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Purpose of review

In general, the initiation of combination antiretroviral (cART) is associated with improvement in
cognitive function. However, the impact of cART has on cognitive function in neurologically asymptomatic
HIV-infected individuals initiating therapy at high CD4þ lymphocyte cell counts is unknown.

Recent findings

Cognitive function impairment remains prevalent despite effective cART. Several clinical risk factors for this
condition have been described, including low nadir CD4þ lymphocyte cell count which may be associated
with greater neuroinflammatory process, a potential pathogenic mechanism underlying this cognitive
impairment. The earlier initiation of antiretroviral therapy could theoretically avoid this risk factor and limit
the degree of neuroinflammation. On the converse, the earlier initiation of cART may be associated with
the development of neuronal toxicities.

Summary

This review article highlights the recent literature and arguments for and against the earlier initiation of
cART with regards to cognitive function.
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INTRODUCTION

The advent of effective combination antiretroviral
(cART) therapy has led to dramatic reductions in the
incidence and prevalence of HIV-associated central-
nervous-system (CNS) opportunistic-infections [1]
and other AIDS-defining illnesses such as HIV-
encephalopathy [2]. With the development of cART
regimens with reduced toxicity and increased
tolerability, the incidence of these conditions
continues to decline [3].

Despite these advances, milder forms of HIV-
associated cognitive impairment are reported to
persist. Clinically significant cognitive function
impairment has been reported in approximately
10–15% of effectively treated HIV-infected indi-
vidual within cohorts worldwide [4–6]. Although
higher prevalence rates of cognitive impairment
in up to 50% of individuals has been described in
recent times [7,8], these reports may be overestima-
tions because of the analysis of cohorts including
individuals not receiving effective cART and cohorts
which included individuals who were otherwise
asymptomatic who under-performed on formal
cognitive testing wherein control data-sets were un-
available to interpret such findings [9,10]. Incidence
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rates are also high with the onset of de-novo
cognitive symptomatology reported in 22% of
individuals with clinical risk factors annually [11].

This cognitive decline is of clinical relevance.
Typically, the domains of memory, attention and
information processing are affected with the clinical
consequences being reduced quality of life [12],
reduced functioning on activities of daily living
[13] and even increased mortality [14]. Furthermore,
HIV-associated cognitive impairment may under-
mine sustained adherence to lifelong cART, jeopard-
izing both the long-term effectiveness of treatment
for the individual and the prevention of onward
HIV transmission.
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KEY POINTS

� The incidence of frank HIV-encephalopathy has
declined since the advent of effective cART, however,
minor cognitive disorders remain prevalent.

� Low nadir CD4þ lymphocyte count is a well described
risk-factor for the development of cognitive impairment.

� Antiretroviral therapy is in general beneficial with
regards to cognitive function, however, cerebral
toxicities from antiretroviral therapy may develop.

� In HIV-infected individuals with cognitive
symptomatology, antiretroviral therapy should be
initiated regardless of CD4þ lymphocyte count.

� In cognitively asymptomatic individuals, equipoise
exists as to the theoretical benefits versus the theoretical
harm of the initiation of cART may have on cognitive
function in individuals with higher CD4þ lymphocyte
counts.

Table 1. Factors implicated in the pathogenesis of
HIV-associated cognitive impairment in the
combination antiretroviral era

Pathogenic mechanisms
Corresponding clinical
risk factors

Persistent immune activation Nadir CD4 cell count

Immune-reconstitution Nadir CD4 cell count

Antiretroviral toxicity Type of antiretroviral therapy
(e.g. efavirenz?)

Inadequate exposure to
ART in the CNS

Type of antiretroviral therapy

Accelerated brain ageing Age

Neurodegeneration Family history of dementia and
other neurodegenerative diseases

Coinfections Hepatitis C

Syphilis

CMV

Comorbidities and
lifestyle factors

Cardiovascular disease

Diabetes

Clinical depression

Drug and alcohol abuse

Smoking

ART, antiretroviral therapy; CMV, cytomegalovirus; CNS, central nervous
system.

