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It is not known whether the apolipoprotein E (ApoE) e4 allelic variant is
associated with human immunodeficiency virus (HIV)-associated dementia
(HAD) in a South African population, where HIV clade C is predominant.
ApoE genotyping was performed on 144 participants in a larger study of HIV-
associated neurocognitive disorders (HAND). There was a lower frequency of
the e2 and e3 alleles in the HIV-positive group, compared to a group of
300 community-based newborn infants. There were no differences in ApoE
genotype across different categories of HAND. The e4 allelic variant was less
common in individuals with HAD than in those without HAD. These findings
suggest that the e4 allelic variant in HIV-positive individuals is not associated
with the development of HAD in Southern Africa. Journal of NeuroVirology
(2010) 16, 377–383.
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Introduction

Apolipoprotein E (ApoE) is a protein involved in
lipid metabolism in both peripheral tissue as well
as the central nervous system. It has three major
allelic variants: e2, e3, e4. ApoE allelic variants occur
with different frequencies across different ethnici-
ties, in particular between individuals of European
and African descent (Gerdes, 2003). The ApoE

e4 allelic variant is thought to be the most common
in African populations. In one epidemiologic review,
the frequency of e4 in Caucasian samples (defined as
the number of e4 alleles in the total sample) ranged
from 0.082 to 0.194, whereas in a Nigerian sample,
the reported frequency was 0.310 (Eichner et al,
2002). In a study of the Khoi San population of
Southern Africa, an allelic frequency of 0.37 was
reported (Eichner et al, 2002; Sandholzer et al,
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1995b). The higher frequency of ApoE4 in indivi-
duals of African ethnicity may have substantial
implications for the frequency of neurodegenerative
conditions in this setting.

The e4 allelic variant has been shown to increase
the risk of developing both Alzheimer’s disease (AD)
and certain brain disorders (Frisoni et al, 1994;
Samatovicz 2000). ApoE4 is thought to be involved
in the consequences of abnormal lipid metabolism
(such as atherosclerosis), as well as in several inflam-
matory pathways in the central nervous system
(CNS) (Eichner et al, 2002). The latter pathways
include increased microglial responses, oxidative
stress, and the production of nitric oxide (Barger
and Harmon, 1997; Colton et al, 2004; Laws et al,
2003). In AD, the e4 allelic variant is associated
with an increased deposition of amyloid plaques
(Polvikoski et al, 1995). Amyloid production is in
part mediated by cytokines secreted from activated
microglia, a process that may be accelerated in car-
riers of the E4 allele (Corder et al, 1998). Microglial
activation may also occur in infections of the CNS
infections, such as human immunodeficiency virus
(HIV). The combined effect of certain ApoE allelic
variants and HIV infection may result in an additive
neurodegenerative effect (Pemberton et al, 2008).

There are similarities between neurodegeneration
in HIV-associated dementia (HAD) and that of AD. For
example, the amyloid precursor protein has been
reported in those with HIV encephalitis (An et al,
1997). Other clinical-pathological studies among
older subjects with HIV infection have identified an
association with CNS plaques and elevations of cere-
brospinal fluid (CSF) amyloid beta (Esiri et al, 1998;
Valcour et al, 2004). In one report it was noted that a
genetic variant of tumor necrosis factor alpha (TNF-a)
is associated with HAD (reported as acquired immu-
nodeficiency syndrome [AIDS] dementia complex)
(Pemberton et al, 2008). Clinical studies of the asso-
ciations between ApoE and HAD have produced
conflicting results, with some reporting increased
risk for HAD and peripheral neuropathy and others
describing no association (Corder et al, 1998; Dunlop
et al, 1997). Some have noted that the ApoE4 geno-
type together with advancing age confers an increased
risk for HAD (Burt et al, 2008; Valcour et al, 2004).

