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Abstract

Thisisacross-sectional, observationa study to evaluate the hypothesis that HIV-seropositive
(HIVV+) apolipoprotein E4 (APOEA4) carriers are at increased risk for HIV-associated
Neurocognitive Disorders (HAND) compared to APOE4 noncarriers with HIV in the CNS HIV
Antiretroviral Therapy Effects Research (CHARTER) Group sample. APOE genotype was
determined in 466 CHARTER participants with varying disease stages and histories of
antiretroviral treatment who did not have severe psychiatric or medical comorbid conditions that
preclude diagnosis of HAND. HAND diagnoses were based on results of comprehensive
neurobehavioral evaluation and use of current neuroAIDS diagnostic criteria. HAND status
consisting of two levels: neuropsychologically normal status (i.e., no HAND) and any HAND
diagnosis (i.e., asymptomatic neurocognitive impairment, minor neurocognitive disorder, HIV-
associated dementia). Logistic regression analyses reveal ed no association between APOE4 carrier
status and HAND, and there were no interactions between APOE4 carrier status and ethnicity, age,
substance use disorders, duration of infection, or nadir CD4. Results did not differ when analysis
was restricted to symptomatic HAND, and no APOE4 gene dose-dependent relationship to HAND
emerged. APOE4 status was not associated with concurrent HAND in thislarge, well-
characterized sample. This does hot preclude emergence of an association between APOE4 status
and HAND as this population ages. Prospective, longitudinal studies are needed to examine
APOE4 as arisk factor for neurocognitive decline, incident HAND at older ages, and potential
associations with CSF amyloid.
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INTRODUCTION

METHOD

Participants

HIV-associated neurocognitive disorders (HAND) remain prevalent in the era of combined
antiretroviral therapy (CART), affecting up to half of all infected individuals across the
spectrum of HAND. Although the rate of HIV-associated dementia (HAD) has decreased
considerably, among medically-asymptomatic HIV-seropostive (HIV+) patients the
prevalence of HIV -associated neurocognitive impairment is significantly higher since the
introduction of CART (i.e., 35% versus 25%, p=.001;2), suggesting that HIV remains
neurovirulent despite medical treatment advances. As such, identification of HIV+
individuals at risk for neurocognitive impairment is still important, especially considering
that even milder forms of HAND have been associated with functional impairment (e.g.,3),
morbidity, and mortality (e.g.,%).

In addition to HIV disease (e.g., low nadir CD4 count;2) and demographic (e.g., age;> ) risk
factors, host genetics are increasingly viewed as an important factor in determining who is at
risk for developing HAND. The apolipoprotein E4 allele (APOE4) is areliable genetic risk
factor for sporadic Alzheimer’ s disease (e.g.,”), and has been suggested to have arolein
several other neurological conditions, including central nervous system (CNS) response to
chronic infection such as HIV8: 2, Clinical reports examining the association of APOE4 and
HAND have been mixed. HIV-associated dementia (HAD) has been reported to be twice as
prevalent in APOEA4 carriers as compared to non-carriers even when disease characteristics
were controlled!, Valcour and colleagues!! observed that presence of an APOE ¢4 dlele
was associated with a threefold independent increase in risk for HAD in agroup of older
HIV+ individuals (i.e., 50 years of age and older), but no increased APOE4-related risk was
demonstrated in a group of younger HIV+ counterparts. In contrast, several studies have
failed to demonstrate a relationship between APOE4 and HAD1214, and two studies that
related APOE4 status to risk for the full spectrum of HAND (i.e., including milder forms,
such as Asymptomatic Neurocognitive Impairment or ANI) have reported contradictory
results, with a positive association reported in a sample from Chinal®, but a negative finding
in South Africal®.

Importantly, small sample sizes (i.e., typically fewer than 200 participants; cf.12), restricted
age ranges, and differencesin approach to HAND diagnosis may have contributed to the
inconsistent findings reported across these studies, and therefore a thorough investigation of
the potential APOE4-related risk for HAND in alarge, well-characterized HIV+ sampleis
warranted. Accordingly, the present study aimed to extend prior reports of an association
between APOE4 and cognition in HIV, with the hypothesis that APOE4 carriers would be at
greater risk for HAND.

