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Abstract Highly active antiretroviral therapy is allowing
increasing numbers of adults to age with HIV. The
neuropsychological effects of aging with HIV are reviewed
through three types of studies. First, the separate effects of
HIV and aging on cognition are examined in studies that
compare younger adults with HIV with neurologically
normal older adults. Second, studies examine the impact
of aging within samples of adults with HIV only. Third,
providing the most critical evidence, are studies that assess
cognition in younger and older adults with HIV relative to
younger and older adults without HIV. In general research
findings are inconclusive. Large individual differences
among older adults with HIV as well as co-factors (APOE4
and detectable viral load) may account for inconsistent
findings in the literature. A subgroup of older adults with
HIV may be at greater risk for cognitive impairment,
especially in attention functioning.
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Since the first report of what was eventually determined to
be the Human Immunodeficiency Virus (HIV) (Gottlieb et

al. 1981), the vast majority of cases in the HIV epidemic
have been younger adults. However, with the advent of
highly active antiretroviral therapy (HAART) in 1996 or
1997, the demographics of HIV-infection have been
changing. HIV-positive adults are now living longer. In
addition, while the number of HIV cases in general has
leveled off, the proportion of HIV diagnoses in adults
50 years or older is steadily increasing (Centers for Disease
Control and Prevention 2007) (see Fig. 1). Although a
longer lifespan is a welcome outcome, the combination of
aging with HIV may place some older adults at increased
risk for cognitive impairment.

To date, no comprehensive review of the neuropsycho-
logical literature on HIV and aging has been conducted. The
neuropsychology of HIV has been described for younger
and middle-aged adults (for reviews see Grant and Martin
1994; Hinkin et al. 1998; McArthur and Grant 1998).
Accordingly, HIV is associated with a variety of cognitive
symptoms including problems in attention, concentration,
learning, memory, psychomotor ability, and speed of
processing. Clinical syndromes include Minor Cognitive
Motor Disorder (MCMD) which is characterized as psycho-
motor slowing and tremor, and HIV-associated Dementia
(HAD) if symptoms are severe enough and interfere with
aspects of daily living. Likewise, a large body of literature
shows that normal aging is associated with a variety of
cognitive changes in similar cognitive domains (Craik and
Salthouse 1992, 2000; Woodruff-Pak 1997), thus the
potential greater risk in older adults with HIV.

Several studies have examined the possible mechanisms
or causal factors that could mediate such exacerbated
cognitive decline in older HIV-positive adults (Brew
2004; Ernst and Chang 2004; Hinkin et al. 2001; Stoff
2004; Stoff et al. 2004; Valcour, Shikuma, Watters et al.
2004; Vance 2004; Vance and Robinson 2004). One
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possibility is increased risk for cardiovascular and cerebro-
vascular co-pathology that frequently accompany aging and
HIV (Connor et al. 2000). This risk may be especially
important if HAART includes a protease inhibitor which is
known to increase cholesterol and compromise cardiovas-
cular and cerebrovascular health. Immunological changes
may be another possible factor, such as a reduction in CD4
lymphocyte cell count as well as proliferation and increase
in macrophage activation. Exacerbated inflammatory glial
activation has been shown in older HIV-positive adults
beyond that of normal aging or in younger HIV-positive
adults, particularly in frontal white matter (Ernst and Chang
2004). Expression of apolipoprotein E4 (APOE4) is another
potential risk factor, considering its relationship with the
occurrence of both Alzheimer’s dementia (an age-related
dementia) and HAD (Valcour et al. 2006). It is unclear if
there is a primary causal mechanism for exacerbated
cognitive deficiencies in older HIV-positive adults. The list
of potential factors presented here is not exhaustive (for
example, other factors include exacerbated testosterone
deficiency, the advent of hepatitis C, etc.) but serves to
show that there may be several interactive causative
pathways by which older HIV-positive adults may be at
risk for cognitive impairment.

