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Abstract Despite significant advances in the virologic man-
agement of HIV infection over the last two decades, effective
treatments for HIV-associated neurocognitive disorders
(HAND) remain elusive. While pharmacological interventions
have yielded some success in improving neurocognitive out-
comes in HIV, there is a dearth of rigorous studies examining
the efficacy of cognitive rehabilitation for remediating HIV-
associated neurocognitive impairment. This qualitative review
summarizes and critiques the emerging literature on cognitive
and behavioral treatments for HAND, which provides many
reasons for optimism, but also has major limitations that un-
derscore the scope of the work that lies ahead. Considering the
notable real-world consequences of HAND, the development,
validation, and clinical deployment of cognitive neurorehabi-
litation interventions tailored to the needs of persons living
with HIV infection is a priority for clinical neuroAIDS inves-
tigators. In describing potential future directions for this en-
deavor, particular attention was paid to the application of
cognitive neuropsychological principles in developing
theory-driven approaches to managing HAND, improving ev-
eryday functioning, and enhancing HIV health outcomes.
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The first scientific evidence of objective neuropsychological
deficits in persons living with HIV infection was published a
quarter-century ago (Grant et al. 1987). Subsequent to that
seminal study, there has been an abundance of clinical re-
search characterizing the impact of HIV infection on the brain,
including its neuroepidemiology (e.g., incidence and preva-
lence), neural and cognitive mechanisms, and impact on real-
world outcomes. However, there has been a paucity of litera-
ture dedicated to cognitive and behavioral approaches to treat-
ing HIV-associated neurocognitive disorders (HAND). As
such, the next challenge for clinical neuroAIDS researchers is
to translate the wealth of observational knowledge regarding
HAND into effective, theory-driven, and evidence-based treat-
ments that can improve health outcomes in persons living with
HIV infection. In that regard, the aims of this qualitative review
are to: 1) briefly review the current state of the HAND litera-
ture, including its diagnosis, profile, and effects on everyday
functioning; 2) describe current pharmacological management
strategies for managing HAND; 3) critically evaluate the lim-
ited literature on computerized (and emerging theory-driven)
cognitive neurorehabilitation approaches to improving
HAND; and 4) outline possible future directions for cognitive
rehabilitation research in the context of HIV infection over the
next decade.

Clinical Features of HIV-associated Neurocognitive
Disorders (HAND)

Diagnosis and Neuroepidemiology of HAND

An important determinant for dedicating scientific resources
for the development of an intervention is whether or not the
condition of interest is of public health importance (e.g.,
prevalent and adversely impacts patients, their caregivers,
and the healthcare system). HAND occurs in an estimated
30–50 % of individuals with HIV (e.g., Heaton et al. 2010),
meaning that approximately 350,000–575,000 persons in
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the United States alone may suffer from HAND. Annual
incidence rates of HAND range from approximately 10 to
25 % (e.g., Robertson et al. 2007). Established risk factors
for HAND include older age (e.g., Valcour et al. 2004),
lower cognitive reserve (Morgan, Woods, Smith et al.
2012), histories of immune suppression (Ellis et al. 2011),
and a host of comorbidities, including substance use disor-
ders (Rippeth et al. 2004) and co-infection with hepatitis C
(e.g., Cherner et al. 2005). The updated research nosology
for HAND was determined by an NIH working group in
Frascati (Antinori et al. 2007), taking into consideration the
many clinical and scientific advancements in treatment (i.e.,
the introduction of combined antiretroviral therapy [cART])
and neuropsychological assessment (e.g., new tests and
improved normative standards) of HIV infection, as well
as emerging appreciation of important comorbidities (e.g.,
hepatitis C co-infection). The Frascati criteria allow for three
diagnostic categories: Asymptomatic Neuropsychological
Impairment (ANI), Mild Neurocognitive Disorder (MND),
and HIV-Associated Dementia (HAD) (see Fig. 1). For each
of these HAND diagnoses, an individual must demonstrate
at least mild neuropsychological impairment (i.e., > 1 SD
below the appropriate normative mean) in at least two
cognitive domains that is attributable, at least in part, to
HIV infection. Meeting this cognitive criterion alone quali-
fies for a diagnosis of ANI, which comprises approximately
50 % of HAND diagnoses and approximately 15–30 % of
cases of HIV infection overall (Grant et al. 2005). ANI has
been the most controversial addition to the HAND nosology

(Gisslen et al. 2011), as it does not require the presence of
functional decline. Dissenting opinions have posited that
ANI will cause unnecessary stress for individuals now
deemed “neurocognitively impaired” despite no reported
symptoms and few viable treatment options (Gisslen et al.
2011). However, Blackstone et al. (2012a) recently demon-
strated that many of these “asymptomatic” individuals might
actually evidence functional impairment when examined with
more sensitive assessment tools (e.g., performance-based ev-
eryday functioning tests). Therefore, consideration of ANI
diagnoses may be useful in spotlighting individuals who
may be unaware of their functional disability (e.g., due to
limited insight) or at risk for incident functional decline
(Heaton et al. 2012) and may therefore benefit from cognitive
neurorehabilitation.