Participants included 466 individuals with HIV infection who were enrolled in the larger,
ongoing CNS HIV Antiretroviral Therapy Effects Research (CHARTER) study, which
investigates neurological complications of HIV infection in the era of CART. Confirmed
HIV+ participants in the CHARTER cohort received comprehensive neurobehavioral and
neuromedical examinations. The study excluded individuals with severe comorbid
psychiatric, medical, and neurological disorders likely to adversely affect cognitive
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functioning (i.e., those rated as “ confounding;” seel) while still yielding a representative
sample of HIV-seropositive individuals.

For this study, participants were also excluded if they were not fluent in English and/or if
their self-reported ethnicity was identified as any category other than Caucasian or African
American. Restriction of the sample to these ethnicity groups, which were most the
prevalent groups within the larger CHARTER sample, better allowed for consideration of
the potentially confounding effects of population stratification (i.e., the possibility that
results may reflect false positive findings or true associations may be masked due to genetic
background;17).

Neurobehavioral assessment—The neurobehavioral evaluation included the
Composite International Diagnostic Interview (CIDI;18) for documentation of current and
lifetime psychiatric disorders and a neuropsychological battery that met the standard of
practice for neuropsychological research in HIV by providing a comprehensive yet relatively
brief (i.e., approximately 3 hours) evaluation of the cognitive domains affected by HIV19,
including the following: (1) Verbal Fluency: Controlled Oral Word Association Test
(COWAT-FAS;20. 21) and semantic verbal fluency (animals;21); (2) Speed of Infor mation
Processing: Trail Making Test-Part A (TMT-A; 22 23) Wechsler Adult Intelligence Scale-
[l (WAIS-111) Digit Symbol and Symbol Search?* 25, Stroop Color-Word Test25; (3)
Attention/Working Memory: Paced Auditory Serial Addition Test (PASAT; 27.28),
Wechsler Adult Intelligence Scale-I11 (WAIS-111;24 25) Letter-Number Sequencing; (4)
Executive Functions: Halstead Category Test?2 23, Wisconsin Card Sorting Test-64 Card
Version (WCST-64; 29) Perseverative Responses, Trail Making Test Part B (TMT-B; 22 23),
Stroop I nterference Ratio?5; (5) L ear ning: Hopkins Verbal Learning Test-Revised (HVLT-
R;30: 31y and Brief Visuospatid Memory Test-Revised (BVMT-R; 31.32) Total Trial 1-3
Recall, Delayed Recall; (6) Memory: HVLT-R and BVMT-R3%-32 Delayed Recall; (7)

M otor : Grooved Pegboard Dominant and Non-dominant hand22: 33,

In an effort to minimize the effect of demographic characteristics, such as age, education,
sex, and ethnicity, on neuropsychological test performance, raw scores from the measures
listed above were converted to demographically-corrected T-scores. Trained clinical
neuropsychologists used the T-score to assign clinical ratings based on a highly specified
agorithm described previously [see 34 ] and also determined case conference HAND
diagnoses using the recently published guidelines for classifying HAND (i.e., Frascati
criteria; 19).

Neuromedical evaluation—The following information was gathered during the
neuromedical evaluation: Medical history, current medications and medication history,
neurological examination, physical examination, and laboratory evaluations (e.g., blood and
cerebrospinal fluid collected for banking and testing).

Genetic characterization—As part of the neuromedical examination for the CHARTER
Host Genetics project, participants underwent a blood draw, for which 10-12 mL of plasma
and 5 mL of serum are collected, and 4 mL of peripheral mononuclear blood cells (PBMCs)
are stored (providing an adequate quantity for genetic analysis). DNA was extracted from
the PBMCs using standard procedures. rs7412 and rs429358 (which define the APOE 2,
e3, and e4 isoforms), were genotyped using TagMan predesigned SNP genotyping assays
(Applied Biosystems; Foster City, California). Assays (C_904973 10 (rs7412) and

C 30846793 20 (rs429358)) were performed following the manufacturers recommended
protocol.
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The demographic and HIV disease characteristics of the total sample and the APOEA4 carrier
status groups (carrier versus non-carrier) are presented in Table 1 and psychiatric
characteristics are presented in Table 2. The groups were largely comparable, with the
exception of ahigher percentage of Caucasian participants in the APOE4 noncarrier group
relative to the carrier group (p=.002). Also, there were no group differences on arating that
represents the degree to which comorbidities may affect cognitive performance, which is
also shown in Table 1; that is, the number of casesrated as “incidental” (indicating that
neurocognitive deficits were most likely due to HIV infection) or “contributing” (reflecting
the presence of conditions that likely contribute to the observed deficits) did not statistically
differ between the APOEA4 carriers and noncarriers (see 1 for additional information
regarding classification of comorbid conditions).