The purpose of the present review is to examine the
neuropsychological research on HIV and aging focusing
closely on neurocognitive test performance. Three basic
types of studies are examined. First, there are comparisons
in test performance between younger HIV-positive adults
and older clinically normal adults without HIV. These
studies examine the similarity in cognition between these
two groups, likening the impact of HIV to that of normal
aging effects on cognition. Second, there are studies that
examine age effects on cognition within groups of HIV-
positive adults. Third, there are the more direct tests of the
interaction between HIV and aging on cognition, where

younger and older HIV-positive adults with corresponding
HIV-negative control groups are compared. As a rule, the
last group of studies provides the strongest evidence on the
theoretical issue of whether HIV and aging interact resulting
in exacerbated cognitive impairment. In addition, an
important issue is that of within-group variability or
individual differences. Because large amounts of individual
differences in cognition are apparent both in HIV and in
aging, the methodological distinction between group
analyses versus the analysis of individuals is meaningful.
Implications for research, prevention, and intervention in
older adults with HIV are provided.

Comparing Younger HIV-positive Adults with Older
HIV-negative Adults

There is a relatively long history of proposals characterizing
the process of normal aging as alterations in a subcortical-
frontal system (Bashore 1993, Hicks and Birren 1970; van
Gorp and Mahler 1990), similar to that seen in HIV
encephalopathy. Therefore, it is not surprising that early
studies found a parallel pattern of cognitive impairment
between HIV and aging. For instance, van Gorp et al.
(1989) found a marked similarity in neuropsychological test
performance between a sample of 14 younger HIV-positive
men diagnosed with the Acquired Immune Deficiency
Syndrome (AIDS) (mean age=37.5, SD=5.9) and 14
clinically older HIV-negative men (mean age=70.1, SD=
6.0). No significant difference was found between the
younger group with AIDS and the older control group on
all 16 measures across five neuropsychological domains
(attention and concentration, memory, visuospatial func-
tion, motor speed and cognitive flexibility, and language).
Although care must be taken when drawing conclusions
based on null results, the lack of a group difference on all
test scores suggests a similar cognitive status. In an
extension of this study, Hinkin et al. (1990) included 14
clinically normal younger males (mean age=35.9, SD=6.3)
as an additional control group. Despite the large group
difference in age, the pattern of performance on six
neuropsychological tests was very similar between the
younger AIDS group and the neurologically normal older
group (see Fig. 2). As can be seen in this figure, the Trail
Making Test Part B (a test of processing speed and
attention) showed the largest deficit in the AIDS group
and in the older adults. Lending quantitative and statistical
support to the finding of a similar pattern of performance, a
discriminant function analysis classified all 14 of the older
adults into the same group as the HIV-positive patients in
comparison to the younger control group. With no older
HIV-positive group, the potential interactive effects of
aging with HIV were not directly examined here. However,
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the results from these studies do suggest that because of the
similarity in cognitive sequelae (in severity and pattern)
between adults with HIV and normal older adults, HIV
infection in older adults will result in a compounding or
exacerbation of cognitive symptoms.

The Effects of Aging in Adults with HIV

Several studies have examined the role of aging on
cognition within groups of adults with HIV. In a clinical
sample of 257 HIV-positive men, the older adults (mean
age=44.5, SD=6.8) performed worse than the younger
adults (mean age=31.5, SD=3.5) on nine of nine neuropsy-
chological test measures (Trail Making Test Parts A and B,
three conditions on the Stroop test, Grooved Pegboard
dominant hand, Symbol Digit Modalities Test, and two word
fluency tests—the Controlled Oral Word Association Test,
and an animal naming test) (Hardy, Hinkin et al. 1999).
Furthermore, age-group differences were larger in the adults
with AIDS versus the HIV-positive adults without AIDS on
select test measures. This interaction between age and HIV
severity was significant on the Trail Making Test Part B (p
=.013), Grooved Pegboard dominant hand (p=.019), and a
trend with the Symbol Digit Modalities Test (p=.066). It is
not surprising that these were the tests that showed an
interaction. Both HIV and aging are separately associated
with a slowing in speed of processing (cognitive and motor
performance). In addition, attention functioning (such as
required on the Trail Making Test Part B) represents one of
the more vulnerable cognitive domains in HIV and in aging.
Although CD4 lymphocyte cell count in general was worse
(lower) in the AIDS groups (both younger and older), CD4
lymphocyte cell count in the older adults with AIDS was no
worse than in the younger group with AIDS. This suggests

that the significantly worse test performance in the older
AIDS group was due not to a more advanced clinical state
per se but perhaps due to the concomitant effects of aging.

