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Background: The apolipoprotein-E (APOE) €4 allele is a risk factor for vascular dementia
and Alzheimer’s disease. Recent studies are equivocal with regards to whether or not the €4
allele confers increased risk for the development of human immunodeficiency virus (HIV)-
associated neurocognitive disorder (HAND), but suggest that age and/or disease severity may
be modulating factors. The aim of this study was to assess the interactions and contributions
of APOE genotype, age, and HIV disease severity as risk factors for HAND in HIV-infected
adults.

Methods: Participants were 259 HIV-positive individuals who underwent APOE genotyping,
a standardized neurological evaluation, a comprehensive neuropsychological evaluation, and
laboratory testing.

Results: Older €4 carriers showed a higher frequency of HAND compared with age-matched
non-e4 carriers. Analysis by discrete neurocognitive domain revealed that advanced age modu-
lated the effect of the €4 allele, such that older €4 allele carriers showed reduced executive
functioning and information processing speed. Exploratory analyses assessing the relationship
between €4 and disease severity in the overall sample revealed that disease severity modulated
the effect of the €4 allele on cognition. Lower absolute CD4+ cell count among €4 allele carriers
was associated with poorer working memory ability.

Conclusion: Advancing age and degree of immunosuppression may influence the association
between APOE €4 allele status and HAND. These two factors need to be taken into account
in future research.
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Background

The introduction of combined antiretroviral therapy has resulted in a significant
decrease in human immunodeficiency virus-1 (HIV)-related morbidity and mortality,’
giving rise to a growing population of older individuals living with HIV. The Centers
for Disease Control estimates that approximately 50% of the HIV population will
be over the age of 50 years in the next few years.? A persistence of HIV-associated
neurocognitive disorder (HAND) has been observed despite a decline in the overall
incidence of new cases of HIV-associated dementia, which is the most severe form
of HAND.*? The prevalence of HAND has been particularly pronounced in older
HIV-positive adults (defined as age over 50 years). For example, HIV-positive adults
over the age of 50 years are almost three times more likely to develop HIV-associated
dementia than younger HIV-positive individuals.® In light of these statistics, further
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study of the factors that place older HIV-positive adults at
disproportionate risk for neurocognitive decline is clearly
warranted.

One factor that has started to receive attention is the
apolipoprotein-E (APOE) genotype. The APOE ¢4 allele
is a risk factor for the development of vascular dementia,”
cognitive impairment after traumatic brain injury®'® and, most
noteworthy, for Alzheimer’s disease.!! APOE genotype has
also been associated with cardiovascular health, longevity,
and cancer.'”'® More recently, €4 has been examined for
its relationship with other neuromuscular'’ and infectious
diseases,'3?! the latter possibly through direct effects on
inflammatory processes.”> An association between the €4
allele and cognition in an HIV sample was first reported over
a decade ago in the pre-combined antiretroviral therapy era
by researchers who found a higher rate of HIV-associated
dementia and peripheral neuropathy among HIV-positive
€4 carriers as compared with HIV-positive €4 noncarriers.?
However, subsequent studies have yielded inconsistent find-
ings.!#2431 Although a variety of methodological differences
exist between these studies that may account for some of
these discrepancies, only two studies, to our knowledge,**
have directly assessed the interaction between HIV (using
an HIV seronegative control group) and APOE genotype on
objective measures of neurocognitive performance. Both
studies found an interaction between HIV and APOE geno-
type, such that HIV-positive APOE €4 carriers demonstrated
poorer cognition compared with seronegative controls. This
suggests that the combination of HIV and the APOE ¢4 allele
puts individuals at increased risk for neurocognitive decline.
However, the majority of the above-mentioned studies have
assessed the effects of APOE genotype on cognition within
HIV samples (ie, without seronegative controls), and the
variability within these studies suggests that other factors
modulate the relationship between APOE genotype and
cognition in HIV. Ascertaining factors that place subgroups
of individuals at risk for HAND is of considerable clinical
import.

Among the studies assessing differences in APOE geno-
type within an HIV sample, one potential explanation put
forth to explain the discrepant findings was that age modu-
lated the relationship between €4 and cognition in HIV:*! This
is consistent with the age-dependent effects of APOE found
in other illnesses.*** Valcour et al*! found no relationship
between €4 and HIV-associated dementia in a sample of
HIV-positive individuals. When age groups were analyzed
separately, €4 conferred a significant risk for older individuals
(=50 years) but not younger individuals. Two studies to our

knowledge have directly assessed the relationship between
advanced age and APOE in the development of HAND and
failed to replicate those findings. However, small sample
sizes may have precluded the ability to ascertain an age by
€4 effect.>%