To date most studies of ApoE and HIV-associated
neurocognitive disorders have been conducted in
high-income countries where HIV clade B

predominates. It has been proposed that the different
HIV clades exert different neurotoxic effects via a
functional difference in the transactivator protein
(tat) (Mishra et al, 2008). Clinical reports from India
and South Africa suggest that HIV-associated neuro-
cognitive disorders (HAND) may be as common in
regions where clade C predominates (Gupta et al,
2007; Joska et al, 2009). In these populations, HAND
may then involve mechanisms of neurotoxicity other
than those mediated by tat. The possible role of other
correlates of HAND, such as ApoE4, requires further
study. Evidence for the interactive effect of age with
ApoE4 on neurodegeneration suggests that this var-
iant is associated with an accelerated disease course
and progression to death (Burt et al, 2008; Valcour
et al, 2008). These data are supported by the fact that
although HAD has been linked to a higher frequency
of e4 in some reports, this genotype occurs less often
in older individuals, even when controlling for eth-
nicity (Valcour et al, 2008).

In this study, we sought to establish the distribution
and frequency of ApoE allelic variants in a South
African HIV-positive clinic population well charac-
terized with respect to HAND status. In particular we
evaluate potential associations between ApoE4 and
HAD. We hypothesized that the ApoE e4 allelic var-
iant would occur at higher frequencies similar to that
reported in other African populations, and that this
allelic variant would be associated with HAD status.

Results

A total of 144 HIV-positive participants were included
in the analysis. The majority were women (74%), isiX-
hosa speaking (88%), and had a median CD4 cell count
of 168 (interquartile range [IQR] 115–199). The median
CD4 counts for the categories of HAND were 182 (IQR
148–191) for nonimpaired, 181 (IQR 146–235) for
asymptomatic neuropsychological impairment (ANI),
180 (IQR 128-241) for mild neurocognitive disorder
(MND), and 139 (IQR 75–184) for HIV-associated
dementia (HAD). “The mean age was 29.5 (SD 3.65)
and levelofeducationwas10years (SD1.85) (Table1)”.

The distribution of ApoE alleles were found to be
in Hardy-Weinberg equilibrium (HWE) for both the
group of controls, as well as the HIV+ participants.
Using an exact statistic, the probability of the two
groups not being in HWE was .68 and. 55, respectively.

Table 1 Demographic characteristics of HIV-positive participants and HIV-negative adult neuropsychology controls

Characteristic HIV+ participants (n = 144) HIV� participants (n = 50) P value

Mean age (SD) 29.5 (3.65) 25.28 (5.58) <.001
Women (%) 106 (74) 32 (64)
Years of education (SD) 10.02 (1.85) 10.82 (1.64) .642
Speak isiXhosa (%) 127 (88.2) 42 (84)
CD4 count 188 (118) — —

AAN-defined HAD (%) 41 (28.4%) — —

ApoE4 genotype and HIV-associated dementia

378 JA Joska et al



Apolipoprotein E e alleles in HIV-positive group
and the general population
The distribution of ApoE allelic combinations for
HIV-positive study participants and a newborn pop-
ulation-based sample for comparison is presented in
Table 2. When we compared the overall genotype
distributions between two groups, we found signif-
icant differences between the genotypes (two-sided
exact P value = .042). The e2/e2 allelic combination
was significantly less frequent in the HIV-positive
group than the newborn controls.

The allelic frequencies between the HIV-positive
and the newborn groups are presented in Table 3. We
found that the e2 and e3 alleles differed significantly
(c2 = 12.2, df = 2, P = .002), with a lower frequency of
the e2 and e3 alleles in HIV-positive adults than
newborn controls.

Apolipoprotein E e alleles and HAND
There were no differences in the allelic distribu-
tions of ApoE across different categories of HAND
(Table 4) (overall exact P value = .66), nor were there
differences in CD4 count for the ApoE genotypes
(P = .14). The relationship between e4 status (having
one or more e4 alleles) was compared to participants
with and without HAD (Table 5).

Discussion

We report the first study, to our knowledge, evalu-
ating the relationship between ApoE genotype and
HAND in southern Africa. In this study, the
allelic frequency of the e4 allelic variant in both

the community-based newborns and the HIV-
positive adults was similar to reports of other African
populations. The frequency of the e2 allelic variant
was significantly lower in the HIV-positive adults
compared to newborns. There were no differences
in ApoE genotype and category of HAND. We did
note a significantly lower frequency of the e4 allelic
variant in adults with HAD, compared with those
without HAD.

