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The authors investigated the combined age and
HIV effects on cognitive functions in 146 indi-
viduals, 116 of whom had HIV infection. Forty-
two percent had HIV-associated neurocognitive
disorder, and all were receiving highly active
antiretroviral therapy. Using linear and nonlin-
ear regression modeling, the authors found only a
trending effect of the quadratic term HIV sta-
tus � age, both including dementia cases
(p�0.12) and excluding dementia cases
(p�0.06). Our results suggest that either this
early-2000 cohort is not old enough to detect a
clear interactive age and HIV effect or that there
may be a survivor bias for individuals with long-
term infection. Further longitudinal studies are
warranted.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2011; 23:83–89)

The prevalence of HIV-associated neurocognitive
disorders (HAND) has not changed despite the in-

troduction of highly active antiretroviral therapy
(HAART), in sharp contrast to other AIDS-defining ill-
nesses.1–4

There has been increasing interest in the effect of age
as a contributing factor to the persistence of HIV-asso-
ciated neurocognitive disorder in the HAART era.5,6

Several studies have shown increased cognitive impair-
ment in older HIV-positive (HIV�) individuals receiv-
ing HAART compared to younger HIV� individuals
receiving HAART.7–10

However, one important limitation in the studies
conducted to-date has been that they have simply com-
pared groups of older with younger HIV� individuals,
and none has included age-matched comparison
groups. Therefore the cognitive impairment observed
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in the older patients reflects both the effect of HIV and
the effect of age. Furthermore, splitting a continuous
dimension such as age on the basis of some arbitrary
cut-point reduces the power of the studies to detect any
true effects of age. Greater statistical power would be
obtained by treating age as a covariate in the statistical
analysis of performance on cognitive tests (e.g., stan-
dard regression method). It is also possible that rela-
tionships between age and cognitive performance are
not linear, and, therefore, statistical analysis should
consider the potential for nonlinear effects of age on
neuropsychological performance.11

The aim of our study was to investigate whether
there was a linear and/or nonlinear differential age
effect on neuropsychological performance between a
group of advanced HIV� individuals relative to HIV-
negative (HIV�) healthy volunteers with similar demo-
graphic and risk-factor characteristics. We also investi-
gated whether a linear and/or nonlinear differential
effect of age was dependent on the degree of cognitive
dysfunction by comparing neuropsychologically-nor-
mal to mildly neuropsychologically-impaired individu-
als, and to severely neuropsychologically-impaired in-
dividuals within the HIV� group. The age effect was
tested both dichotomously and continuously. A signif-
icant differential effect of age would imply that HIV
and age have additional or synergistic effects on cogni-
tive functions. A nonsignificant finding would suggest
that the issue should be reinvestigated in older individ-
uals and/or that a survivor bias may be at play.

METHOD

Participants
The HIV� HAART cohort was initially composed of
115 HIV� men and 1 HIV� woman recruited from St.
Vincent’s Hospital in Sydney, Australia.1 These partic-
ipants had been enrolled in a prospective study of neu-
rocognitive function if they had advanced HIV infection
(1993 CDC Classification Criteria C3) and were receiv-
ing highly active antiretroviral therapy (HAART).

The exclusion criteria were neurological and psychi-
atric disorders (predating or unrelated to HIV), head
injury with loss of consciousness greater than 1 hour,
current alcohol abuse or drug dependence, and current
active opportunistic infection. Eight individuals (6%)
were co-infected with hepatitis C.

Seronegative comparison subjects (30 men) were

screened for significant neurological or psychiatric dis-
orders. They self-reported being HIV-negative within
the last 3 months. If not tested during this time-frame,
the participant was requested to have a test performed
by their general practitioner.

Procedure
All participants were assessed with a standard neuro-
psychological battery.1 Also, cognitive complaints were
collected to determine the clinical meaningfulness of
neuropsychological impairment. For this, we asked
each participant before the assessment whether they
had memory complaints (coded as a Yes/No answer).
All participants provided their informed consent before
study entry. Local ethics committees approved the re-
search protocols.

Raw neuropsychological scores were transformed
into T scores using published normative data inclusive
of corrections for age, education level, gender, and Cau-
casian ethnicity.11 Six T-score domain abilities were de-
fined by averaging individual neuropsychological mea-
sures: speed of information-processing, executive
function, learning, memory, motor, and verbal. HIV-
associated neurocognitive disorder was determined fol-
lowing Antinori et al.11 nomenclature. Using memory
complaints as a surrogate of functional decline, we were
able to classify each case as either having asymptomatic
neurocognitive impairment, mild neurocognitive disor-
der, or HIV-associated dementia.