There is also evidence to suggest that the APOE €4 allele
has a deleterious impact on the course of HIV disease in the
pre-combined antiretroviral therapy era.'®** In a large sample
of HIV-positive individuals, Burt et al' found that individuals
with the APOE €e4/e4 genotype showed accelerated disease
progression and a shorter time until death compared with
those with the APOE €3/€3 genotype. The interplay between
the APOE €4 allele, disease severity, and HAND warrants
further attention. Given that studies using HIV seronegative
control samples have found a deleterious interaction between
APOE genotype and HIV on cognition, it is logical to opine
that disease severity may be another marker that modulates
the impact of APOE genotype on cognition in HIV-positive
samples. Corder et al* not only demonstrated a deleterious
relationship between €4 and cognition, independent of dis-
ease severity, but found an interaction between the €4 allele
and cluster of differentiation 4-positive (CD4+) lymphocyte
counts in plasma, such that HIV-positive €4+ individuals
who presented with lower CD4+ levels had higher rates of
dementia across a 5-year study. This study was conducted in
the pre-combined antiretroviral therapy era and it is unclear
whether the €4 allele would interact with CD4+ in the same
manner in the context of combined antiretroviral therapy. To
our knowledge, this has been the only study to date assessing
the interplay between the APOE €4 allele, disease severity,
and cognition in HIV.

The objective of the current study was to further delineate
the relationship between APOE genotype, age, and HIV
disease severity in a large, well-characterized sample of
HIV-positive adults.

Materials and methods

Participants

The current study received institutional ethics approval
from each of the participating sites’ institutional review
boards. All participants were recruited from the National
NeuroAIDS Tissue Consortium (NNTC) and provided their
written informed consent to participate in the study. The
NNTC sample and research methods have been described
in detail elsewhere.?* Briefly, the NNTC consists of four
sites within the United States: The National NeuroAIDS
Bank in Los Angeles, CA; the Texas NeuroAIDS Research
Center, Galveston, TX; the Manhattan HIV Brain Bank,
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New York, NY; and the California NeuroAIDS Tissue
Network, San Diego, CA. HIV-positive participants were
recruited for the purpose of brain banking and selected
based on having a high risk for imminent death. At study
entry, neuromedical, neuropsychological, psychiatric,
psychosocial, substance abuse, laboratory (including
viral load and absolute CD4+ cell count), cerebrospinal
fluid (when available), and neuroimaging (when available)
assessments were made.

When this analysis was conducted, the NNTC sample
consisted of a total of 1642 HIV-positive individuals with
neurocognitive data. Of these, 467 individuals were selected
for genetic testing based on whether they were neurologi-
cally normal, or had subsyndromic impairment, mild cog-
nitive/motor disorder, or HIV-associated dementia, using
established criteria at study entry.*® This selection process
has been detailed elsewhere.’” From the data available,
participants were then excluded based on whether they
presented with a history of non-HIV-related neurological
illness (eg, stroke or traumatic brain injury with loss of
consciousness longer than 30 minutes), opportunistic infec-
tion affecting the brain (eg, toxoplasmosis, cryptococcal
meningitis, progressive multifocal leukoencephalopathy,
or cytomegalovirus encephalitis), neurosyphilis, or brain
tumor (eg, primary central nervous system lymphoma) and
for missing key demographic or disease severity (CD4+ T
cell count) data, or if their APOE genotyping data were
not reliable. A total of 259 participants remained in the
study. Compared with the larger NNTC sample, the current
sample was similar in regard to mean age (43.52 = 7.82
versus NNTC sample 43.52 £ 8.92, P > 0.05) and had a
higher mean level of education (13.35+£2.57 versus NNTC
sample 12.15 = 3.13, P < 0.05). Ethnicity varied between
samples, with more Caucasians and fewer Latinos in the
current sample (African American 28.6%, Latino 12%,
Caucasian 55.2%, other 4.2%; NNTC sample, African
American, 31.9%, Latino, 27.8%, Caucasian, 37%, other
3.3%, P < 0.05). There was also a trend for a higher propor-
tion of males in the current sample (84.6% versus NNTC
sample 79.2%, P = 0.05).

Participants with substance use diagnoses, psychiatric
diagnoses, and hepatitis C virus (HCV) coinfection were not
excluded because of the high base rate of these diagnoses
in this population, (excluding such participants would not
yield a representative sample of the HIV-positive population).
Rather, we chose to include these participants in the current
study and conduct follow-up analyses using these conditions
as covariates.

Neurocognitive diagnosis

Neurocognitive diagnosis was determined via consensus
agreement between the examining study neurologist and
a board-certified neuropsychologist, with consideration of
laboratory results (eg, viral load and CD4+ T cell count),
neuroimaging (when available), and results of comprehensive
neuropsychological testing. For the purposes of this study,
individuals were diagnosed either as neurologically normal,
or as having HAND, which included mild cognitive/motor
disorder or HIV-associated dementia per established criteria,*
or subsyndromic HIV-related neurocognitive impairment
(equivalent to asymptomatic neurocognitive impairment
as per 2007 Frascati criteria).?® NNTC diagnostic work
sheets with an algorithmic approach were used to maximize
reliability.