Results of alogistic regression analysis in which APOE4 carrier status, ethnicity, age, and
interaction terms for APOE4 carrier status by ethnicity and age were included in a model
predicting HAND revealed that the model was significant (=5, X%=12.1, p=.03), and the
only significant predictor was age (p=0.03; all other predictors s> .10). Given that no
interaction effects were observed, Figure 1 shows afollow-up contingency analysis
collapsed across ethnicity and age in which there is no difference in the prevalence of
HAND in the APOE4 carrier and noncarrier groups (X4=0.42, p=0.52, OR=0.87, 95% CI =
0.58 - 1.31). It isimportant to note that for this analysis, and for all subsequent analyses
reported below, the pattern of results did not differ when the analyses were restricted to the
Caucasian group only. Furthermore, the results were similar when APOE4 dose (i.e.,
noncarrier; heterozygous carrier, /=126, 27%; homozygous carrier, /=18, 0.04%) was
substituted for APOE4 carrier status (i.e., carrier versus non-carrier).

Since studies reporting an APOEA4 effect in HIV infection have typically demonstrated
increased risk for HAD, a similar logistic regression was run but the criterion was restricted
to symptomatic HAND, comprised of participants diagnosed with MND (r=46) and HAD
(r=6) versus normal cognition (/=281). The overall model was null (af=5, X4=8.0, p=0.16)
and al predictors were nonsignificant (ps > .10), suggesting that APOE4 carriers were not
more likely to have symptomatic HAND than noncarriers. Figure 1 shows a contingency
analysisin which no difference in the rate of symptomatic HAND was observed across the
APOE4 carrier groups (X?=1.66, p=.20, OR=0.64, 95% CI = 0.32, 1.27).

In a series of planned follow-up analyses, separate logistic regression analyses were
conducted in which potentially important predictors were included with APOEA4 carrier
status, including demographic characteristics (i.e., years of education, comorbidity status),
HIV disease characteristics (i.e., nadir CD4 count, CSF VL detectability, CART status, and
AIDS diagnosis), and psychiatric characteristics (i.e., current and lifetime Major Depressive
disorder and lifetime substance dependence diagnoses), as were interaction terms between
all of these variables and APOE4 carrier status. Notably, all main effects and interactions
with APOEA4 carrier status in predicting HAND were nonsignificant (ps> .10). Finaly, a
series of chi-square analyses conducted for seven separate cognitive domains revealed no
differencesin the prevalence of domain-level impairment (based on domain clinical ratings)
by APOEA4 carrier status (all ps> .10), including the following domains: learning, memory,
executive functions, working memory, speed of information processing, verbal ability, and
motor skills.
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DISCUSSION

We found no significant associations between HAND and APOEA4 dlele status. Moreover,
there was no significant interaction of APOEA4 carrier status by age, which might be
expected based on prior findings by Valcour and colleagues!!, who demonstrated APOE4-
related risk for HAD among older but not younger adultsin their sample. Furthermore, there
were no interaction effects between APOE4 and HIV disease characteristics that are
believed to be associated with cognition, including nadir CD4, detectible CSF viral load, use
of antiretrovirals (CART), and AIDS diagnosis. Finally, no relationships were revealed in
investigations of whether APOE interacts with current or lifetime history of Major
Depressive disorder or history of substance dependence, years of education, or degree of
comorbidity.

These results are consistent with four studies that have reported no association between
APOE4 and cognitive outcomes (i.e.,12-14 16) Prior studies have had significant limitations
that temper their conclusions, but the strengths of our study include arelatively large sample
size of 466 HIV+ individuals representative of American HIV patients, and a systematic and
extensive neuromedical and neurobehavioral characterizaton of HAND diagnoses!®. We
were also able to investigate the potential contributions of demographic, disease, and
psychiatric factors that might have confounded the primary observations, and still could find
no evidence of an effect of APOE4 status on HAND.

With regard to the potential effects of ethnicity, it is known that APOE4 is more common
among African Americansin comparison to Caucasians but the risk relationship of APOE4
to poor cognitive outcomes (e.g., AD) has been shown to be weaker in this group®.
Although population stratification could therefore potentially have influenced our findings,
it isunlikely because we accounted for this possibility in two ways; namely, we included
ethnicity and its interaction with APOEA4 carrier statusin our regression models and verified
our findings among our Caucasian sample separately, both of which yielded negative results.

