε4 heterozygotes, 60–70% of the CSF 

APOE consists of APOE4 isoforms (Fukumoto et al. 2003). Third, since the HIV+ subjects 

in our study had relatively mild cognitive deficits, including more HIV subjects with HAND 

may provide stronger effects and validation for these preliminary observations. Fourth, our 

study participants are relatively young (mean age <49 years), and are mostly males, given 

the prior data implicating further interactions between APOE ε4 genotype with age (Valcour 

et al. 2004; Alexander et al. 2007; Mondadori et al. 2007) and sex (Payami et al. 1996), 

including older individuals and females are warranted in future studies.
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Fig. 1. 
a CSF APOE levels in HIV+ individuals (n=48) and SN controls (n=39). b CSF APOE 

levels by HIV serostatus and ε4 allele
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Fig. 2. 
Relationship between CSF APOE levels and cognitive performance. a HIV Dementia Scale 

in HIV+ subjects by ε4 allele. b Relationship between CSF APOE and HIV Dementia Scale 

by ε4 allele
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Fig. 3. 
Relationship between CSF APOE concentration and learning (a) and Global Cognitive 

Scores (b) by ε4 allele and HIV serostatus
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Table 1

Subject characteristics (mean ± SE)

Seronegative controls HIV+ subjects

n=39 n=48

ε4+ (n=11) ε4− (n=28) ε4+ (n=15) ε4− (n=33) p Value

Age (years) 47.2±3.4 47.0±2.5 48.7±3.7 45.8±1.6 0.88

Education (years) 15.5±0.7 15.0±0.4 14.1±0.6 14.5±0.5 0.43

Males (%)/females (%) 9(82)/2(18) 27(96)/1(4) 13 (87)/2(13) 32(97)/1(3) 0.16

Ethnicity

 White 9 9 7 10

 Asian 1 5 3 2

 Black/African-American 0 2 1 1

 Native Hawaiian/Native American 1/0 10/0 2/0 12/2

 Pacific Islander 0 2 2 2

 Others (mix, Hispanic, not reported) 0 0 0 (1,1,2)

APOE genotypes

 ε2/ε3 0 3 0 4

 ε3/ε3 0 25 0 29

 ε2/ε4 1 0 1 0

 ε3/ε4 10 0 11 0

 ε4/ε4 0 0 3 0

CD4 count (cells/mm3) 411.2±66.3 487.4±43.8 0.34

nadir CD4 (cells/mm3) 165.8±49.2 197.9±27.4 0.54

HIV duration (months) 129.4±19.9 148.8±15.0 0.46

HIV viral load (copies/mL) 25,220±14,2189 15,524±8,876 0.55

Log viral load 2.5±0.4 2.6±0.2 0.85

Karnofsky score (max. 100) 89.3±2.5 92.8±1.6 0.24

p≤0.05 is significant
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Table 2

Cognitive function (mean ± SE)

Seronegative controls HIV+ subjects

n=39 n=48

ε4+ (n=11) ε4− (n=28) ε4+ (n=15) ε4− (n=33) p Value

Learning 0.45±0.17 0.27±0.10 −0.37±0.25*, ** 0.11±0.14 0.02

Fluency 0.54±0.17 0.26±0.09 −0.21±0.18*, ** 0.30±0.15 0.05

Memory 0.60±0.16 0.27±0.11 −0.34±0.23*, ** 0.10±0.15 0.01

Attention −0.15±0.23 0.05±0.14 −0.70±0.17** −0.37±0.14*** 0.02

Executive Function 0.09±0.26 0.07±0.14 −0.35±0.17 0.14±0.20 0.39

Motor 0.01±0.22 −0.18±0.16 −0.25±0.25 −0.15±0.17 0.91

Speed 0.05±0.22 −0.08±0.12 −0.26±0.16 −0.14±0.12 0.67

Global cognitive score 0.23±0.14 0.10±0.08 −0.35±0.12*, ** −0.002±0.11 0.02

*
p<0.05, for ε4+ HIV+ vs. ε4+ SN control

**
p<0.05, for ε4+ HIV+ vs. ε4− SN control

***
p<0.05 for ε4− HIV+ vs. ε4− SN control
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