Neuropsychological functioning

As part of our study, we also examined the interactive effects
of APOE genotype, age, and disease severity upon specific
domains of neurocognitive functioning. All NNTC partici-
pants underwent a comprehensive neuropsychological evalu-
ation (see Table 1) at study entry by trained psychometrists
under the supervision of study neuropsychologists. For this
study, we focused on the domains of executive functions,
information processing speed, working memory, learning,
and memory, because these are most affected by age and
HIV disease severity. Individual test scores were converted
to z-scores based on the mean and standard deviation of the
larger overall NNTC sample (n = 1642). By using the NNTC

Table | Neuropsychological tests

Domain/test
Executive Functioning

Trail Making Test B*®

Wisconsin Card Sorting Test**%
Information Processing Speed

Digit Symbol®'

Symbol Search®'

Trail Making Test-Form A®
Working Memory

PASAT Trial 192

WAIS-III Letter-Number Sequencing®'
Learning

HVLT-Revised Learning Trials total®®

BVMT—Revised Learning Trials total®
Memory

HVLT-Revised Free Recall®®

BVMT—Revised Free Recall®
Abbreviations: PASAT, Paced Auditory Serial Addition Task; WAIS, Wechsler Adult

Intelligence Scale; HVLT, Hopkins Verbal Learning Test; BVMT, Brief Visuospatial
Memory Test.
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as the normative sample, we were better able to detect devia-
tions from “normalcy” due to genotype, disease severity, and
age. Characteristics of the overall NNTC sample and this
normative approach have been published elsewhere.’” Given
that the analyses were addressing the impact of age, norma-
tive data correcting for age were not used in order to avoid
“double correcting” for this variable. Rather, the effects of
demographics (age, education/premorbid IQ, gender, and
ethnicity) were controlled for within the analyses. Further,
this method offers the same sample from which to derive
normative data across domains. Each of the tests was grouped
by domain, and domain z-scores were calculated as the aver-
age of test scores within each domain.

Cognitive reserve

Participants were administered the reading subtest of the
Wide Range Achievement Test, 3rd Edition* as an estimate
of premorbid intellectual functioning. The averaged sum
of premorbid intellectual functioning (standard score) and
standardized years of education was used as the cognitive
reserve composite score.*

Systemic disease severity

Systemic disease severity was determined using abso-
lute CD4+ at study entry. A cut-point of 200 cells/mm?
(severe < 200 cells/mm?; not severe = 200 cells/mm?) was
used in analyses focusing on disease severity. Nadir CD4+
data were not available for the majority of participants.
Length of known HIV infection was calculated based on the
difference between their self-reported year of infection and
the year that the evaluation was conducted. Exact dates of
seroconversion were typically not available.

Hepatitis C virus

HCV was measured using self-report. A small sample
(n = 48) was formally tested for HCV. Self-reports were
combined with formal testing. Participants were character-
ized as having HCV if they formally tested positive for viral
RNA or if they self-reported having the virus.

Psychiatric and substance use diagnoses

Participants were administered the affective and substance
use disorder sections of the Psychiatric Research Interview
for Substance or Mental Disorders,* a structured diagnostic
interview that yields Diagnostic and Statistical Manual of
Mental Disorders Fourth Edition diagnoses.* They were
classified as being currently depressed or not depressed if
they met the diagnostic criteria for current major depressive

disorder. They were classified as being substance users if
they met diagnostic criteria for current cocaine, metham-
phetamine, heroin, or alcohol abuse and/or dependence
or if their urine toxicology at study entry was positive for
nonmedically prescribed opiates, cocaine, or amphetamines.
These data were available for a smaller subsample (though
still the majority) of participants and used as covariates in
follow-up analyses.

APOE genotype

Peripheral blood mononuclear cells and/or frozen tissue
samples were shipped to the UCLA Biological Samples Pro-
cessing Core from the four NNTC sites for DNA extraction.
The Autopure LSTM nucleic acid purification instrument
was used for extracting DNA. Extracted DNA was then sent
to the UCLA Genotyping Core for genotyping. Genotype
was evaluated according to a number of quality parameters.
Participants were characterized as €4 carriers if they had at
least one €4 allele.