Since two of three prior studies that suggested an APOEA4 effect on neurocognitive outcomes
in HIV used HAD astheir criterion® 11 we also conducted analyses in which we restricted
the comparison to those with no HAND diagnosis versus those with symptomatic HAND,
including MND and HAD. In contrast to both Corder and colleagues!© and Valcour and
colleagues!, we did not observe any relationship between these outcomes and APOEA4.
However, our study did not have the power to consider risk for HAD alone given israrity in
the current therapeutic era. Similarly, Corder and colleagues 10 sample largely included
HAD associated with uncontrolled HIV viral infection, a condition that was rare in the
present sample.

Another important factor that was considered in our analyses was the potential influence of
age. APOE4 is arisk factor for sporadic AD that is expressed in advanced age. Valcour and
colleagues!! observed a significant APOE4 effect on risk for HAD among older but not
younger HIV+ individuals. We did not observe a significant interaction between APOE4
carrier status and age in our sample, but it is possible that too few older adults were included
in our sample to observe the effect. Specifically, our sample included 118 HIV-seropositive
individuals (25.3% of the sample) whose age exceeded the standard age cut-point defining
older adult statusin neuroAIDS (i.e., age 50 or older), 50% of whom had aHAND
diagnosis, but nevertheless there were relatively few individuals aged 60 or older (i.e., 17
participants; 3.7% of the sample). Valcour and colleagues3® raised the possibility that
carrying APOE4 may have a detrimental effect on survival given their observation that the
older group of HIV+ individuals in their sample had a significantly lower APOE4 carrier
rate (23%) relative to their younger group of individuals less than 40 years of age (37%, p
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=.02), afactor which may influence APOE4-related findings. In contrast, in our sample the
APOEA4 carrier rate among the older adults (aged 50 and older) was 31%, which is similar to
the APOEA4 carrier rate of the total sample and not statistically different from the rate
observed among participants younger than 40 (25.6%, p= .32), suggesting that our findings
were not likely influenced by survivor bias.

These findings do not necessarily indicate that accel erated aging does not occur in HIV
infection. It is known that beta amyloid accumulation occurs for decades prior to
manifestation of neurobehaviora deficits3’. Thus, the current negative findings regarding
neurocognitive impairment in a sample with an average age of 44.1 (SD = 8.4) do not
preclude the possibility that neurocognitive deficits may develop prematurely, or that
neuropathological and biomarker changes might be observed in our sample38: 29, |t may also
be the case that the specific APOE4-related risk is expressed at more advanced ages, similar
to uninfected individuals, but that other factors may result in manifestation of
neurocognitive impairment at younger ages, such as earlier onset of cardiovascular and
metabolic disease (e.g.,%). Additionally, age was a significant predictor in the first model
presented above, despite the use of age-corrected normative scores for determination of
HAND. Although not directly tested in this study, this finding may be evidence of an
interaction between HIV and aging on expression of HAND, which may be further
elucidated through examination of interactions between age and HIV disease factors (e.g.,
nadir CD4 count, duration of infection and ART) and comorbidities (e.g., substance
dependence) in future work.

There are several limitations to the present study, suggesting future directions of study. The
limited number of >60 year-old subjects limits our ability to detect impairment associated
with the development of AD. Idedlly, this analysis should be conducted in a sample with a
larger number of older individuals with varying duration of infection to assess the role of
survivor bias. Furthermore, with only six individuals with HAD in our sample, we cannot
effectively study this advanced neurocognitive disorder, which may have had a different
mechanism from our current mild HAND presentation. Nevertheless, although it is possible
that our findings may have been different if alarger number of HAD cases were available, it
isunlikely given that APOE4 did not predict symptomatic HAND, which included HAD and
MND (r=52). Additionally, the cross-sectional design of the study did not allow for
examination of APOE4 effects on longitudinal outcomes such as neurocognitive decline,
rate of progression to HAND, and risk for functional decline. Although the present study
examined many cofactorsin order to account for their potential influence, such as
demographic factors (e.g., age), HIV disease characteristics (e.g., hadir CD4 count), and
psychiatric factors (e.g., substance dependence), there are many other variables that may be
critical to neurocognitive impairment in HIV that warrant consideration, such as
cardiovascular risk factors (e.g., hypertension, diabetes mellitus), markers of
cerebrovascular disease, effectiveness of antiretroviral CNS penetration, other genetic risk
factors (e.g., monocyte gene expression), survivor bias, and potential unmeasured gene-
environment interactions. Furthermore, the current study relied upon self-reported ethnicity
to evauate the potential effects of population stratification, and thereforeiit is possible that a
different pattern may emerge if ancestry-informative markers (AIM) were used to define the
populations and correct for potential effects of stratification (e.g.,1).