Does antiretroviral treatment at high CD4 counts reduce disease risk for HIV-positive patients?
Several underlying pathogenic mechanisms for
this condition have been proposed, and many
clinical risk factors have been identified. One
important clinical risk factor is an individual’s
CD4þ lymphocyte count at nadir [15]. This had
led to the hypothesis that the avoidance of low
nadir CD4þ lymphocyte count, by commencing
cART at an earlier stage of HIV-disease, could lead
to a reduced incidence of HIV-associated cognitive
impairment. In this review article, we firstly
summarize some of the proposed pathogenic
mechanisms that may underlie this condition with
the associated clinical risk factors, and then in
detail outline the impact of antiretroviral therapy
in differing stages of HIV-disease.
MAIN REVIEW

Numerous pathogenic mechanisms have been
implicated with the development of cognitive
impairment in the cART era. These include on-going
neuroinflammation despite effective cART, anti-
retroviral factors and general patient factors such
as other comorbidities, coinfections and lifestyle
factors Table 1.
NEUROINFLAMMATION AND NADIR CD4R

LYMPHOCYTE COUNT

The main effectors of immune responses and
inflammatory processes with the CNS are microglia,
which constitutes approximately 10% of the entire
brain cell population. Compelling evidence exists
suggesting that activation of microglial cells which
opyright © Lippincott Williams & Wilkins. Unautho
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leads to neuroinflammation plays an important
role in HIV-associated brain disease.

Prior to the advent of effective cART, in indi-
viduals with frank HIV-encephalopathy, increased
microglial activation was demonstrated on post-
mortem examination [16] and utilizing PET imaging
in which ligands which bind to activated microglial
cells can be visualized in vivo [17]. More recently,
microglial activation has also been reported in
cART era, again both on postmortem examination
in in vivo. The ‘Edinburgh Brain Banks’ group
have described microglial activation to be present
in effectively treated HIV-infected individuals
deceased from non-AIDS and non-CNS-related
diseases suggesting neuroinflammation is on-going
despite cART [18]. PET imaging supports these find-
ings with increased binding of PET-ligands which
adhere to activated microglial cells in effectively
treated HIV-infected individuals with mild forms
of cognitive impairment and in those without any
evidence of cognitive disease [19].

Furthermore, cerebrospinal-fluid (CSF) bio-
marker studies measuring concentrations of inflam-
matory markers produced by activated microglia
have revealed that despite a reduction in the level
of intrathecal immune activation observed with
cART, significant on-going inflammation activity
is evident [20]. Letendre et al. [21] measured the
rized reproduction of this article is prohibited.
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concentration of three inflammatory chemokines
macrophage inflammatory protein-1a (MIP-1a),
RANTES (regulated on activation, normal T cell
expressed and secreted) and MIP-b in 73 HIV-infected
individuals and reported increased concentrations
of all three biomarkers in the CSF of individuals
with HIV-associated cognitive impairment com-
pared with individuals without cognitive impair-
ment. A prospective study looking at the effects of
12 weeks of cART on changes in immune- markers
in 12 patients with cognitive impairment, demon-
strated a reduction in MIP-1a and RANTES following
the initiation of cART [22]. Other markers studied
include IP-10 [23] and S100b [24] in which increased
concentrations in HIV-infected individuals with
either more advanced or more rapidly progressive
cognitive impairment have been reported. The
literature in this field includes many studies report-
ing differences in both blood CSF biomarkers in HIV-
infected individuals on effective cART compared
with HIV-uninfected individuals and differences in
such biomarkers in HIV-infected individuals with
cognitive impairment. Overall, the data suggest that
patients with HIV-associated cognitive disorders
tend to have higher levels of inflammatory blood
and CSF biomarkers.