Statistical analyses

Three sets of analyses were conducted. First, in order to
assess the effects of the €4 allele on neurocognitive diagno-
sis, Chi-squared statistics were conducted for each of the age
groups (<50 years versus =50 years) separately. Given the
potential of ethnic admixture confounding these analyses,***
we also reran these analyses with the Caucasian sample alone.
We did not rerun these analyses with the African American
sample because of reduced sample size. Second, in order
to assess the independent effects of the €4 allele and the
interactive effects of the €4 allele and age on discrete neu-
rocognitive domains, we used multiple linear regression
analyses. For each of the cognitive domains, pertinent
demographic information was placed in the first block
(ethnicity, gender, and cognitive reserve). Next, €4 allele
status and age (continuous) were placed in the second block.
The interaction between age and €4 allele status was placed
in the third and final block. Domain z-scores were used as
the outcome variables. In order to be consistent with the
above analyses, we centered age at 50 years, a cut-point that
has been used frequently in studies assessing the effects of
age in HIV infection.**#" In addition, 50 years is the age at
which longitudinal studies suggest that the apolipoprotein
€4 allele begins to exert deleterious effects on cognition.*®#
These main analyses were followed by controlling for the
effects of systemic disease severity (CD4+ using a cut-point
0f 200 cells/mm? and length of infection), psychiatric status
(depression and substance use/abuse), and HCV serostatus
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simultaneously. Next, to assess the relationship between
€4 status, disease severity, and neurocognitive diagnosis, a
binary logistic regression was used. Disease severity (based
on the above-described cut-point of 200 cells/mm?) was
entered in the first block. APOE genotype and the interac-
tion between disease severity and APOE genotype was
placed in the second step. Next, we assessed the interactive
effects of disease severity and APOE genotype on each of
the cognitive domains with multiple regressions. Pertinent
demographic information (including age) was placed in
the first block. APOE €4 carrier status and CD4+ status
were placed in the second block. The interaction between
€4 allele carrier status and CD4+ status was placed in the
final block. Two-tailed tests were used. Descriptive statistics
were examined to ensure that statistical assumptions were
met. Robust standard errors were provided for analyses
that exhibited mild heteroskedasticity (ie, executive func-
tions). To correct for multiple comparisons conducted when
neurocognitive domains were assessed separately, the false
discovery rate was used.*® This approach controls for the
expected proportion of false positives based on the total
number of hypotheses by calculating different q values for
each of the analyses. Each of the significant analyses was
checked to ensure that it was below the expected q value.

Results
See Table 2 for key demographic and clinical data.
Figure 1 shows the frequency of APOE variants between

Table 2 Demographic and clinical characteristics

ed+ €4-
(n=177) (n=182)
Mean (SD) Mean (SD)
Age (years) 4391 (7.72) 43.34 (7.88)
Age over 50 years (%) 234 214
Education (years)* 14.00 (2.50) 13.07 (2.55)
WRAT-III (SS) 98.62 (14.83) 96.52 (14.14)
Cognitive reserve? 101.21 (13.08) 97.45 (12.26)
Sex (% male) 87.0 83.5
Ethnicity (%)
African American 35.1 25.8
Latino 9.1 13.2
Caucasian 50.6 57.1
Other 52 38
CD4+ (T cell count) 219.40 (243.93) 219.23 (243.03)
Length of infection (years)® 11.12 (5.12) 11.61 (5.54)
HAART (% prescribed) 84.4 84.6
Hepatitis C (% positive) 1.7 1.0
Substance use/abuse (%)¢ 27.3 259
Major depression (%)? 19.7 24.7

Notes: P < 0.05; °n = 252; °n = 194; %n = 216.
Abbreviations: HAART, highly active antiretroviral therapy; SD, standard deviation;
WRAT-Il, Wide Range Achievement Test, 3rd edition.

70
60
50

40
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Figure | Percentage of apolipoprotein-E allele combinations by age group.

younger and older adults. There were a total of 77
participants who were carriers of at least one €4 allele,
the proportion of which was comparable between age
groups [x? (1, N =259) = 0.12, P = 0.73]. A total of eight
participants were homozygous and 69 were heterozygous
for €4, both equally distributed between the older and
younger groups. The €4 groups (carriers versus noncar-
riers) were comparable in regards to ethnic distribution
[x* (3, N = 259) = 3.02, P = 0.39], ethnic minority status
[x* (1, N = 259) = 0.92, P = 0.34], and gender [%* (1,
N =259)=0.51, P =0.48]. APOE ¢4 allele carriers in the
current sample had higher levels of cognitive reserve than
€4 noncarriers [F(1, 257) = 4.90, P = 0.03]. Age groups
(older versus younger) were comparable in regards to ethnic
minority status [y (1, N=259)=1.87, P=0.17] and ethnic
distribution [%? (3, N = 259) = 3.89, P = 0.27]. The older
group had a higher percentage of male participants than did
the younger participants [y (1, N =259) = 3.97, P = 0.05]
and evidenced higher cognitive reserve [F (1, 257) = 7.89,
P=0.01].

€4, age, and neurocognitive diagnosis

In the first set of analyses, the relationship between €4
allele status and neurocognitive diagnosis was assessed.
In the overall sample, there was no significant relationship
between €4 allele status and HAND, [y (1, N=259)=0.74,
P =0.39, odds ratio = 1.31]. However, when the age groups
(younger versus older) were analyzed separately, there was
a higher frequency of HAND diagnoses among older €4
carriers compared with their €é4 noncarrier age-matched
peers. In fact, all but one participant with the €4 allele
carried a diagnosis of HAND [x? (1, N = 57) = 8.25,
P =0.004, odds ratio = 13.14; Fisher’s exact test, P=0.005
(Table 3)]. Among the younger sample, the frequency of
HAND diagnoses was comparable between €4 carriers
and €4 noncarriers, [x? (1, N=202)=0.41, P=0.52, odds
ratio = 0.80].
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Table 3 Proportion of HAND by APOE €4 allele status and age