Regarding future directions, there are several potential avenues for further elucidating the
relationship between APOE4 carrier status and neurocognitive outcomesin HIV infection.
The role of cognitive reserve in expression of HAND as a function of APOEA4 carrier status
could be explored with a more sophisticated measure of cognitive reserve than education
alone (which yielded no significant interaction in the present study). Future studies may aso
include biomarker or imaging data, which would alow for more direct examination of the
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potential APOE4-related manifestations of HIV-associated neuropathology in relation to
neurocognitive performance. Given that amyloid deposition may precede clinical
manifestation of AD by a period of decades, future work could also examine whether
APOE4 is associated with beta amyloid levelsin the CHARTER sample of HIV+
individua\lss7 through measurement of CSF beta amyloid or imaging techniques such as 11C-
FiB (eg.,®).
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Figure 1. No Differencesin Rate of HIV-associated Neur ocognitive Disorder (HAND) By APOE4
Carrier Status

There was no difference in the prevalence of HAND by APOEA4 carrier status, even when
the analysis was restricted to symptomatic HAND (i.e., Minor Neurocognitive disorder and
HIV -associated dementia, excluding asymptomatic neurocognitive impairment); al ps>.10.
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Table 1

Demographic and Disease Characteristics of the Sample

Variable Total SampleN =466 | APOE4 Carrier n=144 | APOE4 Noncarrier n=322 | p
Age (M, SD) 44.1 (8.4) 44.3(8.1) 44.0(8.6) 75
Education (M, SD) 13.0(2.5) 12.8(2.5) 13.0 (2.4) 38
% Male 78.8% 77.1% 79.5% .56
% Caucasian 50% 39.6% 55.0% .002
% cART 69.5% 68.8% 69.9% 92
% AIDS 61.1% 58.7% 62.1% 49
% Detectable CSF VL 30.1% 30.2% 30.0% 97
% Detectable Plasma VL 53.1% 50.7% 54.2% 49
Duration infection (Mo)~ 124.8[56.9, 183.4] 122 [59, 180] 126 [52, 185] 68
Nadir cD4Z 175[50.3, 299 193 [45, 333] 162 [55, 286] .39
% HCV 27.0% 31.5% 24.9% 5
Comorbidity rating (% Incidental) | 68.2% 66.7% 68.9% .63

Page 11

Note. CART = combined antiretroviral therapy; CSF VL = cerebrospinal fluid viral load; plasma VL = plasmaviral load; HCV = hepatitis C
infection; Incidental comorbidity rating reflects likelihood that observed neurocognitive impairment was due to HIV infection versus contributing
or confounding comorbid conditions [35];

'zdata are presented as median [interquartile range] and p-values are based on Wilcoxon Rank-Sum test
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Table 2

Psychiatric Characteristics of the Sample

Disorder Total N=466 | APOE4 Carrier n=144 | APOE4 Noncarriern=322 | p

Current MDD 13.7% 11.8% 14.6% 40
Current Dysthymia 0.2% 0% 0.3% .10
LT MDD 51.3% 51.4% 51.2% .98
LT Dysthymia 1.1% 1.4% 0.9% .65
LT Alcohol Dependence 29.4% 32.6% 28.0% 31
LT Meth Dependence 12.0% 12.5% 11.8% .83
LT Cocaine Dependence 33.5% 38.9% 31.1% .10
LT Cannabis Dependence 10.9% 11.8% 10.6% .69
LT Opioid Dependence 15.2% 20.1% 13.0% .05
LT Sedative Dependence 2.6% 4.9% 1.6% .05
LT Inhalant Dependence 1.1% 1.4% 0.9% .65
LT PCP Dependence 1.5% 2.1% 1.2% .68
LT Hallucinogen Dependence | 1.3% 0% 1.9% .18
LT Other Dependence 0.6% 0% 0.6% .56

Note. Current = diagnostic criteria were met within 30 days of evaluation; MDD = Major Depressive disorder; LT = lifetime diagnosis
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