Global rate of impairment reached 42.2% in the HIV�
cohort (49/116). Using the HIV-associated neurocogni-
tive disorder (HAND) nomenclature, we found that
7.7% (9/116) had asymptomatic neurocognitive impair-
ment; 23.3% (27/116) had mild neurocognitive disor-
der; and 11.2% (13/116) had HIV-associated dementia.
Rate of neuropsychological-impairment in the HIV-
negative comparison subjects was 10% (3/30; Global
Deficit Score method13). As expected, this was signifi-
cantly different from the HIV� cohorts (p�0.0001). De-
mographic and clinical characteristics are presented in
Table 1.

Data Analysis
Group comparisons for demographic and clinical
variables were performed using t-tests, ANOVAs, or
chi-square analyses. For the following analyses, we
used a summary scaled score (averaged scaled score
across all neuropsychological measures) to test the
effect of age across the groups because it provides
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a common metric, is normally distributed and is
not corrected for demographic factors. This scaled
score transformation also cancels out potential outli-
ers that may overinfluence the subsequent regression
analyses.14

We developed regression models to determine linear
and nonlinear effects of age on neuropsychological per-
formance. We ran the first analyses (see Cysique et al.1)
using a Group factor (as HIV� versus HIV–). Second,
the data were reanalyzed, treating cognitive perfor-
mance as a grouping factor (as neuropsychologically-
normal, neuropsychologically-impaired—mild, and
neuropsychologically-impaired—moderate-to-severe)
within the HIV� group to investigate effect on HIV-
associated neurocognitive-disorder severity. These
analyses used age as a continuous variable. The analy-
ses using age as a dichotomous variable did not include
the quadratic term and the second-order interaction.
Our central question was to test whether there was a
differential age effect between the HIV� and HIV�
groups. A significant age � performance interaction
would indicate that the HIV� older individuals per-
formed much worse than their HIV� counterparts. A
significant quadratic age interaction would indicate that
the effect of age is steeper at the right-hand side of slope
curvature for the HIV� than for the HIV� subjects. An
inverse U-shape of the term is expected because of the
group coding (Table 2). In the HIV� group model, an
interaction of HIV� impairment � age and/or qua-

dratic term for the same interaction would indicate that
the effect of age is steeper as a function of impairment
severity.

Linear and Nonlinear (Quadratic) Effect of Age Model

Yp � �1X1 � �2X2 � ��1X1��2X2� � ��2X2�
2

� ��1X1��2X2�
2 � a (1)

Where Yp is the predicted mean scaled score, �1 is the
regression coefficient (slope) for predictor X1 (group),
�2 for predictor X2 (age) and, their interaction (group �
age), age to a degree �2 (age2), and the interaction to a
degree �2 ([group� age]2), and a is the intercept.

This model was reconducted in the same groups
while excluding the 13 individuals diagnosed with
HIV-associated dementia. These extra analyses were
performed because HIV-associated dementia severity
in relation to age may mask differential age effect that
could only be present in a milder form of HIV-associ-
ated neurocognitive disorder.

This model was rerun separately to determine
whether there was any linear effect of education or
self-reported depressive and anxiety symptoms.

We then investigated the effect of the following HIV
disease markers on neuropsychological performance
(defined by the Global Deficit Score) in the complete
HIV� group, using correlation analyses: nadir CD4,
current CD4, number of AIDS-defining illnesses and

TABLE 1. Demographic, Clinical, and Laboratory Characteristic in the HIV� and HIV� Groups

Characteristics HIV� Group Comparison Subjects (HIV�) Analysis

n % n % p
116 30 –

Neuropsychologically impaired 49 42.2 3 10 <0.0001
ANI/MND/HAD 9/27/13 7.7/23.3/11.2 – –
Gender (male) 115 99.5 30 100 –
HIV RNA undetectable 60 52 – –

Mean SD Mean SD p
Age (years) 48.7 (range: 28–70) 9.2 47.4 (range: 30–62) 9.4 0.49

�49 years, % 46.5 43.3
�49 years, % 53.5 56.5

Educational level 14.05 2.6 14.9 2.9 0.15
Depressiona 0.31 1.0 �0.01 0.8 0.08
Anxietya 0.38 1.2 �0.04 0.9 0.06
Log10 HIV RNA in detectable 4.2 1.0 – –

Mean IQR
Median Nadir CD4 cells count (count/�l) 87.2 15–121 – –
Median Current CD4 cells count (count/�l) 326 170–508 – –

aDASS manual normative standards were used to convert depressive and anxiety complaints data into Z scores.
HAND: HIV-associated neurocognitive disorders; HAART: highly active antiretroviral therapy; ANI: asymptomatic neurocognitive impair-

ment; MND: mild neurocognitive disorder; HAD: HIV-associated dementia.