APOE ¢4 Age group
allele status  Younger* Older**
HAND No HAND HAND No HAND
n (%) n (%) n (%) n (%)
Carriers 42 (71.2) 17 (28.8) 17 (94.4) | (5.6)
Noncarriers 108 (75.5) 35 (24.5) 22 (56.4) 17 (43.6)

Notes: *x2 (I, N =202) = 0.41, P = 0.52, odds ratio = 0.80; **x2 (I, N = 57) = 8.25,
P =0.004, odds ratio = |3.14; Fisher’s exact test, P = 0.005.

Abbreviations: APOE, apolipoprotein-E; HAND, human immunodeficiency virus-
associated neurocognitive disorder.

When running the analyses separately for the Caucasian
sample, the findings remained the same. There was no asso-
ciation between APOE genotype and HAND in the overall
sample [x* (1, N = 143) = 0.15, P = 0.70], an association
between the €4 allele and HAND among the older participants
[x? (1,N=36)=6.09, P=0.01, Fisher’s exact test P=0.02],
and no association between the €4 allele and HAND among
the younger participants [x> (1, N=107)=1.11, P=0.29].

Interaction between age and €4 carrier

status on cognition by domain

Next, we examined the effect of age and €4 allele status on
five discrete neurocognitive domains. We focused on the
domains of executive functions, information processing
speed, working memory, learning, and memory, because
these are most affected by age and HIV disease. In the
domain of executive functioning, demographics were sig-
nificantly related to executive function in the first step of
the model [F(3,252) = 11.05, P < 0.001]. In the second
step, there was no main effect of the €4 allele on cognition
(b=—-0.16, P=0.11), although there was a significant effect
ofage (b =-0.02, P =0.002). In the third step, there was a

Table 4 Interactive effects of €4 and age on executive functioning

significant €4 allele by age interaction (b =-0.02, P=0.02,
Table 4 and Figure 2), indicating that the combination of
advanced age and the €4 allele contribute to decline. The
model was improved in each of the steps. Of note, there
were two outliers in the dataset. When these were removed
and the analyses were rerun, there was still no effect of
the €4 allele (P = 0.36) and the results of the interaction
remained unchanged (P = 0.02). Results of the interaction
also remained unchanged (P < 0.05) after simultaneously
controlling for the effects of systemic disease severity
(CD4+), length of infection, psychiatric diagnoses (depres-
sion and substance use), and HCV serostatus. There were no
other significant main €4 effects or age by €4 allele interac-
tions for any of the other domains (see Table 5). However,
after controlling for the effects of systemic disease sever-
ity, length of infection, psychiatric diagnoses, and HCV
serostatus simultaneously, there was a significant €4 allele
by age interaction in the domain of information processing
(b=-0.03, P=0.03), such that the impact of the €4 allele
contributed to decline as individuals advanced in age.

€4 allele and disease severity

The relationship between €4, systemic HIV disease severity,
and cognition was further explored using the entire sample.
In the first analysis, the relationship between disease sever-
ity and APOE genotype on HAND diagnosis was explored.
There was no significant relationship between disease sever-
ity and HAND [b =—0.21, Wald »* (1) = 0.54, P = 0.46] or
interaction between disease severity and APOE genotype on
risk for HAND [b = —0.04, Wald #* (1) = 0.003, P = 0.96].
The results remained unchanged when the Caucasians were
assessed separately. In the next set of analyses, the interactive
effects of APOE genotype and disease severity on each of the

B SEB t P 95% CI Partial n?
(robust) Lower Upper

Step I*

Ethnicity® 0.20 0.09 2.09 0.04 0.0l 0.38 0.02

Sexc 0.23 0.09 2.49 0.0l 0.05 0.4l 0.02

Cognitive reserve 0.01 0.003 4.02 <0.001 0.0l 0.02 0.08
Step 2

Age? -0.02 0.0l -3.18 0.002 -0.03 -0.01 0.04

€4 allele® -0.16 0.10 —-1.6l 0.11 -0.36 0.04 0.0l
Step 3

€4 allele X age -0.02 0.0l -2.37 0.02 -0.05 -0.004 0.02

Notes: *AR2 = 0.10 for step |, AR2 = 0.044 for step 2 (P = 0.002), AR2 = 0.016 for step 3 (P = 0.03); reference group is ethnic minority; “reference group is male; ‘centered

at 50 years; °reference group is €4—.
Abbreviations: Cl, confidence interval; SE, standard error.
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APOE genotype by age
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Figure 2 Interaction between apolipoprotein-E genotype on executive functions.

cognitive domains was explored. Demographics (including
age) were entered in the first step, €4 carrier status and CD4+
(split at 200 cells/mm?) were entered in the second step, and
the interaction between €4 and CD4+ were entered in the
third step. Analyses by five discrete neurocognitive domains
revealed a significant interaction between €4 and CD4+ in the
domain of working memory (b =—-0.48, P=0.03, see Table 6
and Figure 3). The interaction improved the model. Among €4
carriers, individuals with higher disease severity performed
significantly worse. There were no other significant €4 allele
by disease severity interactions (see Table 7).