Declines in everyday functioning are central to the diag-
nostic criteria of both MND and HAD, which necessitate the
presence of syndromic, acquired mild-to-moderate (i.e. > 1
SD below the normative mean) or moderate-to-severe (i.e.,
at least 2 SDs below demographically-adjusted normative
means) neurocognitive deficits in 2 or more domains, re-
spectively. The functional dependence criteria for MND are
milder than those for HAD and may be determined by
evidence of two or more of the following that are not
exclusively attributable to a comorbid condition: 1) self- or
proxy-report of declines in ≥ 2 instrumental activities of
daily living (IADLs; e.g., financial management); 2) unem-
ployment or a significant reduction in job responsibilities
secondary to reduced cognitive abilities; 3) decline in

Fig. 1 Decision-tree outlining
the consensus Frascati
diagnostic criteria for HIV-
Associated Neurocognitive
Disorders (HAND) as adapted
from Antinori et al. (2007) and
Woods et al. (2009a). MDD
major depressive disorder. SD
standard deviation
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vocational functioning (e.g., increased errors, decreased
productivity or efficiency); 4) self- or proxy-report of in-
creased problems in ≥ 2 cognitive ability areas in day-to-day
life (NB. This criterion can only be used if based in the
absence of current depression, which may increase false
positive self-reports of complaints); or 5) scores > 1 SD
below mean on a performance-based laboratory measure of
everyday functioning (e.g., medication management). A
diagnosis of HAD requires substantial functional decline,
as marked by: 1) unemployment due to cognitive impair-
ment; 2) self- or proxy-report of dependence in > 2 IADLs
related to cognitive problems; 3) self- or proxy-report of
declines in ≥ 4 cognitive ability areas in day-to-day life (NB.
As with a diagnosis of MND, this criterion only applicable if
based exclusively on the self-report in the absence of current
depression); 4) performance that is > 2 SD below the mean
on a performance-based laboratory measure of everyday
functioning (or > 1 SD below the mean on two functional
tests). MND and HAD are present in approximately 5–20 %
and 1–2 % of HIV-infected adults, respectively (Woods et
al. 2009a), and represent a significant subpopulation for
whom aggressive treatment for neurocognitive impairment
is most needed to improve everyday functioning.

Neuropsychological Profile of HAND

In order to identify sensitive and specific targets for prevention
and/or remediation of HAND it is essential to first understand
its neural mechanisms, affected brain systems, and cognitive
architecture (see Fig. 2). HIV is lentivirus that is highly
neurotropic, and is able to infiltrate the central nervous system
(CNS) through “Trojan Horse”mechanism via infectedmono-
cytes and cluster of differentiation 4 (CD4+) lymphocytes

(Hult et al. 2008). Although the virus does not directly infect
neurons, it often causes damage to neural tissue through both
direct (e.g., viral proteins) and indirect (e.g., inflammatory)
processes (Kaul et al. 2001). HIV-associated neuropathology
is diverse in the era of cART is characterized by synaptoden-
dric injury and can include HIVencephalitis (HIV-E), vascul-
opathy, and gliosis (Everall et al. 2009). HIV can affect many
different neural pathways, but primarily impacts both the
structure (e.g., white matter hyperintensities) and function
(e.g., abnormal brain perfusion) of fronto-striatal-thalamo-
cortical (FSTC) circuitry, in addition to medial temporal lobe
regions (Thompson et al. 2005).

Consistent with this preferential impact of HIV on
frontostriato-thalamo-cortical neural circuitry (see Ellis et
al. 2009), the neurocognitive profile of HAND is often
marked by impairments in domains of executive functions,
episodic learning and memory, psychomotor speed, and
working memory (see Table 1 for tests sensitive to HAND),
while deficits in simple attention, sensory perception, recep-
tive language, and visuoperceptual functions are less com-
mon. Executive dysfunction is among the most widely
studied and well-documented neurocognitive deficits in
HIV, particularly in the cART era (e.g., Heaton et al. 2011).
Many individuals with HIV evidence deficits on a wide
variety of higher-order processes, including abstraction and
novel problem solving (e.g., Heaton et al. 1995), cognitive
flexibility (e.g., Reger et al. 2002), pre-potent response inhi-
bition (e.g., Martin et al. 2004), and planning (e.g., Cattie et
al. 2012). Emergent data also indicate that individuals
infected with HIV may be prone to risky decision-making
(Hardy et al. 2006), particularly those with HAND (Iudicello
et al. 2012), perhaps as a function of cognitive impulsivity
(Martin et al. 2004).