In this sample, among isiXhosa speakers, we found
a high frequency of the e4 allelic variant amongst
newborns, as well as HIV-positive adults (0.302 and
0.297, respectively). The relatively high frequency of
the e4 variant is in keeping with other studies of
African populations, where frequencies of ApoE
e4 of 0.31 and 0.20 have been found, and confirms
that ApoE e4 is more common in this ethnic group
than in non-African groups (Burt et al, 2008;
Kamboh et al, 1989). In a study of the indigenous
Khoi San population in Southern Africa, a slightly
higher frequency was found (0.37) (Sandholzer et al,
1995). A similar frequency of ApoE e4 was found also
in the control sample (0.30). The implications of this
high frequency of e4 are for increased rates of e4-
related neurodegenerative diseases, including HAD.
This is of especial relevance in a regions with a very
high HIV seroprevalence and an aging population
(Burt et al, 2008; Mahley et al, 2009).

In addition, we found that the e2/e2 genotype
occurred significantly less frequently among HIV-
positive adults compared to community-based new-
borns, whereas the individual e2 and e3 allelic
variants specifically were less frequent in this group.
We noted also the distribution of ApoE alleles com-
pared with other studies suggests higher frequencies
of the 2/3 and 2/4 combination, and a lower fre-
quency of the 3/3 combination (Eichner et al, 2002;
Sandholzer et al, 1995; Valcour et al, 2004). Some
have proposed that the e4 variant is associated with
increased rates of HIV acquisition (Kaslow et al,
2005). In the absence of ApoE genotype of the adult
HIV-negative controls, and survival data on our HIV-
positive group, we are unable to draw conclusions
regarding the role that ApoE allelic variants might
have on acquisition of HIV infection in our popula-
tion. Larger cross-sectional and seroconversion stud-
ies are needed to provide evidence for this link.

In this sample of young adults entering HIV care,
we report that there were no differences in allelic
distributions across HAND categories. However, we

Table 2 Allelic distributions for newborns and participants

Alleles

HIV-positive
participants

n (%)

Control
newborns
n (%)

Exact
(2-sided)

2,2 2 (1) 18 (6) .028
2,3 21 (15) 52 (17) .497
2,4 8 (6) 33 (11) .079
3,3 50 (35) 78 (26) .073
3,4 49 (34) 90 (30) .444
4,4 14 (10) 29 (10) .999
Total 144 300

Note. Table P value (exact) = .042.

Table 3 Allelic frequencies for control newborns and HIV-positive participants

300 newborns 144 HIV-positive adults

Alleles n Frequency (95% CI) n Frequency (95% CI) P value

e2 121 0.202 (0.170–0.236) 35 0.114 (0.081–0.155) .001
e3 298 0.497 (0.455–0.537) 180 0.588 (0.531–0.643) .01
e4 181 0.302 (0.265–0.340) 91 0.297 (0.247–0.352) .876
Total 600 288
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did find a significantly lower frequency of the
e4 allelic variant in individuals diagnosed with
HAD, compared with those without HAD. Our sam-
ple size was likely too small to detect differences in
genotype across the four groups. In our two-by-two
analysis, we found a significantly lower frequency of
e4 status among HIV-positive adults with HAD. This
finding is in contrast to that of Corder and colleagues
who found that in a sample of 44 HIV+ participants
followed prospectively from around the time of sero-
conversion, mild suspected dementia was nearly
twice as frequent in the e4-bearing individuals
(Corder et al, 2008). Our sample was too small to
separate e4 status in hetero- and homozygous groups,
although others have noted that a dose-dependent
relationship of e4 with the development of AD
(Burt et al, 2008; Mahley et al, 2009).