Discussion

The aim of the current study was to assess potential interac-
tions between APOE genotype, aging, and disease severity
on neurocognitive functioning in a sample of HIV-positive
adults. The results indicate that age augments the relationship
between the €4 allele and neurocognitive dysfunction in
HIV-positive adults. Although we found no impact of €4 on
neurocognitive functioning in the overall sample, when age
groups were analyzed separately, older €4 carriers were at a
disproportionate risk for developing HAND compared with
age-matched €4 noncarriers. When diagnosis was used as
the outcome variable, 94% of older €4 carriers in the cur-
rent sample carried a diagnosis of HAND. Examination by
discrete individual cognitive domains revealed age by APOE

genotype interactions in the domains of executive functions
and information processing speed such that the combina-
tion of the €4 allele and advanced age resulted in reduced
performance. These findings were independent of disease
severity (CD4+ cell count and duration of HIV infection).

Interestingly, although the combined effects of the €4
allele and advanced age were evident at a sub/syndromic
level (as seen in HAND) and on a domain level, there seemed
to be a discrepancy between the diagnostic findings and the
domain level analyses. Whereas almost all of the older €4
allele carriers carried a diagnosis of HAND, interactions
between advanced age and the €4 allele were evident only
in the domains of executive functioning and information
processing speed. This distinction warrants attention because
it may explain some of the variability across studies assessing
the relationship between APOE genotype and HAND. There
are a number of additional factors that are considered when
arriving at a diagnosis (eg, psychiatric and substance abuse
history, neurological history, and functional ability) that are
not considered in deriving neuropsychometric scores. This
may contribute to the discrepancy.

The current results are consistent with the findings of
Valcour et al,*! who found no association between HI'V-asso-
ciated dementia and the presence of one or more €4 alleles
among their entire cohort or when examining only younger
(age < 40 years) participants, but did find a significant asso-
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Table 5 The interaction between APOE €4 and age on cognition by other domains (Step 3)

B SEB t P 95% Confidence Interval
Lower Upper
Working memory
Age? —-0.02 0.01 -2.31 0.02 —-0.03 —0.003
Sex® 0.04 0.15 0.26 0.80 —-0.25 0.33
Ethnicity® 0.34 0.11 3.14 <0.0l 0.13 0.55
Cognitive reserve 0.03 0.004 5.69 <0.001 0.02 0.03
€4 allele? -0.09 0.14 —0.64 0.53 -0.37 0.19
€4 allele x age —-0.02 0.01 —1.17 0.24 —0.05 0.01
Information Processing Speed
Age® -.02 0.0l -3.18 0.002 _0.04 _ol
Sex® 0.11 0.13 0.90 0.37 -0.13 0.36
Ethnicity® 0.12 0.09 1.33 0.19 —-0.06 0.31
Cognitive reserve 0.02 0.004 4.28 <0.001 0.01 0.02
€4 allele -0.21 0.12 —-1.68 0.09 —0.45 0.04
€4 allele x age -0.02 0.01 —-1.54 0.13 —0.04 0.01
Learning
Age? -0.01 0.01 -1.50 0.14 —-0.03 0.004
Sex® 0.09 0.14 0.65 0.52 —-0.18 0.36
Ethnicity® 0.23 0.10 02.19 0.03 0.02 0.43
Cognitive reserve 0.02 0.004 04.63 <0.001 0.01 0.03
€4 allele -0.20 0.14 -1.50 0.14 —0.47 0.06
€4 allele x age —-0.02 0.01 —-1.20 0.23 —0.04 0.01
Memory
Age? -0.01 0.01 —1.41 0.16 -0.03 0.004
Sex® 0.08 0.14 0.56 0.58 -0.20 0.36
Ethnicity® 0.21 0.10 1.99 0.05 0.002 0.41
Cognitive reserve 0.02 0.004 4.55 <0.001 0.01 0.03
€4 allele? -0.13 0.14 —-0.94 0.35 —-0.40 0.14
€4 allele x age -0.02 0.0l —-0.09 0.27 —0.04 0.01

Note: :Centered at 50 years; "Reference group is male; “Reference group is ethnic minority; ‘Reference group is €4—.

Abbreviation: SE, standard error.

ciation between €4 and HI V-associated dementia among older
(age = 50 years) participants. Conversely, the current findings
are inconsistent with two previous studies directly assessing
the interplay between age, €4, and cognition in HIV.>% Both
Chang et al and Spector et al found a negative effect of the
€4 allele on neurocognition in HIV-positive individuals in
their overall sample (older and younger combined); how-
ever, when the age groups were analyzed separately, there
was no increased risk for older participants. Methodological
differences between the current study and these studies in
regards to sample size, clinical features, and demographic
characteristics of the participants may account for some of
these differences.