In a relatively large community sample of asymptomatic
and symptomatic HIV-positive adults (N=199), Becker et
al. (1997) found that age was negatively associated with a
“speed” factor that in turn was negatively associated with
four neuropsychological outcome variables (memory, front-
al functioning, spatial ability, and fluency). This finding is
noteworthy considering that the mean age of the sample
was 38 years old with a standard deviation of 8.2 years.
Thus, even a modest age difference within adults with HIV
is associated with a decline in cognition that is mediated by
a decline in speed of processing, a phenomenon that has
also been found in much older normal adults (e.g.,
Salthouse 1994). In another study, the impact of age on
divided attention or multi-task performance was examined
in HIV (Hardy et al. 2004). In this experimental study, 32
HIV-positive adults (mean age=42.5, SD=9.9) between 25
and 70 years old performed on the MAT (Multi-Attribute
Task) Battery, a fairly complex multi-task computer
scenario developed by NASA researchers (Comstock and
Arnegard 1992). In the MAT Battery, a tracking task was
performed alone, concomitantly with one other task (a system
monitoring task), and with two other tasks (a system
monitoring task and a fuel management task). Increasing age
was associated with worse tracking performance, and this
relationship became progressively stronger (steeper slope
values) from the single task (b=0.45, p=.08), dual-task (b=
0.85, p=.01), and three-task condition (b=1.28, p=.01). In
other words, among this sample of HIV-positive adults, the
older adults had the most difficulty in the tracking task,
which required constant visual monitoring and motor-hand
adjustments via a joystick (somewhat analogous to the
demands of driving), and this difficulty was most apparent
when having to attend to multiple tasks at the same time.

These three studies (Becker et al. 1997; Hardy, Hinkin et
al. 1999; Hardy et al. 2004) indicate that older HIV-positive
adults have deficits in specific cognitive abilities, particu-
larly in various aspects of attention and cognitive and
psychomotor speed. Compatible with these findings but at a
more global level of cognitive functioning, in a preliminary
report, Valcour, Shikuma, Watters et al. (2004) found that in
a sample of 47 older HIV-positive adults (over 50 years of
age) and 32 younger HIV-positive adults (between 20 and
40 years old), although 88% of the younger group were
rated as normal or having equivocal neuropsychological
status, only 58% of the older group were similarly
categorized. In addition, unlike the younger group, a
substantial proportion of the older HIV-positive adults had
more severe Memorial Sloan Kettering ratings indicating
dementia. In a subsequent report, Valcour et al. (2006)
reported that after controlling for factors such as education,
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race, depression, substance abuse, viral load, CD4 lympho-
cyte cell count, and antiretroviral medication status, the
odds of having dementia (HAD) in the older adults was
3.26 times that of the younger adults. The proportion of
adults with a diagnosis of HAD was 13.7% in the younger
group and 25.2% in the older group.