CYSIQUE et al.

J Neuropsychiatry Clin Neurosci 23:1, Winter 2011 http://neuro.psychiatryonline.org 85



HIV duration, as well as log10 plasma viral load as a
surrogate of systemic antiretroviral treatment efficacy.
We then used the HIV disease markers found to be
associated with neuropsychological performance as co-
variates in our regression models.

Age was distributed normally. Depression and anxi-
ety scores were transformed into Z scores using pub-
lished norms.15 No cases had missing data. Statistical
analyses were conducted using the statistical package
JMP 7 (SAS Institute, Inc.; 2007)

RESULTS

As expected, we found significant HIV-status and age
effects in all analyses; namely, HIV� individuals had
lower neuropsychological performance than compari-
son subjects and that older participants had lower neu-
ropsychological performance than younger individuals,
independently of their HIV status.

A trending quadratic interaction for age � group
(p�0.12) was found in the HIV� subjects relative to
HIV� comparison subjects, showing a trend for worse
neuropsychological performance in older HIV� indi-
viduals (Table 2).

A trending quadratic interaction for age � group
(p�0.06) was found for worse neuropsychological per-
formance in older HIV� individuals relative to HIV�
comparison subjects, while excluding individuals with
HIV-associated dementia (Table 3). The contribution of
this term to the model R2 was 13%. In comparison, the
total age effect contributed to 45% (see Figure 1).

For all models, the comparisons Old versus Young
did not yield any significant finding regarding the
interaction between age and HIV status (see Table 2
and Table 3).

As expected, for all models, education contributed
significantly (p�0.01). The trending quadratic interac-
tion for age � group (p�0.10) remained as such only in
the model involving the HIV� to HIV� comparison
subjects, while excluding individuals with HIV-associ-
ated dementia. In all other models, this quadratic term
was nonsignificant.

The severity of depressive complaints did not con-
tribute significantly to the model; however, the severity
of anxiety complaints did contribute (p�0.01) in all
analyses. All other findings remained similar.

Among the HIV-related disease markers, only viral
load was negatively related with neuropsychological per- T
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formance as measured by the Global Deficit Score
(r��0.20, p�0.03). Plasma viral load tended to be associ-
ated in the same manner with neuropsychological perfor-
mance (mean scaled score) in our HIV� -only regression
models (including the HIV-associated dementia cases
[p�0.06] and excluding the HIV-associated dementia
cases [p�0.03]). However, the age-and-HIV interaction re-
mained nonsignificant; the quadratic term of HIV � age
was nonsignificant in the model including all HIV� and
remained trending (p�0.09) in the model excluding the
HIV-associated dementia cases.

DISCUSSION

The main finding of this study was that no clear
combined effect of HIV and age on cognitive function
was detected. This was despite thorough statistical
exploration (both linear and nonlinear) as well as
with the use of age as both a continuous variable and
a dichotomous variable. As such, this study is the
first, in the HAART era, to explore potential multidi-
mensional effects of age on neuropsychological per-
formance in both an HIV� sample and an HIV�
demographically comparable sample.

However, when we focused on mild HIV-associated
neurocognitive disorder, and versus HIV� comparison
subjects, we found a trending effect for a steeper cur-
vature of age � HIV effect on neuropsychological per-
formance (contributing up to 13% of variance explana-
tion in the regression model), meaning that, for some
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FIGURE 1. Neuropsychological Performance Levels in HIV�
Versus HIV� Subjects
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older HIV� individuals, there is a precipitation of neu-
ropsychological performance in the impairment range.
This trending effect was still present after adjustment
for plasma viral load in the analyses testing the effect of
impairment range within the HIV� group.