Chang et al® studied 70 HIV-seronegative and 69 HIV-
positive individuals with neuropsychological tests and
quantitative neuroimaging. Among their seronegative con-
trols, they found evidence suggesting that the €4 allele had
beneficial effects in younger but not older adults (suggesting
antagonistic pleiotropic effects of the €4 allele on the brain).

However, the opposite was found in the HIV sample, with
younger participants demonstrating smaller brain volumes
and poorer cognitive performance. There was no evidence of
worsening with advanced age. One explanation put forward
was that younger HIV-positive individuals might have a more
robust neuroinflammatory response. A small sample size may
have precluded them from finding any additional worsening
with age. In their study, HIV-positive €4 carriers also had
lower CD4+ than noncarriers, although they were comparable
in regards to nadir CD4+. The extent to which disease sever-
ity between age groups within their €4 allele groups differed
is unclear. Spector et al® studied a predominantly male,
HCV-positive Chinese sample of HIV-positive individuals
and found a deleterious effect of €4 on cognition at baseline
in the overall (older and younger combined) sample; how-
ever, when age groups were analyzed separately, there was
no increased risk for older participants with the €4 allele.
The authors opined that this might have been influenced by
the small number of subjects aged over 50 years. The extent
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Table 6 Interaction between apolipoprotein-E €4 and disease severity on working memory

B SEB t P 95% CI Partial 1?
Lower Upper
Step I*
Age —-0.02 0.01 -3.49 0.001 —-0.04 —-0.01 0.05
Ethnicity® 0.34 0.11 3.14 0.002 0.13 0.55 0.04
Cognitive reserve 0.03 0.004 5.79 <0.001 0.02 0.03 0.12
Sex¢ 0.02 0.15 0.11 0.91 -0.27 0.30 0.00
Step 2 0.00
Disease severity? -0.09 0.11 -0.86 0.39 -0.30 0.12 0.00
€4 allele® 0.0l 0.11 0.12 0.91 —-0.21 0.23 0.00
Step 3
€4 allele x disease severity -0.48 0.22 -2.16 0.03 -0.93 —0.04 0.02

Notes: °R2 = 0.21 for step |, AR2 = 0.002 for step 2 (P = 0.69), AR2 = 0.01 for step 3 (P = 0.03); breference group is ethnic minority; “reference group is male; ‘reference

group is CD4+ = 200; °reference group is €4—.
Abbreviations: Cl, confidence interval; SE, standard error.

to which HCV also had an adverse impact on cognition and
may have contributed to their findings is unclear.

Demographic differences between samples in the stud-
ies are also noteworthy. The current study was comprised of
28.6% African Americans, 12% Latinos, 55.2% Caucasians,
and 4.2% “others”, and differs from both Chang et al** and
Spector et al.?? There is evidence to suggest that the risk for
conferring the €4 allele differs between ethnic distributions,
as does the strength of the relationship between the €4 allele
and dementia.** Compared to Caucasians, the association
between APOE genotype and dementia has been found to
be weaker among African American and Hispanic samples.
Conversely, a stronger association has been seen in Japanese
participants. Ethnic differences between study samples may
contribute to the variable findings.

Compared with the previous studies, ours is the only
study, to our knowledge, to control for the effects of cognitive
reserve. Cognitive reserve, often measured with indices of
crystallized intelligence and years of education, refers to the
degree to which an individual can compensate for insults to
the brain. Among HIV-positive individuals, individuals with

APOE genotype by disease severity
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Figure 3 Interaction between apolipoprotein-E genotype and disease severity on
working memory.

higher cognitive reserve capacity may be able to shoulder
greater insult to the brain before they show overt signs of
cognitive dysfunction.*>3'=3 In the current study, older par-
ticipants presented with higher levels of cognitive reserve,
as did €4 allele carriers. Failure to control for the effects of
cognitive reserve when assessing the interactive effects of
€4 and age (should this be the case for older HIV-positive
adults in other samples) on cognition may mask findings.
Interestingly, there is now emerging evidence that supports
the hypothesis of the antagonistic pleiotropic effects of the
€4 allele (ie, the €4 allele having a differential effect across
the lifespan, exhibiting beneficial effects when individuals
are younger and deleterious effects when they are older;
for review, see Tuminello and Han**). Among the research
supportive of this hypothesis, there is some evidence to
suggest that young €4 carriers have higher IQ than young
€4 noncarriers.™ In another study, infant €4 carriers were
found to have higher scores on a mental development scale
compared with infant €4 noncarriers.> It may not be until
older adulthood that a threshold is reached, after which the
protective influence of cognitive reserve against the adverse
impact of neuropathology is reduced.