By contrast, in an analysis of 50 HIV-positive adults
(mean age=44.5, SD=5.7), Vance, Woodley, and Burrage
(2007) found no significant correlations between age and
performance on four neuropsychological tests (Rey-
Osterrieth, Trail Making Test, WAIS Digit Symbol Substi-
tution, and WAIS pattern comparison). Likewise, Cherner
et al. (2004) examined a sample of 67 older HIV-positive
adults (50 years or older, mean age=53.3, SD=3.7) and 52
younger HIV-positive adults (35 years or younger, mean
age=31.8, SD=3.2). Although the prevalence of global
impairment was 10% higher in the older group (64%)
compared to the younger group (54%) with similar but
smaller age-group differences on several specific cognitive
domains, none of these differences were statistically
significant. This null finding may be explained by there
being significantly fewer younger adults on HAART than
the older adults. Not being on HAART may have increased
the level of HIV RNA in the cerebrospinal fluid (CSF),
which may have made them more vulnerable to HIV-related
cognitive impairments. In fact, of those with detectable
CSF HIV RNA, 81% of the older group and 54% of the
younger group were cognitively impaired; however, of
those with undetectable CSF HIV RNA, 42% of the older
group and 57% of the younger group were cognitively
impaired. Logistic regressions predicting cognitive impair-
ment showed an interaction between age group and CSF
viral load on the cognitive domains of abstraction,
attention/working memory, learning, and motor ability.
Thus, with detectable levels of CSF HIV RNA, older
adults may be more vulnerable than younger adults to the
impact of HIV on cognitive functioning.

The findings of Cherner et al. (2004) highlight the
importance of corollary factors that could significantly
influence age group comparisons in HIV. Valcour,
Shikuma, Shiramizu et al. (2004) examined another
potentially influencing factor, APOE4. In a sample of 85
younger HIV-positive adults (between 20 and 39 years
old, mean age=35.0, SD=5.0) and 97 older HIV-positive
adults (50 years or older, mean age=55.6, SD=5.2), after
controlling for age and diabetes status, having at least one
E4 allele was associated with a 2.9 times greater chance of
developing HAD in the older group but not in the younger
group (OR=.33). This result mimics the pattern of the
Cherner et al. (2004) results, where older adults with HIV
appear to be more vulnerable than their younger counter-
parts to these corollary factors, resulting in greater
cognitive deficits.

The Interaction Between HIV and Aging

To test directly whether HIV infection and aging have an
interactive impact on cognition requires the examination of
younger and older HIV-positive adults as well as younger
and older HIV-negative adults. In one of the earliest studies,
Arendt et al. (1993) examined auditory event-related brain
potentials (ERPs) in 100 HIV-positive adults across a
variety of clinical stages (mean age=35 years, SD=10.9)
and in 43 HIV-negative adults (mean age=36 years, SD=
10.4). ERPs were recorded during performance of a typical
auditory “oddball” task. The main finding was that
amplitude of P300, an ERP component that has been linked
to cognition (see Rugg and Coles 1995), declined twice as
fast as a function of age in the HIV group relative to
controls. There is a large literature showing the sensitivity
of ERP measures to aging (e.g., Czigler et al. 1997; El
Yagoubi et al. 2005; Pfefferbaum et al. 1984; Picton et al.
1984; West and Schwarb 2006). ERPs have also been
shown to be sensitive to HIV infection (Grotemeyer et al.
1991; Linnville et al. 1996; Polich et al. 2000; Takakuwa et
al. 1993; Tartar et al. 2004). In the study by Arendt et al.
(1993), there were no age-related effects on psychometric
test performance. This finding suggests that cognition-
related ERPs such as the P300, which did show an
interaction between HIV status and age, may be a
particularly sensitive marker to the interactive effects of
HIV and aging on nervous system functioning.

Other studies have found minimal or no evidence for the
interaction of HIV and aging on cognition. For instance, in
a large sample from the Multicenter AIDS Cohort Study
(MACS) with 1,066 HIV-positive adults (mean age=35.8,
SD=6.5) and 1,004 HIV-negative adults (mean age=37.3,
SD=7.5), van Gorp et al. (1994) found little evidence of an
interaction between HIV status and age when comparing
slopes of performance scores on a variety of standard
neuropsychological tests and computerized reaction time
tests regressed on age. Of 21 measures, only a single trend
emerged, performance in executive function or attention, on
the Trail Making Test Part B, became comparatively worse
in the HIV-positive group (relative to the HIV-negative
group) with advancing age (p=.056). In a second set of
analyses using a similar test battery on a clinical sample of
76 HIV-positive adults (mean age=47.2, SD=13.0) and 47
HIV-negative adults (mean age=49.3, SD=13.8), only a
single significant slope interaction between HIV and age
emerged, and that was on the Grooved Pegboard nondom-
inant hand (p=.015). A similar set of regression analyses
was conducted in a study by Hardy, Satz et al. (1999),
with no evidence of any interaction between HIV and aging
on cognition. With clinical samples of 104 HIV-positive
adults without AIDS (mean age=39.7, SD=7.6), 53 adults
with AIDS (mean age=43.1, SD=10.1), and 100 HIV-
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negative adults (mean age=44.7, SD=6.5), no group
differences on slopes were found when regressing perfor-
mance scores from a variety of standard neuropsychological
tests on participant age.