Prophylactic 
Approaches Restorative

HIV-related 
Neuropathology

Neural Systems 
Affected 

Neurocognitive 
Impairments

Everyday Functioning 
Declines

Poor Health 
Outcomes

• Synapto-dendritic Injury
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• HIV encephalitis
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• Temporolimbic
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• Attention/WM
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• Episodic Memory
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• Immunovirologic
• HIV-related Morbidity
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Fig. 2 A preliminary conceptual model depicting possible targets for
prevention and rehabilitation of the neuropathogenesis, affected brain
systems, neurocognitive deficits, and real-world impact of HIV-

Associated Neurocognitive Disorders (HAND). ART antiretroviral
therapy. IADL instrumental activities of daily living. WM working
memory
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The executive aspects of other cognitive ability areas are
also frequently affected among persons living with HIV. For
instance, the pattern of episodic memory impairment in
HAND is most consistent with the prototypical mixed

encoding and retrieval profile that is often observed in
populations with compromised frontostriatal systems (e.g.
Parkinson’s disease), with impairment most evident on more
executively demanding free recall tasks but normalized per-
formance on more structured recognition trials (Woods et al.
2005). Given the frequently observed pattern of executive
dysfunction, learning and memory deficits in HAND are also
marked by limited use of higher-order strategic organizational
encoding strategies (e.g., Delis et al. 1995), including seman-
tic clustering during list learning (e.g., Gongvatana et al.
2007). Beyond retrospective memory impairment, HIV-
infected individuals experience mild-to-moderate impairment
on performance-based tests of prospective memory (i.e., “re-
membering to remember”), marked by a pattern of dysfunc-
tional strategic encoding, monitoring, and retrieval of future
intentions (e.g., Carey et al. 2006). Within the broad area of
language functioning, HIV is associated with comparably
mild-to-moderate impairment on measures of letter and cate-
gory fluency (Iudicello et al. 2007), thereby suggesting a
common mechanism of deficient strategic search and retrieval
from lexico-semantic memory stores rather than a degradation
of those networks (Woods et al. 2004). The process of switch-
ing between lexico-semantic categories during verbal fluency
appears to be particularly affected inHAND, especially during
alternating fluency trials (Iudicello et al. 2008). Although
simple attention (e.g., forward digit span) is generally spared
in non-demented persons with HIV infection, deficits on
measures of complex attention and working memory are
considerably more prevalent (e.g., Heaton et al. 1995; Reger
et al. 2002).

Taken together, the neurocognitive profile of HIV infec-
tion points toward a primarily dysexecutive syndrome,
which may impact various domains of functioning through
deficient higher-order strategic abilities (e.g., semantic clus-
tering in verbal learning; Woods et al. 2004) as well as
weakened mechanisms for cognitive control (e.g., greater
intraindividual variability; Morgan et al. 2011), while spar-
ing relatively less cognitively demanding (e.g., so-called
“automatic”) processes. Such information about neurocog-
nitive strengths and weaknesses in HIV may be of value in
determining both targets (e.g., domains and processes) and
approaches (e.g., compensatory aids) for neurorehabilitation
of HAND. More specifically, compensatory techniques that
aim to capitalize on relatively intact automatic processes
(e.g., basic attention, procedural learning) may effectively
circumvent relative deficits in strategic neurocognitive pro-
cesses in order to improve overall functioning (see Fig. 2).

Although a review of the limitations of the HAND liter-
ature is beyond the scope of this paper, a few notable gaps in
our current knowledge warrant consideration in the context
of the burgeoning efforts toward designing effective reha-
bilitation strategies in HIV. First, we still have only a rela-
tively rudimentary understanding about the natural course of

Table 1 A selection of neuropsychological tests that have demonstrat-
ed construct validity in HIV disease adapted from Antinori et al.
(2007), with note taken to those with evidence of sensitivity to neuro-
cognitive change

DOMAIN TEST

Neurocognitive ability

Executive functions Halstead Category Test

Stroop Color and Word Test

Trailmaking Test, Part B

Wisconsin Card Sorting Test

Learning & episodic
memory

Brief Visuspatial Memory Test-Revised

California Verbal Learning Test (2nd ed.)

Cogstate Maze Learning Testa

Hopkins Verbal Learning Test-Revised

Rey Auditory Verbal Learning Test

Rey Complex Figure Test

Wechsler Memory Scale (3rd ed.)