Our findings are consistent with the report of
Dunlop and the younger group in the Valcour study
(Dunlop et al, 1997; Valcour et al, 2004). Our finding
that the e4 allelic variant was negatively associated
with HAD could be explained by the relatively small
sample size, or it could suggest a nonassociation
between e4 status and the development of HAD.
Further conclusions regarding the effect of e4 on
survival require follow-up survival data. The nega-
tive impact of e4 has been proposed by the Valcour
group. A longitudinal study design would be needed
to provide data for this explanation.

Our study was limited by relatively small numbers
of participants and by the absence of other data on
vascular risk factors. Nonetheless, we believe that
our findings warrant scrutiny, given the burden of
disease of infection with clade C HIV and the

frequency of ApoE4. Many of these issues would be
clarified by larger prospective cohort studies where
recently diagnosed isiXhosa speakers are genotyped.
To our knowledge, this is the first study of ApoE
genotype in a well-characterized group of HIV plus;
individuals with predominantly clade C HIV about
to commence HAART. These findings are of rele-
vance given the high prevalence of HIV in Southern
Africa, the growing evidence that clade C HIV may be
as neurotoxic as other clades, and the changing
phenotype of HAND in the era of HAART.

Methods

Subjects
From a larger primary study, we invited 283 HIV-
infected individuals at three primary health care
centers in poor communities in Cape Town, South
Africa, to participate from February 2008 through
August 2009 (Joska et al, 2010). Of these, 144 atten-
ded two full study visits, during which detailed a
sociodemographic, medical, and neuropsychological
assessment were conducted, and laboratory measures
(including genotyping) were completed. Primary rea-
sons for this loss to follow-up included financial
constraints, casual employment on clinic days, migra-
tion between cities, and the need to attend other
clinic appointments. Individuals included in this
study ranged from 18 through 40 years in age. All
were naïve to highly active antiretroviral therapy
(HAART). Cases were excluded if they had a severe
psychiatric disorder, recent history of substance
(including recent alcohol) abuse, or other significant
neurological disorder. Control data for neuropsycho-
logical testing were obtained from 50 HIV-negative
participants. These were recruited from Voluntary
Counseling and Testing Services at the same primary
care clinics. Other than being HIV negative, as con-
firmed by a recent rapid HIV test and confirmatory
serological test, inclusion and exclusion criteria were
identical to HIV-positive participants.

Participant CD4 cell counts were obtained from the
clinic records. Although clade sequencing was not
available on this sample, previous reports have noted
that 89% of infected individuals in Cape Town area

Table 4 Allelic frequencies of HIV-positive participants across neurocognitive disorders

Neurocognitive disorder category

Genotype Nonimpaired (n = 29) ANI (n = 18) MND (n = 56) HAD (n = 41) Exact (2-sided)

22 1 (50%) 0 0 1 (50%) .47
23 2 (9.5%) 2 (9.5%) 8 (38.1%) 9 (42.9%) .381
24 2 (25%) 1 (12.5%) 3 (37.5%) 2 (25%) .999
33 7 (14%) 9 (18%) 21 (42%) 13 (26%) .31
34 12 (24.49%) 4 (8.2%) 19 (38.9%) 14 (28.6%) .627
44 5 (35.7%) 2 (14.3%) 5 (35.7%) 2 (14.3%) .351

Note. Exact P value for table = .66.

Table 5 Comparison between e4 status with HAD and non-HAD
clinical groups

HIV-positive (n = 102)

With e4
allele

Without
e4 allele Total

HAD 18 33 51
No neurocognitive disorder 29 22 51
Total 47 55 102

Note. Exact P value for table = .029 (i.e., 18/51 is significantly
lower than 29/51).
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are infected with clade C virus (Jacobs et al, 2009).
Furthermore, although hepatitis C status was not
tested, the prevalence of hepatitis C in South Africa
is extremely low (Fernhaber et al, 2008).