An individual’s CD4þ lymphocyte count nadir is
a marker of historical HIV-disease progression and
a well described risk factor for the presence of cog-
nitive impairment in many cohorts [4,10,15,25]. On
the converse, for individuals on effective antiretro-
viral therapy, current CD4þ lymphocyte count has
not been reported to be a strong risk factor for
the presence of cognitive impairment. This may
be due to HIV-disease progression, whereby as
HIV-disease progresses, increased peripheral and
CNS immune activation occurs. It is possible this
process may persist despite effective cART and be a
potential explanation for the strong clinical corre-
lation observed between nadir CD4þ lymphocyte
count and cognitive function, in which individuals
with lower nadir CD4þ lymphocyte counts are
more likely to display poorer cognitive function,
despite higher CD4þ lymphocyte counts after effec-
tive cART.
PATIENT FACTORS

Many comorbidities and lifestyle factors have been
associated with higher rates of cognitive impair-
ment. Comorbidities such as cardiovascular disease
and diabetes [26,27] are among the strongest
predictors of cognitive function impairment within
the Strategic Management of ART study, one of
the largest HIV-treatment studies to date. Such
noncommunicable comorbidities are reported to
Copyright © Lippincott Williams & Wilkins. Unau
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be highly prevalent in treated HIV-infected indi-
viduals and may potentially increase prematurely
with ageing [28]. Therefore, within ageing HIV-
infected populations, the presence of cognitive
impairment could increase exponentially over time.

Coinfections are also important risk factors
for cognitive impairment. HIV-infected individuals
coinfected with chronic viral hepatitis-C infection
have an increased risk of cognitive impairment
compared to those infected with HIV alone [29].
Similarly, poorer cognitive function has been des-
cribed in HIV-infected individuals with higher cyto-
megalovirus antibody concentrations and those
with past history of syphilis infection [30,31]. It is
possible that these coinfections are associated
with increased neuroinflammatory responses and
nervous system injury.

Lifestyle factors such as cigarette smoking,
recreational drug and alcohol use are also reported
to be highly prevalent in HIV-disease as are diag-
noses of depressive symptoms, which may further
fuel the incidence of this condition. Not only may
these clinical risk factors themselves directly affect
cognitive function (for instance, recreational drug-
use), these may also contribute to the pathogenesis
of other diseases leading to cognitive decline (for
instance, cardiovascular disease contributing to
vascular dementia). Moreover, the presence of these
conditions may also lead to increased peripheral
inflammatory responses [32], which could in turn
also lead to neuroinflammation [33].
THE IMPACT OF ANTIRETROVIRAL
THERAPY

On a population level, there is compelling evidence
to suggest cART is beneficial with regards to cogni-
tive function. The incidence of severe HIV-associ-
ated brain disease fell dramatically with the advent
of effective cART and continues to decline with the
development of regimens with reduced toxicity [3],
and moreover cognitive function improves in HIV-
infected individuals commencing cART for the first
time [34,35].

A further hypothesis underlying the observed
cognitive impairment in the cART era is inadequate
of antiretroviral agents in the CNS compartment.
A great amount of recent attention has focused on
this hypothesis, which assumes that although cART
regimens may suppress HIV-viraemia in the plasma
compartment, the efficacy of viral suppression in
the CNS compartment may not be optimal. This
thinking has led to scorning systems, whereby anti-
retroviral agents are graded based on their pharma-
cokinetic properties with agents with greater
potential exposure in the CNS having greater scores
thorized reproduction of this article is prohibited.
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[36]. However, there is no conclusive evidence that
different cART regimens with different pharmaco-
kinetic properties are associated with differences in
cognitive function [37]. Separate consideration
should be given to cases of ‘cerebro-spinal-fluid
(CSF) viral escape’, in which suppressive control
of HIV RNA in the CNS is lost. This rare condition,
distinct from HIV-associated cognitive impairment,
is often promptly diagnosed, as symptoms are overt
and generally responds to modifying cART follow-
ing HIV-resistance testing [38].

On the converse, cerebral toxicities may ensue
after the initiation of cART, which may cause cog-
nitive decline. Laboratory studies suggest that many
of the antiretroviral agents in current clinical use
may have neuronal toxicities, even at the concen-
trations one would expect to observe in the CNS
during general clinical usage [39]. In this study,
cultured rat cortical neurones were challenged with
several antiretroviral agents in current clinical use
such as abacavir, efavirenz, etravirine, nevirapine
and atazanavir within the range of concentrations
one would expect to observe in plasma and CSF with
standard clinical dosing. The study described a con-
siderable loss of neurones caused by alterations of
the neuronal calcium homeostasis and mitochon-
drial membrane potentials suggesting one possible
mechanism for neuronal injury may be due to
antiretroviral therapy itself.