The first reason for a mostly negative finding may be
that, as in previous studies,7–10 our cohort did not in-
clude many individuals in their 60s or 70s (12% �60
years old in the HIV� sample and 8% �60 years old in
the HIV� sample). Indeed, as for other neurological
conditions, it may be that it is only after the age of 60 or
even 70 that age may increase HIV disease-related cog-
nitive impairment in an additive or synergistic fashion.
As such, the current negative finding should not pre-
clude further long-term analysis of this question.
Some have argued that a “threshold effect” may be at
stake.16 An adverse effect of age and HIV may only
happen for individuals with long enough HIV dura-
tion and advanced age. Moreover, the time of HIV
infection may also play a role, in that individuals
infected after their 50s have more rapid HIV progres-
sion than individuals infected at a younger age.16

Whether this could also represent an accelerated ag-
ing and HIV effect in the brain remains to be inves-
tigated.

The second reason that we were not able to detect an
obvious combined effect of age and HIV on brain func-
tion is that there may have been some sampling bias. It
is possible that this sampling bias may actually affect all
current middle-aged HIV� cohorts and occur because
these include mostly individuals who have survived
the first two decades of HIV infection, including the
time when suboptimal treatment was the only option.
Thus, most of these currently middle-aged individuals
could be considered as survivors and therefore be par-
ticularly resistant to any exacerbation of cognitive ef-
fects by age. Modeling “survivor bias” is difficult, how-
ever.17 In the current study, the analyses involving the
HIV� group without the HIV-dementia individuals
could arguably represent a surrogate testing of this ef-
fect in that the more severely impaired could be the
least resistant to age effect (note that there was no age
difference between the subgroups). The results of the
current study suggest that the linear effect of age across
all groups explained most of the variance related to age.
In other words, the survivor bias may even apply to the
most neuropsychological-impaired or these analyses re-
main an imperfect surrogate for testing a survivor bias.

Interestingly, when considering the number of AIDS-

defining illnesses (other than HIV-associated neurocog-
nitive disorder) as another surrogate marker of survivor
bias, we found that age was inversely correlated with a
higher number of AIDS-defining events (r��0.24,
p�0.008). This control analysis supports the hypothesis
that a proportion of current middle-aged HIV� indi-
viduals could be considered survivors, and they could
therefore bias the sample. This may be especially the
case in metropolitan cohort composed of gay and bi-
sexual men, such as in Australia,18 because those also
represent individuals who are generally well educated
(as it is the case for the current cohort), and have uni-
versal healthcare access. These last two factors have
been consistently associated with greater life-expect-
ancy in the general population.19 Higher educational
level has also been associated with greater cognitive
reserve in HIV populations.20

Our nonlinear and trending finding could still imply
that an effect of age may happen as a sudden drop in
neuropsychological performance for some older HIV�
individuals. We believe that we observed this slightly
more robust finding in individuals with mild HIV-
associated neurocognitive disorder for two potential
reasons: 1) In HIV-dementia cases, the age effect may
have contributed to the occurrence of dementia, rather
than its current characteristics in terms of neuropsycho-
logical performance; and 2) HIV-associated dementia,
because of its severity, is or has become a different
neuropathological entity. Although this question is not
central to the current study, our finding suggests that
HIV-associated dementia cases may need to be discrim-
inated in some instances in NeuroAIDS studies.

If it were the case that age precipitates rather than only
amplifies HIV-related cognitive impairment in some in-
dividuals, and more likely in those considerably over
the age of 60, then there is reasonable concern that,
within a few years, these persons may develop a more
aggressive form of HIV-associated neurocognitive dis-
orders with or without involving a direct neurodegen-
erative pathway.16 The nonlinear trending finding also
suggests that some older individuals well over 60 may
develop sudden or acute cognitive decline because a
threshold of brain injury has been reached, even if these
individuals were somewhat more resistant to the effect
of aging during their middle-aged years.

Several limitations to our study should be men-
tioned. Our analysis was cross-sectional in nature. A
similar multidimensional exploration of HIV and age
will be necessary in longitudinal studies. Our control
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group was of small size, potentially increasing the
neuropsychological performance variance in this
group and reducing our power to detect an age-and-
HIV effect. Although this is possible, despite the sam-
ple size, our control group performed well within the
normal range, therefore minimizing the adverse ef-
fect of large variance on model predictions. More-
over, at the time of neuropsychological testing, we
did not collect cardiovascular disease-related infor-
mation on our participants. It could be that, for some
individuals, the age effect may be mediated by
greater cardiovascular risks. This issue has recently

been emphasized in HIV infection21 and will need
greater investigation.
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