Background population prevalence of ApoE geno-
type was obtained from a sample of 300 infants born
to isiXhosa-speaking mothers in an area of Cape
Town where the majority of the clinical sample
above was drawn. The blood from these infants
was drawn from 2002 through 2004 and stored in
accordance with a previously approved Research
Ethics Committee submission, in order to allow
for analysis of background prevalence of genes
under study. The HIV serostatus of this group was
not known. It was assumed to reflect the back-
ground population prevalence in newborns at the
time. According to local surveys, the seroprevalence
amongst mothers in this community in 2006 was
15% (Department of Health, 2008). With untreated
mother-to-child transmission rates of 10% to 30%,
we estimated the seroprevalence in this infant sam-
ple to be between 1.5% and 5%. This rate was felt to
be unlikely to affect these data.

We obtained written informed consent from all
included participants, including separate consent for
genomic analysis. Approval to conduct the study was
obtained from the Research Ethics Committee of the
Faculty of Health Sciences, University of Cape Town,
and from the relevant health authorities.

Neuropsychological test battery
A neuropsychological testing battery assessed spe-
cific domains of attention, concentration, language,
learning, memory, psychomotor speed, and execu-
tive function. We translated the instructions and
content of all instruments into local languages—
isiXhosa and Afrikaans. The instructions were
back-translated for fidelity. The battery comprised
the following tests: Attention (the Mental Alternation
Test and the Mental Control Test), learning and
memory (the Hopkins Verbal Learning Test and
the Brief Visuospatial Memory Test), motor (Finger
Tapping and Grooved Pegboard—both dominant and
nondominant hands), psychomotor speed (Trail-
Making Part A, Color Trails 1, and Digit Symbol
coding), executive function (Colour Trails 2, the
Stroop Color Word Test, the Wisconsin Card-Sorting
Test, and the Rey Complex Figure), and language
(Category Fluency Animals and Category Fluency
Fruit and Vegetables).

Determination of neurocognitive disorder status
We used the above neuropsychological test battery,
together with scores from the medical assessment
and self-reported functional assessment, to classify
participants into one of four HAND categories,
based on the updated American Academy of
Neurology (ANN) criteria (Antinori et al, 2007):

no impairment, asymptomatic neuropsychological
impairment (ANI), mild neurocognitive disorder
(MND), and HIV-associated dementia (HIV-D).
Using the modified AAN classification, participants
who scored >2 SDs below the control-derived means
cut-offs on at least two domains of function were
rated as having HAD; those who scored between
1.0 and 2 SDs on two domains of function, or
>2 SDs and 1–2 SDs, were rated MND or ANI,
depending on their loss of function. The final clas-
sification was conducted by a consensus panel
comprising two HIV neuropsychiatrists (J.J., J.H.)
and a neurologist (M.C.).

Genotyping
DNA was isolated by standard procedures and the
method of Hixson and Vernier was used for Apoli-
poprotein E (ApoE) genotyping (Hixson and Vernier,
1990). We did not include genotyping data of the
HIV-negative control adults, as this was available on
only 10 participants.

Statistical analysis
Data were analyzed using STATA 10.0 (Stata
Corporation, College Station, Texas, USA). In order
to establish whether the allelic frequency was
randomly distributed in the sample of control
newborns and the HIV-positive participants, we
conducted an analysis of the Hardy-Weinberg equi-
librium (HWE). This principle asserts that mating is
random, there is no migration or inbreeding and no
selective survivorship (Mayo, 2008). Calculation of
the HWE allows the investigator to report with some
confidence that external factors have not altered the
gene frequency in the population to any significant
degree, and therefore that the observed frequency
is not an artifact of these external factors. The
allelic distributions between the newborn and HIV-
positive adult groups were compared using exact
statistics, whereas allelic frequencies were calcu-
lated to include 95% binomial confidence intervals
in addition to chi-square tests. Similarly, we com-
pared allelic distributions across HAND categories.
Finally, we compared HAD and non-HAD groups
with respect to the presence of the e4 allelic variant
using a table exact statistic.

Acknowledgements

The authors wish to acknowledge and note the work
of Alan J. Flisher (AJF) in this work. He passed away
in April 2010 after a short battle with leukaemia and
will be sorely missed.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible
for the content and writing of the paper.