The results from the van Gorp et al. (1994) and Hardy,
Satz et al. (1999) studies are somewhat surprising consid-
ering that most of these HIV-positive adults did not yet
have access to HAART. It is possible that the greater
medical symptoms in these pre-HAART individuals may
have obscured any age-serostatus interactions. In addition,
although the average age in the van Gorp et al. (1994) study
was comparable to the Arendt et al. (1993) study, only five
HIV-positive individuals (out of a sample of 1,066) in the
former study were 55 years of age or older. Older HIV-
positive adults were infrequent in these early studies.
Clinical or medical status could also be an issue. The
majority of HIV-positive adults in the initial van Gorp
analyses were asymptomatic. However, an analysis on a
sub-sample of all symptomatic HIV-positive participants
(n=185) also revealed no evidence of an age interaction
with HIV status on test performance slopes.

More recently, Wilkie et al. (2003) also found no evidence
of exacerbated cognitive deficits in older adults with HIV.
Rather than comparing age by serostatus regression slopes,
they compared test performance across four domains
(attention, verbal learning and memory, speed of processing,
and motor processes) among 54 younger HIV-positive adults
(mean age=33.0, SD=5.5), 32 older HIV-positive adults age
50 or older (mean age=56.6, SD=5.0), 27 younger HIV-
negative adults (mean age=33.0, SD=5.9), and 36 older
HIV-negative adults (mean age=56.4, SD=6.2). Several
cognitive measures showed no significant age by serostatus
interaction, or surprisingly, showed that the younger HIV-
positive group performed worse than the older HIV-positive
group. For instance, on a simple visual reaction time test,
although the younger HIV-positive group (377 ms) was
slower than the younger HIV-negative group (298 ms), as
could be expected, they were also slower than the older HIV-
positive group (298 ms). When looking at individual’s
performance on the California Verbal Learning Test (CVLT),
there was a greater number of severely impaired adults on
learning and delayed recall in the younger HIV-positive
group (51.8% and 53.6%, respectively) compared to the
older HIV-positive group (33.3% and 41.7%, respectively).
There were similar findings on other measures as well.
Unfortunately, there were considerable demographic differ-
ences among the participant samples. Compared to the other
groups, the younger HIV-positive group was significantly
less educated (mean=11.7 years), they had a greater level of
depression (via the Beck Depression Inventory), and a higher
plasma viral load level. In addition, compared to the older
HIV-positive group, the younger HIV-positive group included
fewer European Americans (46.9% and 14.8%, respectively)

and fewer males (81.3% and 44.4%, respectively). Despite
including covariates in their analyses (e.g., education, gender,
ethnicity, etc.), because of the considerable differences among
groups, interpretation of the Wilkie et al. results remain
difficult.

Becker et al. (2004) also found mixed results. They
examined test performance across eight neuropsychological
domains (verbal, attention, speed, verbal memory, non-verbal
memory, visuospatial, fluency, and executive) in a
community-based sample of 290 HIV-positive adults (mean
age=38.3, SD=8.2) and 124 HIV-negative adults (mean
age=34.3, SD=8.2). Although HIV serostatus groups dif-
fered on several domains, no serostatus by age group
interactions emerged. Incidence of dementia was also
examined in younger and older HIV-positive and control
groups. At the baseline assessment, the proportion of HIV-
positive adults under 50 years old categorized with dementia
was 9% and with mild cognitive impairment was 22%; for
individuals 50 years and older, 22% were categorized with
dementia and 14% with mild cognitive impairment. Thus, in
contrast to analyses on group scores (where no apparent age
effect was evident), their examination of individuals showed
that a larger subgroup of older HIV-positive adults were
susceptible to dementia. FewHIV-negative adults in either age
group showed signs of cognitive impairment. Using dementia
as the outcome when examining the interaction between HIV
and age may be of limited use considering the very low base
rate of severe impairment in HIV-negative adults.