Language Action (verb) Fluency

Animal Fluency

Boston Naming Test

Controlled Oral Word Association Test

Information processing
speed

Cogstate Simple Card Detectiona

Digit Vigilance Test

Symbol Digit Modalities Test

Trailmaking Test, Part A

Useful Field of View Testb

WAIS-III Processing Speed Index

Attention and working
memory

Paced Serial Addition Test

WAIS-III/WMS-III Working Memory
Index

Motor skills Finger Tapping

Grooved Pegboard

Timed Gait

Everyday functioning

Questionnaires Modified Lawton & Brody ADL

Medical Outcomes Survey-HIV SF-36

Patients’ Assessment of Own
Functioning Inventory

Laboratory Medication Management Task - Revised

Timed IADL Testb

Valpar standardized work samples

ACTG Adherence Questionnaire

Becker et al. 2012 did not report individual test performances to
determine sensitivity to neurocognitive change. a Evidenced change
post-intervention in Boivin et al. 2010. b Evidenced change post-inter-
vention in Vance et al. 2012
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HAND (i.e., from the acute and early period of HIV infec-
tion to death). Needed are prospective, longitudinal studies
that can provide reliable estimates of incidence and func-
tional recovery, as well as the predictors, mediators and
moderators (e.g., cognitive, demographic, and medical) fac-
tors of neurocognitive stability, improvement, and decline
(e.g., Mateen et al. 2012). Another fundamental problem is
the lack of reliable, sensitive screening tools for clinics to
identify HIV-infected individuals for whom treatment for
HAND may be indicated (see Valcour et al. 2011).

Everyday Functioning Impact of HAND

Given that HIV-associated neurocognitive deficits are a sig-
nificant, independent risk factor for a variety of adverse ev-
eryday functioning outcomes, developing effective
interventions to improve HAND may translate into real-
world benefits for patients and care providers alike. For in-
stance, neurocognitively impaired HIV+ individuals show
deficits across a range of laboratory-based functional tasks
compared to their uninfected peers (e.g., cooking, financial
and medication management; Heaton et al. 2004).
Additionally, HIV-associated neurocognitive impairment is
associated with a greater likelihood of being unemployed
(Woods et al. 2011), decreases in job-related abilities
(Heaton et al. 2004), and difficulties of returning to work after
disability (van Gorp et al. 2007). Executive dysfunction (e.g.,
Hinkin et al. 2002) and impairments in episodic memory (e.g.,
Woods et al. 2009b) are reliably associated with lower anti-
retroviral (ARV) adherence independent of other neuropsy-
chiatric factors and HIV disease severity. HAND (specifically
executive dysfunction and visual inattention) is also associat-
ed with both simulator and on-road automobile driving diffi-
culties, including a greater number of driving accidents
(Marcotte et al. 1999, 2004, 2006). Lastly, greater severity
of neurocognitive impairment in HIV infection is indepen-
dently associated with lower health-related quality of life
(Doyle et al. 2012; Tozzi et al. 2004) and higher risk for
mortality (Ellis et al. 1997; Wilkie et al. 1998). Given the
persistence of HAND in the cART era and its unique role in a
wide range of real-world outcomes, the development, valida-
tion, and clinical deployment of targeted, effective cognitive
neurorehabilitation treatments are needed and of clear impor-
tance to health outcomes in HIV disease.

Clinical Course of HAND

The natural history of neuroAIDS suggests that HAND may
be responsive to cognitive rehabilitation and that such
efforts may yield positive public health gains. Unlike neu-
rodegenerative disorders (e.g., Alzheimer’s disease), HAND
it is not invariably progressive. In fact, observational longi-
tudinal studies show that it is common for individuals with

HAND to remain cognitively stable over time (Cysique,
Franklin et al. 2011), and that approximately 21 % may also
evidence notable improvements (Robertson et al. 2007).
Recognizing the malleability of HAND, the Frascati diag-
nostic criteria include an “in remission” qualifier for indi-
viduals with prior diagnoses of HAND who no longer meet
the neurocognitive and/or functional criteria. There are a
variety of clinical factors that may relate to the amelioration
of neurocognitive deficits, including comorbidity burden
(e.g., hepatitis C co-infection), but opportunities for proac-
tive modification of the course of HAND also exist. Such
opportunities represent a unique environment for cognitive
rehabilitation in the setting of neurological disease, whereby
it may be possible to intervene to successfully improve
cognition in a relatively young population with a manage-
able chronic illness. This is especially relevant in the cART
era in which persons are now living with HIV infection into
their 60s and 70s (CDC 2010). With longer life expectancy
and improved health outcomes, it is no longer assumed that
HIV-infected individuals will need to collect disability pay-
ments as income, but instead, many may seek to continue
working until retirement age (van Gorp et al. 2007). It is this
prosperous turn in the course of the HIV epidemic that has
rendered the need to develop empirically supported methods
to improve HAND even more dire.