ApoE4 genotype and HIV-associated dementia

JA Joska et al 381



References

An SF, Giometto B, Groves M, Miller RF, Beckett AA,
Gray F, Tavolato B, Scaravilli F (1997). Axonal damage
revealed by accumulation of beta-APP in HIV-positive
individuals without AIDS. J Neuropathol Exp Neurol
56: 1262–1268.

Antinori A, Arendt G, Becker JT, Brew BJ, Byrd DA,
Cherner M, Clifford DB, Cinque P, Epstein LG,
Goodkin K, Gisslen M, Grant I, Heaton RK, Joseph J,
Marder K, Marra CM, McArthur JC, Nunn M, Price RW,
Pulliam L, Robertson KR, Sacktor N, Valcour V,
Wojna VE (2007). Updated research nosology for
HIV-associated neurocognitive disorders. Neurology
69: 1789–1799.

Barger SW, Harmon AD (1997). Microglial activation by
Alzheimer amyloid precursor protein and modulation
by apolipoprotein E. Nature 388: 878–881.

Burt TD, Agan BK, Marconi VC, He W, Kulkarni H,
Mold JE, Cavrois M, Huang Y, Mahley RW, Dolan MJ,
McCune JM, Ahuja SK (2008). Apolipoprotein (apo)
E4 enhances HIV-1 cell entry in vitro, and the APOE
epsilon4/epsilon4 genotype accelerates HIV disease
progression. Proc Natl Acad Sci U S A 105: 8718–8723.

Colton CA, Needham LK, Brown C, Cook D, Rasheed K,
Burke JR, Strittmatter WJ, Schmechel DE, Vitek MP
(2004). APOE genotype-specific differences in human
and mouse macrophage nitric oxide production.
J Neuroimmunol 147: 62–67.

Corder EH, Paganelli R, Giunta S, Franceschi C (2008).
Differential course of HIV-1 infection and APOE poly-
morphism. Proc Natl Acad Sci U S A 105: E87.

Corder EH, Robertson K, Lannfelt L, Bogdanovic N,
Eggertsen G, Wilkins J, Hall C (1998). HIV-infected
subjects with the E4 allele for APOE have excess demen-
tia and peripheral neuropathy. Nat Med 4: 1182–1184.

Department of Health (2008). South Africa National HIV
and Syphilis Prevalence Survey. Pretoria, South Africa:
Department of Health.

Dunlop O, Goplen AK, Liestol K, Myrvang B, Rootwelt H,
Christophersen B, Kvittingen EA, Maehlen J (1997). HIV
dementia and apolipoprotein E. Acta Neurol Scand 95:
315–318.

Eichner JE, Dunn ST, Perveen G, Thompson DM,
Stewart KE, Stroehla BC (2002c). Apolipoprotein E
polymorphism and cardiovascular disease: a HuGE
review. Am J Epidemiol 155: 487–495.

Esiri MM, Biddolph SC, Morris CS (1998). Prevalence of
Alzheimer plaques in AIDS. J Neurol Neurosurg Psychi-
atry 65: 29–33.

Fernhaber C, Reyneke A, Schulze D, Malope B, Maskew M,
Macphail P, Sanne I, Di Biscleglie A (2008). The prev-
alence of hepatitis B co-infection in a South African
urban government HIV clinic. S Afr Med J 98:
541–544.

Frisoni GB, Geroldi C, Bianchetti A, Trabucchi M,
Govoni S, Franceschini G, Calabresi L (1994). Apolipo-
protein E epsilon 4 allele frequency in vascular demen-
tia and Alzheimer’s disease. Stroke 25: 1703–1704.

Gerdes LU (2003). The common polymorphism of apoli-
poprotein E: geographical aspects and new pathophys-
iological relations. Clin Chem Lab Med 41: 628–631.

Gupta JD, Satishchandra P, Gopukumar K, Wilkie F,
Waldrop-Valverde D, Ellis R, Ownby R, Subbakrishna
D. K, Desai A, Kamat A, Ravi V, Rao BS, Satish KS,
Kumar M (2007). Neuropsychological deficits in human
immunodeficiency virus type 1 clade C-seropositive
adults from South India. J. NeuroVirol 13: 195–202.