A more successful or complementary approach may be
the examination of individual’s outcomes on individual
domains or tests (in contrast to or in addition to an
aggregation of test scores indicating dementia). For
example, in a second set of analyses in the Hardy, Satz et
al. (1999) study, outliers per test (any score beyond two SD
from the respective HIV-negative group mean–indicating
poor performance) were assessed in the HIV-negative and
HIV-positive groups across three age groups (30 to 39, 40
to 49, and 50+ years). Results are presented in Table 1. As
can be seen, in general there are more outlier scores in the
HIV-positive groups versus the HIV-negative groups, with
the highest proportion of outliers usually in the adults with
AIDS who are 50 years or older. Note that the largest
proportion of older AIDS outliers was on the Trail Making
Test Part B, a finding that is compatible with previous
studies cited in this review showing the sensitivity of this
test to the combined effects of HIV and aging on attention
and speed of processing.

Conclusion

The variety of methods and approaches evident in the
research on HIV and aging precludes a meta-analysis of the
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literature at this point. Nonetheless, results from this
qualitative review indicate that the effects of HIV and aging
on cognition are not uniform. This finding is not surprising
considering that there are known large individual differences
in the cognitive status of HIV-positive adults (Hardy, Hinkin
et al. 1999) as well as in older adults (Nelson and Dannefer
1992; Schaie 1996). Therefore, large individual differences
would be expected in older HIV-positive adults. This
expectation was directly examined and found in the study
by Hardy, Hinkin et al. (1999). Comparing within-group test
score standard deviations across nine tests, standard devia-
tions were on average 84% larger in the older adults with
AIDS compared to the younger AIDS patients. The difference
was not so extreme in the younger and older HIV-positive
groups without AIDS. Thus, disease severity in HIV
combined with aging appears to be associated with increased
heterogeneity in cognitive status. Two studies in the present
review (Cherner et al. 2004; Valcour, Shikuma, Shiramizu et
al. 2004) underscore the importance of co-factors (such as
the presence of APOE4, or a detectable viral load) that affect
cognitive functioning in HIV and aging, and can at least
partly explain the mixed results in the literature.

There are other factors that could be causing large
individual differences among older HIV-positive adults. For
instance, some older adults with HIV may continue to
work. The intellectual challenge of being employed, using
existing skill sets, developing new skills sets, and socially
interacting with colleagues and clients obviously encour-
ages positive neuroplasticity, allowing the brain to maintain
optimal cognitive ability (Mahncke et al. 2006; Vance and
Burrage 2006). Likewise, with low levels of intellectual
challenge that can occur with disability and lack of
employment opportunities, negative neuroplasticity can
occur resulting in less optimal cognitive ability.

Also relevant in the neurocognitive examination of older
HIV-positive adults are potential age-related differences in