Clinical data describing cerebral toxicities from
antiretroviral therapy are sparse, however, know-
ledge in this field is expanding [40]. Cerebral imag-
ing studies suggest toxicities may be present and are
associated with the duration [41] or number [42]
of nucleoside-reverse-transcriptase-inhibitor agents
used within a cART regimen, which may be markers
of mitochondrial toxicity. Clinical data regarding
specific drug-toxicities are also starting to emerge.
Within cohort studies, efavirenz use has been associ-
ated with poorer cognitive function [43] and switch-
ing from this agent associated with improvements
in CNS-symptomatology [44].
THE EARLIER INITIATION OF
ANTIRETROVIRAL THERAPY

Current guidelines recommend the initiation
of antiretroviral therapy in all HIV-infected individ-
uals with clinically overt cognitive-symptomato-
logy, which is considered related to HIV-disease
regardless of CD4þ lymphocyte count [45].

However, could the early initiation of anti-
retroviral therapy, prior to current guidelines
recommendation based on CD4þ lymphocyte count
be beneficial to cognitive function in cognitively
asymptomatic HIV-infected individuals? When
opyright © Lippincott Williams & Wilkins. Unautho
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considering this, several of the above principles
should be taken into consideration.

First, the earlier initiation of antiretroviral
therapy would avoid HIV-infected individuals
obtaining low nadir CD4þ lymphocyte, and there-
fore avoiding this risk factor. However, one also
needs to consider that this is a risk factor described
within clinical cohorts and although this may
be linked to increased neuroinflammation and
other pathogenic mechanisms associated with the
development of cognitive impairment, cohort
biases should also be taken into consideration.
If one considers two HIV-infected individuals, one
with a very low nadir CD4þ lymphocyte count and
one with a high nadir CD4þ lymphocyte count
then these individuals general phenotypes could
be quite different. The underlying reasons that
one individual has developed a low nadir CD4þ

lymphocyte may include late HIV-disease pre-
sentation, greater risk-taking behaviour and general
poorer engagement with healthcare services. There-
fore, this individual may inherently have poorer
cognitive function rather than this being directly
related to HIV-disease, and as such the earlier
initiation of antiretroviral therapy may have little
if any impact on cognitive function.

Secondly, the earlier initiation of antiretroviral
therapy would allow individuals to benefit from
the effects of cART on cognitive function at an
earlier stage. However, again on the converse, such
a strategy would expose individuals to the potential
cerebral toxicities of antiretroviral therapy for a
longer duration of time and from an earlier stage
of HIV-disease.

Therefore, there remains equipoise regarding
the role of commencing cART in neurologically
asymptomatic individuals with high CD4þ lym-
phocyte counts. A neurology sub-study with the
Strategic Timing of Antiretroviral Therapy study;
ClinicalTrials.gov Identifier NCT00867048 is assess-
ing the impact of the earlier initiation of cART
on cognitive function. In this study, individuals
with CD4þ lymphocyte counts above 500 cells/ul
are randomized to immediate cART or deferred
cART (until CD4þ lymphocyte counts falls below
350 cells/ul) with prospective cognitive function
assessed during the study period. Results from this
study may definitively answer the above conun-
drum regarding the impact of the earlier initiation
of cART on cerebral function.
CONCLUSION

Since the advent of effective cART, controversy has
existed regarding the optimal timing for initiation
of this therapy. This controversy continues, with the
rized reproduction of this article is prohibited.
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impact of cART on comorbidities, an important
current consideration. With regards to cognitive
function impairment, although cART has shown
beneficial effects in individuals with symptomatic
cognitive decline and in individuals commencing
cART for the first time, the impact of cART has
on cognitive function in asymptomatic individuals
with high CD4þ lymphocyte counts remains
unknown.
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