Hixson JE. Vernier, DT (1990). Restriction isotyping of
human apolipoprotein E by gene amplification and
cleavage with HhaI. J Lipid Res 31: 545–548.

Jacobs GB, Loxton AG, Laten A, Robson B, van Rensburg
EJ, Engelbrecht S (2009). Emergence and diversity of
different HIV-1 subtypes in South Africa, 2000–2001.
J Med Virol 81: 1852–1859.

Joska JA, Fincham DS, Stein DJ, Paul RH, Seedat S (2009).
Clinical correlates of HIV-associated neurocogni-
tive disorders in South Africa. AIDS Behav 14(2):
371–378.

Joska JA, Westgarth-Taylor J, Myer L, Hoare J, Thomas KG,
Combrinck M, Paul RH, Stein DJ, Flisher AJ (2010).
Characterization of HIV-associated neurocognitive
disorders among individuals starting antiretroviral
therapy in South Africa. AIDS Behav [Epub ahead of
print]

Kamboh MI, Sepehrnia B, Ferrell RE (1989). Genetic studies
of human apolipoproteins. VI. Common polymorphism
of apolipoprotein E in blacks. Dis Markers 7: 49–55.

Kaslow RA, Dorak T, Tang JJ (2005). Influence of host
genetic variation on susceptibility to HIV type 1 infec-
tion. J Infect Dis 191(Suppl 1): S68–S77.

Laws SM, Hone E, Gandy S, Martins RN (2003). Expanding
the association between the APOE gene and the risk of
Alzheimer’s disease: possible roles for APOE promoter
polymorphisms and alterations in APOE transcription.
J Neurochem 84: 1215–1236.

Mahley RW, Weisgraber KH, Huang Y (2009). Apolipopro-
tein E: structure determines function, from atheroscle-
rosis to Alzheimer’s disease to AIDS. J Lipid Res
50(Suppl): S183–S188.

Mayo O (2008). A century of Hardy-Weinberg equilibrium.
Twin Res Hum Genet 11: 249–256.

Mishra M, Vetrivel S, Siddappa N. B, Ranga U, Seth P
(2008). Clade-specific differences in neurotoxicity of
human immunodeficiency virus-1 B and C Tat of human
neurons: significance of dicysteine C30C31 motif. Ann
Neurol 63: 366–376.

Pemberton LA, Stone E, Price P, van BF, Brew BJ (2008).
The relationship between ApoE, TNFA, IL1a, IL1b and
IL12b genes and HIV-1-associated dementia. HIV Med 9:
677–680.

Polvikoski T, Sulkava R, Haltia M, Kainulainen K,
Vuorio A, Verkkoniemi A, Niinisto L, Halonen P,
Kontula K (1995). Apolipoprotein E, dementia, and
cortical deposition of beta-amyloid protein. N Engl J
Med 333: 1242–1247.

Samatovicz RA (2000). Genetics and brain injury: apolipo-
protein E. J Head Trauma Rehabil 15: 869–874.

ApoE4 genotype and HIV-associated dementia

382 JA Joska et al



Sandholzer C, Delport R, Vermaak H, Utermann G (1995).
High frequency of the apo epsilon 4 allele in Khoi San
from South Africa. Hum Genet 95: 46–48.

Valcour V, Shikuma C, Shiramizu B, Watters M, Poff P,
Selnes OA, Grove J, Liu Y, bdul-Majid KB, Gartner S,
Sacktor N (2004). Age, apolipoprotein E4, and the risk of

HIV dementia: the Hawaii Aging with HIV Cohort.
J Neuroimmunol 157: 197–202.

Valcour V, Shiramizu B, Shikuma C (2008). Frequency of
apolipoprotein E4 among older compared with younger
HIV patients: support for detrimental effect of E4 on
survival. Proc Natl Acad Sci U S A 105: E66–E68.

This paper was first published online on Early Online on 8 September 2010.

ApoE4 genotype and HIV-associated dementia

JA Joska et al 383



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