alcohol and substance abuse and dependence. Alcohol
abuse and dependence has been shown to be highly
prevalent in HIV-positive adults (Conigliaro et al. 2006;
Cook et al. 2001; Galvan et al. 2002). Alcoholism itself is
associated with impaired motor function, working memory,
sustained attention, and visuospatial skills (Fama et al 2004;
Gordon et al. 1988). Looking at the comorbidity of alcohol
abuse and infection with HIV, Sassoon et al. (2007) found
worse visuospatial and speeded motor performance (as
measured with the Digit Symbol test) in alcoholic HIV-
positive adults compared to adults with either diagnosis
alone. Similar findings were reported by Fama et al. (2007)
with a composite measure of speeded fine finger move-
ments, disease comorbidity showed compounded deficits.
On the other hand, results are mixed whether comorbid
substance abuse exacerbates cognitive deficits in HIV-
positive adults. For example, Grassi et al. (1995) reported
increased cognitive decline in HIV-positive substance
abusers, but others have not (Concha et al. 1992; Stern
1994). With alcohol abuse, because each condition (HIV
infection and alcoholism) is known to affect brain function,
metabolism, and structure, a recent magnetic resonance
spectroscopy study found significant deficits or decreases in
two metabolites (N-acetylaspartate and creatine) in the
superior parietal-occipital cortex in HIV-positive adults
with alcoholism compared to either diagnosis alone
(Pfefferbaum et al. 2005). The relevant question here is
whether older HIV-positive adults are more likely to be
abusers. In a large sample of 1,803 adults (1,047 who were
HIV-positive), although rates of alcohol abuse and sub-
stance abuse were generally higher in the HIV-positive
adults, abuse appears to be most prevalent in younger ages
(younger than 60 years old) in both HIV-negative and HIV-
positive groups (Justice et al. 2004). In the Valcour et al.
(2006) study, there was no difference in rate of substance
dependence between 95 younger HIV-positive adults and

Test Measure HIV- HIV+ No AIDS AIDS

30s 40s 50+ 30s 40s 50+ 30s 40s 50+

Stroop word reading 0.0 6.3 4.8 0.0 0.0 7.7 0.0 0.0 0.0

Stroop color naming 0.0 3.1 14.3 6.6 3.3 23.1 15.4 11.1 27.8

Stroop interference 0.0 3.1 9.5 9.8 13.3 46.2 23.1 22.2 38.9

Trail making test A 0.0 7.8 4.8 4.9 6.7 30.8 3.8 11.1 27.8

Trail making test B 0.0 3.1 9.5 18.0 20.0 23.1 26.9 22.2 61.1

Pegboard DH 6.7 9.4 0.0 3.3 0.0 15.4 19.2 11.1 27.8

Pegboard NH 0.0 4.7 4.8 3.3 3.4 15.4 11.5 22.2 44.4

Symbol digit 0.0 1.6 1.6 6.6 10.3 7.7 11.5 11.1 44.4

RAVLT recog 0.0 3.1 4.8 1.6 6.7 15.4 11.5 0.0 38.9

RAVLT recall 0.0 0.0 4.8 1.6 3.3 15.4 15.4 0.0 27.8

RAVLT delay 0.0 0.0 4.8 1.6 10.0 15.4 15.4 11.1 38.9

Table 1 Percentage of outliers
across three age groups

RAVLT=Rey Auditory Verbal
Learning Test
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103 older HIV-positive adults 50 years or older. On the
other hand, in the Cherner et al. (2004) study, older HIV-
positive adults (n=67) tended to report higher rates of
substance abuse disorders than younger HIV-positive adults
(n=52) across a variety of drugs, although it is not clear
which, if any, group differences are statistically significant.
It is not clear from these studies whether alcohol or
substance abuse is more prevalent in older HIV-positive
adults. It is interesting to note that in the Valcour et al.
(2006) study, even after statistically controlling for sub-
stance dependence, the odds of having HAD in the older
group was still 3.26 times that of the younger group.

The present review also indicates that exacerbated
cognitive deficits will be present at least in a subset of the
population of older HIV-positive adults. This finding has
real world consequences for these individuals. For example,
Hinkin et al. (2003) found in a sample of 148 HIV-positive
adults between the ages of 25 and 69 years that adherence
to protease inhibitors was better in older adults (87.5%)
compared to younger adults (78.3%). In fact, HIV-positive
adults age 50 years or older were three times more likely to
achieve a 95% adherence rate compared to the younger
group. However, of those older adults with impairments in
executive ability or memory, 74% and 67% were classified
as poor adherers respectively. In a follow-up study (Barclay
et al. 2007), they found neurocognitive status to be
associated with poor adherence, but only in the older
adults, not in the younger poor adherers. Thus, there is a
subgroup of older HIV-positive adults who may be at
increased risk for cognitive impairment resulting in reduced
medication adherence. With an adherence rate of 95%
needed for optimal viral suppression, such cognitive
declines can negatively impact health outcomes.