Pharmacotherapy of HAND

Antiretroviral Therapies

The landscape of neuroAIDS treatment changed dramatical-
ly with the introduction of combination antiretroviral thera-
py (cART) in the mid 1990s. HIV-associated morbidities
(e.g., opportunistic infections) and mortalities declined rad-
ically (Centers for Disease Control 2010), largely due to
cART’s effectiveness in suppressing HIV RNA in plasma
and restoring immune functioning (Department of Health
and Human Services 2012), which has greatly improved
health-related quality of life. The immunovirologic benefits
of cART extend to the prevalence and severity of neurolog-
ical complications associated with HIV infection; for exam-
ple, the estimated prevalence of CNS opportunistic infection
and frank HAD has decreased significantly since the pre-
cART era (Heaton et al. 2010; Sacktor et al. 2001a).
Although the 30–50 % prevalence estimates of HAND have
remained largely stable over time, the majority of cases are
now less severe than previously observed, suggesting a
persistent level of mild-to-moderate, yet clinically relevant,
CNS involvement (Heaton et al. 2011). Interestingly, the
prevalence of HAND appears to have increased somewhat
in individuals with less severe immunovirologic HIV dis-
ease (Heaton et al. 2011). Beyond the lessened severity of
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HAND, the profile of neurocognitive impairment appears to
have evolved since the introduction of cART Heaton and
colleagues (Heaton et al. 2011) recently reported a shift from
primary deficits in the domains psychomotor speed and coor-
dination in the pre-cART era to impairments of episodic
memory and executive functions in the present treatment era.

Our increased understanding of the role of immunoviro-
logic factors (e.g., nadir CD4 counts) in the development of
HAND has helped to inform changes in cART management
guidelines. Previously, it was commonplace for physicians to
initiate cART only after a patient dropped below very low
immunologic thresholds (e.g., a current CD4 count below
200), given the numerous toxicities and complications that
can accompany cART (e.g., metabolic syndrome)
(Department of Health and Human Services, 2002). Yet with
the recognition that histories of significant immunocompro-
mise (e.g., low nadir CD4) increase risk of poorer neurocog-
nitive outcomes, regardless of current disease severity,
questions emerged about the potential neuroprotective value
of earlier HIV treatment (Ellis et al. 2011). Further supporting
the potential value of early treatment, neurocognitive impair-
ment can emerge during the acute and early period of HIV
infection (i.e., within the first year of seroconversion), partic-
ularly among persons with higher levels of viremia (Weber et
al. in press). As a result of these converging findings, current
practice standards typically suggest that physicians prescribe
cARTafter the diagnosis of HIV is made in order to prevent the
neuroinflammatory cascades associated with poor immune
functioning (Department of Health and Human Services
2012), and perhaps as a prophylaxis to HAND. In fact, the
initiation of cART has been associated with improvements in
white matter integrity (e.g., Wright et al. 2012) and neuro-
cognition (e.g., Joska et al. 2010), particularly in ART-naïve
individuals (e.g., Letendre et al. 2004) and those who experi-
ence restoration of CD4 counts (Al-Khindi et al. 2011).
Nevertheless, a recent meta-analysis suggests that the benefits
of cART on HAND effects may be quite modest (mean
Cohen’s ds range: 0.17–0.24), particularly among older adults
(Al-Khindi et al. 2011).

Antiretroviral Central Nervous System (CNS) Penetration

Nevertheless, the literature on cART’s effectiveness in re-
storing neurocognitive functioning in HIV in the modern era
is highly variable, likely due to a variety of factors including
issues related to study design (e.g., inclusion of persons
without HAND) and measurement of cognition (e.g., limited
test batteries). One very compelling candidate hypothesis
for these discrepant findings is the notion of drug penetrance
in the central nervous system (CNS) (Letendre et al. 2008).
The CNS may contain a reservoir of virus that can remain
largely untouched by many antiretrovirals (ARVs) (Iglesias-
Ussel and Romerio 2011), which is particularly important