Additional exploratory assessment of the interplay between
disease severity, €4, and cognition suggested that there was no
consistently significant relationship between APOE genotype,
disease severity, and HAND. This contrasts with previous
findings in the pre-combined antiretroviral therapy era, when
the combination of the €4 allele and advanced disease sever-
ity had synergistic deleterious effects on cognition.” It may
be that the effect of the €4 allele on disease severity is no
longer significant in the post-combined antiretroviral therapy
era or that the combined effects are no longer significant on
cognition in the post-combined antiretroviral therapy era.
However, the current sample used to study this interplay
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Table 7 Interaction between APOE €4 and disease severity by other cognitive domains (Step 3)

B SEB t P 95% ClI
Lower Upper
Executive functioning
Age -0.02 0.01 -3.07 0.002 -0.03 -0.01
Ethnicity? 0.17 0.09 1.93 0.06 —0.003 0.34
Cognitive reserve 0.02 0.004 4.51 <0.001 0.01 0.02
Sex® 0.18 0.12 1.54 0.13 -0.05 0.42
Disease severity® -0.04 0.10 -0.43 0.67 -0.24 0.15
€4 allele? -0.22 0.14 -1.52 0.13 -0.50 0.06
€4 allele x disease severity 0.09 0.18 0.50 0.62 -0.27 0.45
Information processing speed
Age —0.03 0.0l -4.39 <0.001 —0.04 —-0.01
Ethnicity? 0.13 0.09 1.38 0.17 —-0.06 0.31
Cognitive reserve 0.02 0.004 4.16 <0.001 0.01 0.02
Sex® 0.11 0.13 0.90 0.37 -0.13 0.36
Disease severity* 0.14 0.11 1.32 0.19 -0.07 0.35
€4 allele? —-0.05 0.15 -0.32 0.75 —-0.35 0.25
€4 allele x disease severity -0.07 0.20 -0.33 0.74 -0.45 0.32
Learning
Age -0.02 0.01 -2.39 0.02 —-0.03 —0.003
Ethnicity? 0.23 0.10 2.18 0.03 0.02 0.43
Cognitive Reserve 0.02 0.004 4.58 <0.001 0.01 0.03
Sex® 0.08 0.14 0.57 0.57 -0.20 0.36
Disease Severity® 0.03 0.12 0.28 0.78 —-0.20 0.27
€4 allele? -0.12 0.17 -0.70 0.48 —-0.46 0.22
€4 allele x disease severity 0.03 0.22 0.13 0.90 —-0.40 0.46
Memory
Age —-0.01 0.0l -2.18 0.03 -0.03 —0.001
Ethnicity® 0.21 0.11 2.02 0.04 0.0l 0.42
Cognitive reserve 0.02 0.004 4.44 <0.001 0.01 0.03
Sex® 0.07 0.17 0.50 0.62 -0.21 0.35
Disease severity* 0.06 0.12 0.10 0.49 -0.18 0.29
€4 allele? —0.08 0.17 -0.46 0.65 -0.18 0.29
€4 allele x disease severity 0.07 0.22 033 0.74 -0.36 0.50

Notes: *Reference group is ethnic minority; *reference group is male; ‘reference group is CD4+ = 200; ‘comparison group is €4-.

Abbreviations: Cl, confidence interval; SE, standard error.

between APOE genotype and disease severity may also have
precluded us from ascertaining this relationship. The NNTC
was initially established for the purpose of brain banking. As
such, individuals who were at risk for imminent death were
specifically recruited. This may have truncated the range of
CD4+ and limited the potential for ascertaining differences
in CD4+ between €4 carriers and €4 noncarriers. This is a
limitation to our assessment of disease severity and APOE
genotype. Nevertheless, we found an effect on one domain
of cognition (working memory). Although the impact of €4
allele on neurocognitive functioning was not initially evident,
differences emerged when the groups were characterized by
disease severity. Among €4 carriers, individuals who presented
with advanced disease had poorer working memory.

The current findings should be considered with the follow-
ing caveats. First, given the previously established relationship

between €4 and disease progression,'® the possibility that older
individuals with €4 may not be accurately represented in the
current sample, and in other studies assessing the relation-
ship between €4 and cognition in HIV, should be considered.
Valcour et al*” noted a lower €4 allele frequency among older
participants compared with younger ones. More recently, in
a young adult South African sample, Joska et al*® found that
the €4 allele was less common among individuals with HI'V-
associated dementia. These individuals were just entering HIV
care. The extent to which survival rates may have influenced
these findings and the extent to which this contributed to the
overall lack of findings among younger participants or more
significant findings in older participants is unknown and
would best be assessed in a longitudinal design. However, it
should be noted that a Hardy—Weinberg equilibrium analysis
in that study indicated no differences in the proportion of
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South African infant €4 allele carriers or the proportion of

€4 allele carriers in their study sample. Second, the current

study employed a cross-sectional design. Although we have

documented associations between €4, age, disease severity,

and cognition, a longitudinal design is necessary to confirm

these findings and determine whether €4 alone or in combi-

nation with disease severity leads to a progressive decline in

cognition or whether the effects are static.
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