Converging evidence also suggests that problems with
processes of attention may be an early marker of cognitive
decline (neurological impairment) in older HIV-positive
adults. This is not entirely unexpected. Attention deficits
have been reported as the most frequent impairment in HIV
(Heaton et al. 1995). In addition, there is a large literature
showing a variety of alterations in attention in older adults
(Hartley 1992). In fact, attention has been proposed as the
first cognitive indicator of cortical dysfunction in
Alzheimer’s dementia (Parasuraman and Haxby 1993), an
age-related dementia. Neurophysiological evidence also
supports the proposal of attention processes being particu-
larly susceptible to the combined effects of aging and HIV.
For instance, in the Ernst and Chang (2004) study, normal
aging effects on frontal white matter (via measures of
choline compounds and myoinositol) were five times larger
in HIV-positive adults. Frontal regions in general are
associated with processes of executive control and attention
(Beer et al. 2004), and declines in both have been shown in
normal aging (Raz and Rodrigue 2006). Impairment of

specific aspects of attention (and working memory) has also
been linked to the presence of APOE4 in healthy older
adults, impairments similar to that seen in Alzheimer’s
dementia (Parasuraman et al. 2002). As discussed earlier in
this review, results from Valcour, Shikuma, Shiramizu et al.
(2004) indicate that the presence of at least one E4 allele is
associated with a greater chance of developing HAD in
older but not younger HIV-positive adults. Similarly,
Cherner et al. (2004) found that older HIV-positive adults
who had a detectable viral load were more likely to be
impaired than younger HIV-positive adults who had a
detectable viral load on tests of attention and working
memory. Perhaps attention (and closely related cognitive
domains) is a particularly sensitive aspect of cognition to
the presence of APOE4 and to a detectable viral load in
older HIV-positive adults. This remains to be tested.

The proposal that attention may be the focus of early
cognitive decline in older HIV-positive adults is also
compatible with more general findings. For instance, in a
comparison of education and age effects on neuropsycho-
logical test performance, Heaton, Grant, and Matthews
(1986) found that age accounted for more variance in tests
that required speed of processing and attention (including
the Trails Making Test Part B), while education accounted
for more variance in tests tapping into verbal skills and
knowledge. Related to this issue of impaired attention
deficits in older HIV-positive adults is the operation of
complex attention-demanding systems such as driving a car.
For instance, it has been shown in HIV-positive adults that
impairment in attention, executive functioning, speed of
information processing, and motor abilities is associated
with decreased driving ability (Marcotte et al. 1999;
Marcotte et al. 2006; Marcotte et al. 2004). Although no
data on driving ability exists to date specifically in older
HIV-positive adults, the preliminary results from the Hardy
et al. (2004) study cited in this review suggest that these
older adults may be at risk for impairment in demanding
complex scenarios such as driving a car, flying aircraft, and
so on.

In conclusion, in the United States, the number of adults
50 years old or over with HIV/AIDS has risen from 65,655
cases in 2001 to 104,260 cases in 2004, an increase of 59%
(Centers for Disease Control and Prevention 2007). As the
population ages and HAART extends the life span of those
already infected, addressing the neuropsychological needs
of older HIV-positive adults will grow. Although it does
appear that cognitive impairment may be an issue that a
subpopulation of older HIV-positive adults will confront,
this appears to be a complex issue. In fact, individual
differences must be considered when accounting for such
cognitive impairments. The differences may be accounted
for by such factors as APOE4, viral load, and CD4
lymphocyte cell counts. With regard to neuropsychological
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assessment, although a dementia categorization might be
more clinically relevant than analyzing separate test score
outliers, analysis of individual tests scores may be a useful
adjunct in research on HIV and aging. This may especially
be the case in the discovery of an early behavioral marker
of cognitive decline (such as in attention processing) before
the onset of clinically detectable dementia.
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