due to the risk of poor health outcomes linked to detectable
HIV RNA in the cerebrospinal fluid (CSF; e.g., HAND;
Ellis et al. 2002). ARVs vary in their ability to cross the
blood–brain barrier and act upon the CNS viral reservoir.
Letendre et al. (2008) developed and validated the use of a
CNS penetration effectiveness (CPE) score, which rank
orders cART regimens in terms of their impact on the CNS
based on characteristics of drug pharmacological character-
istics (e.g., molecular weight), delivery (e.g., drug concen-
tration in CSF) and neurological outcomes (e.g., levels of
HIV in CSF). For example, an ARV with a smaller molec-
ular weight that produced high concentrations in CSF and
showed evidence of reducing the prevalence of neurocogni-
tive impairment received a higher CPE score, relative to a
drug with opposing characteristics. Individual ARV CPE
ranks were then summed for a given patient’s entire regimen
to produce an overall score (see Letendre et al. 2008 for
details). When examined across a cross-sectional cohort of
467 HIV-infected adults on cART, lower CPE ranks were
associated with greater CSF viral load, such that low CPE
scores were associated with a 3-fold increase in the odds of
having HIV detectable in CSF (Letendre et al. 2008). These
results are consistent with this group’s previous examina-
tions into the effects of CNS penetration of cART on cog-
nition, whereby individuals who initiated cART regimens
with better CNS penetration yielded greater levels of viral
suppression in the CSF, which in turn was associated with
improvement in global neurocognitive functioning
(Letendre et al. 2004); see also Smurzynski et al. 2011). A
recent quantitative review of the CPE literature showed
broadly medium effect sizes between penetrance and neuro-
cognitive outcomes in studies with rigorous methodologies,
with no evidence to suggest that higher CNS penetration
produces negative effects on cognition (Cysique et al. 2011).
Extending this work, Shikuma et al. (2012) recently dem-
onstrated that ARV regimens with greater efficacy on mono-
cytes/macrophages, which can transmigrate into the CNS
and play a role in neuroAIDS, were associated with better
neurocognitive performance in a large cross-sectional co-
hort. However, as this research is still in its infancy, it
remains hampered by some methodological limitations, in-
cluding cross-sectional designs, low statistical power, and
suboptimal randomization protocols (Cysique et al. 2011).
Results from well-designed randomized clinical trials of
CNS and monocyte efficacy (some of which are already
underway) will be necessary to support an evidence-based
practice recommendation in clinic.

Non-Antiretroviral Pharmacotherapy of HAND

Paralleling the numerous ARV-focused studies, clinical re-
search on a variety of non-ARV medications for HAND has
also produced largely mixed results. A handful of
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psychiatric medications used as adjunctive therapies have
shown early promise in managing HAND, suggesting that
these drugs prescribed for disorders often comorbid in HIV
infection may disrupt neurotoxic pathways in the CNS
(Ances et al. 2008). For instance, a single-arm study dem-
onstrated that administration of lithium, which in vitro stud-
ies suggest may be neuroprotective in HIV (Everall et al.
2002), was associated with restoration of global neurocog-
nitive functioning among 21 HIV-infected participants
(Letendre et al. 2006). This same group later reported that
HIV-infected adults prescribed serotonin reuptake inhibitors
(SRIs; i.e., citalopram, sertraline, or trazodone) were less
likely to have detectable CSF viral load and performed
significantly better on neurocognitive testing than those
not prescribed SRIs (Letendre et al. 2007).

Similar efforts have been made to test the efficacy of
neuroenhancing drugs on HAND, but with limited success.
Of note, at least five studies, even dating into the pre-cART
era, have attempted to harness the promising psychostimu-
lant properties of methylphenidate on HAND. However,
many of these studies have produced negligible effects
(e.g., no differential improvement relative to placebo; van
Dyck et al. 1997) or effects only on psychological symp-
toms (e.g., depression; Fernandez et al. 1995). In one of the
few positive study outcomes, Hinkin et al. (2001) found
improvements on computerized tasks involving choice re-
action time and dual task (i.e., simple and choice) reaction
time in a single-blind, placebo-controlled, crossover study
in HIV-infected individuals with depression and cognitive
slowing, suggesting that there may be specific aspects of
cognition that are responsive to methylphenidate (e.g., at-
tention, psychomotor speed). However, most non-ARV
medications that showed initial developmental promise in
pilot trials have not maintained the observed effects in
larger, more rigorous clinical trials. For instance, Sacktor
et al. (2001b) found improvements in verbal memory and
psychomotor abilities in 14 HIV-infected individuals treated
with transdermal selegiline in a randomized, placebo-
controlled, double-blind study. When expanded to a larger
sample with MRS-determined neural damage, no differen-
ces between treatment arms were observed after three and
6 months of treatment with selegiline (Schifitto et al. 2009).
A similar story has emerged with memantine, in which previ-
ous studies that demonstrated attenuation of hippocampal
damage in a rodent model of HIV encephalitis (Anderson et
al. 2004) did not translate to cognitive improvements in a larger
clinical trial in HIV-infected adults (Schifitto et al. 2007).

One inherent problem in the exclusive use of pharmaco-
therapy to improve HAND is that neurocognitive deficits
often are independently associated with medication nonad-
herence in HIV (Hinkin et al. 2002). In other words, one of
the primary symptoms of HAND (i.e., non-adherence) may
directly interfere with the fidelity and efficacy of its

prescribed treatment (i.e., an adjunct medication). It is esti-
mated that 40–50 % of individuals with HIV are nonadher-
ent to their ARVs (Nieuwkerk et al. 2001), which are
essential to prevent negative health consequences such as
viral rebound, development of drug-resistant viral strains,
more rapid progression to AIDS, and death (Arnsten et al.
2001; Bangsberg et al. 2000, 2001). Beyond psychosocial
factors such as social support and psychiatric illness, critical
neurocognitive functions like executive functions and epi-
sodic memory (e.g., prospective memory) are major risk
factors for nonadherence (Woods et al. 2009b). Therefore,
efforts focused exclusively on pharmacological interven-
tions for treatment of HAND may be at risk for failure due
to suboptimal adherence. Additionally, as opposed to the
markers used to judge ARV adherence via virologic control
(e.g., plasma viral load), it may be difficult for physicians to
gauge a patient’s adherence to such regimens, and patients
may lack concrete indicators of treatment benefit (e.g., CD4
count) that is more common in the culture of cART. Such
considerations open the door for development of primary
(and supportive) cognitive and behavioral strategies (e.g.,
cognitive rehabilitation) designed to improve neurocogni-
tion in this population.

Cognitive Neurorehabilitation of HAND

The absence of an optimal first-line clinical pharmacother-
apy for HAND has led researchers to begin exploring cog-
nitive and behavioral approaches. However, only three
studies have been published to date on cognitive neuro-
rehabilitation of HAND. In brief, the vast majority of cog-
nitive rehabilitation approaches across etiologies fall into
two categories: restorative and compensatory (see Fig. 2).
Restorative approaches rely upon the principle of neuro-
plasticity and propose that “drill-and-practice” of cognitive
skills will encourage more effective neural organization and
ultimately improved cognitive abilities (Wykes and
Spaulding 2011), based on principles of implicit and proce-
dural learning (Squire 1986). In contrast, compensatory
cognitive approaches do not directly aim to correct under-
lying cognitive deficits, but instead seek to improve cogni-
tive functioning by supporting damaged cognitive processes
with both internal (e.g., chunking) or external (e.g., cueing
reminders) strategies (Twamley et al. 2003). All three of the
HIV studies published thus far adopted a broad restorative
approach (i.e., not targeted at a specific cognitive mecha-
nisms) using proprietary computerized rehabilitation tools
(e.g., Captain’s Log). In this section, we review and critique
these three studies, along with a recent series of theory-
driven laboratory investigations designed to improve cogni-
tion in HIV that might serve to inform future work on
rehabilitation of HAND.
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Captain’s Log in Ugandan Children (Boivin et al. 2010)

The first study published on cognitive rehabilitation of HAND
was performed in a sample of HIV-infected children in
Uganda (Boivin et al. 2010). The authors aimed to establish
feasibility and proof-of-concept of Captain’s Log (Sandford
2007), a computerized cognitive rehabilitation training pro-
gram, in 60 Ugandan children (M age = 10 years) with
perinatal infection who had notable histories of immunosup-
pression (i.e.,M nadir CD4 = 35) and high current HIV RNA
levels in plasma. Although HAND diagnoses in this sample
were not reported, the HIV-infected cohort demonstrated sig-
nificantly lower neurocognitive performance at baseline rela-
tive to a seronegative comparison group. In a non-blinded
fashion, HIV-infected participants were randomized into ei-
ther a no-contact control (n=28) or intervention (n=30) con-
dition. The intervention sample underwent 10 45-min training
sessions with Captain’s Log modules targeting attention,
memory, visual motor, and logic over a period of 5 weeks.
Captain’s Log trainings vary across the separate cognitive
modules (e.g., Alternating Attention, Detailed Reading) but
generally include computerized game-like interfaces in which
positive feedback (e.g., money, points, or grade percentages)
is provided continuously for on-task behaviors such as in-
creased reaction time or accurate responding whereas random,
off-task responding is negatively reinforced (e.g., play is
halted and an error message presents). Adherence to the
intervention was high, such that as a group children in the
intervention attended 95% of the Captain’s Log sessions. Pre-
and post-intervention neurocognitive assessments were per-
formed using the Cogstate neuropsychological battery (Darby
et al. 2002). In an ANCOVA analysis with baseline Cogstate
performance included as a covariate, the intervention group
performed better significantly better than controls at post-
intervention on maze learning (Cohen’s d=0.77) and card
detection speed (Cohen’s d=0.69), but not maze chasing, card
identification speed, one card learning, or working memory
(median Cohen’s d=0.25; all ps>0.05). These results
remained significant even after adjusting for relevant cofactors
(e.g., age, gender, and SES). In addition, immune activation
(i.e., CD4 and CD8) was associated with improvements in
maze learning in the intervention group (r=0.38). These gains
on measures of simple attention and information processing
speed suggest the potential for neuroplasticity in children with
HIV that may be harnessed through restorative cognitive
neurorehabilitation, although the precise mechanism is un-
clear (e.g., typical neural development vs. neural recovery).
It is also unclear whether these results could generalize across
the lifespan in adults with HIV (i.e., for whom neuroplasticity
may be lessened) in different viral clades (e.g., viral strains
typically found in North America), or whether a longer period
of intervention may be more efficacious across speeded meas-
ures and generalize to other domains or abilities.

SmartBrain in HIV Seropositive and Seronegative Adults
(Becker et al. 2012)

Becker et al. (2012) published the second study on cognitive
rehabilitation of HAND. The authors examined the efficacy of
a multi-domain computerized cognitive stimulation program
(i.e., SmartBrain) in a partially randomized, non-blinded sam-
ple of 30 HIV-infected adults and 30 seronegative comparison
participants. Note that, although group assignment was ini-
tially random, it became non-random after 30 participants
were enrolled in order to meet recruitment goals and over-
come limitations in staff availability. The baseline neurocog-
nitive global scores for the HIV-infected sample were broadly
within normal limits (i.e., Heaton Global Impairment Rating
of approximately 3). In regards to HIV disease characteristics,
60 % of the sample were diagnosed with AIDS, 83 % were
currently prescribed cART, and the average current CD4 count
was 523; however, mean viral loads were in the detectable
range (i.e., 2.05 log10). Individuals assigned to the interven-
tion group were asked to use SmartBrain from their home
computer for 24 weeks, with initial session length at 10 min
that increased weekly to a maximum of 30 min. SmartBrain
(SmartBrain Technologies 2013) contains 14 game-like mod-
ules in the domains of memory, attention, gnosis, and execu-
tive functions. For example, “Placing the Colors” is a
visuospatial memory task in which individuals must recall
the location of colored circles within a presented grid after a
brief delay; the task includes continuous verbal feedback after
each circle placement in order to facilitate learning. All inter-
vention participants began training in each of the modules at
the lowest difficulty level, which was then adjusted to meet an
individual’s appropriate baseline performance, with subse-
quent performance-based adjustments over time. Pre- and
post-intervention neurocognitive assessments consisted of an
extensive battery of standard clinical tests of memory, lan-
guage, visuoconstruction, psychomotor speed, fine-motor
skills, and executive functions. Primary results from this study
revealed no significant effects of SmartBrain on global cog-
nitive outcomes, irrespective of HIV serostatus. However,
adherence to the intervention was suboptimal such that only
54 % of participants were able to use the program more than
once. Post-hoc analyses revealed that the subgroup of subjects
who engaged in the most training sessions demonstrated the
most improvement on the neurocognitive battery, suggesting
that this intervention may be effective for persons who are
able to use it as directed.

InSight in HIV-infected Adults (Vance et al. 2012)

Most recently, Vance et al. (2012) used a computerized
cognitive training program specifically designed to improve
speed of information processing in a sample of 46 middle-
and older-aged HIV-infected adults. In regards to HIV
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disease characteristics, the sample had an average current
CD4 count of 452 (with 52 % of the sample having nadir
CD4 counts of less than 200). It was reported that 70 % of
subjects had detectable viral loads despite 96 % of the
cohort being prescribed cART. Global cognitive functioning
of these participants was not reported. In a randomized, non-
blinded fashion, participants assigned to the intervention
group (n=22) underwent 10 1-h training sessions with
Posit Science’s “InSight” computer program (Posit Science
2013). This program consists of five games designed to
improve participants’ speed of information processing, with
visually presented material that becomes increasingly diffi-
cult (i.e., faster). For example, in “Bird Safari”, individuals
are shown a picture of a target bird, which has specific
characteristics (e.g., color of wing tips). The individual is
then shown a flock of birds in the sky and subsequently
needs to identify the location of the target bird in the sky
once the flock is removed. Additionally, performance is
continuously monitored and used to adjust the difficulty of
the tasks, such that better performance allowed an individual
to work on faster items and vice versa. Pre- and post-
intervention neurocognitive assessments occurred 5 weeks
apart and included the Useful Field of View (UFOV) test,
the Finger Tapping Test, the Wisconsin Card Sorting Test,
and the Timed Activities of Daily Living Test. Adherence to
the intervention was high such that participants in this group
completed an average of 9.3 out of 10 training visits (range:
2–10). The intervention group yielded baseline-to-post-test
improvements (relative to controls) on the Timed Activities
of Daily Living Test (Cohen’s d=0.42) and the Useful Field of
View Test (d=0.34). Of note, performance on the Wisconsin
Card Sorting Test was not different across the groups (d=
0.18), but the controls demonstrated greater improvement on
the Finger Tapping Test at follow-up (d=−.30). This lack of
training benefit on a test of executive functions was expected
by the authors and demonstrates specificity of this interven-
tion for informational processing speed abilities. However,
given the short time span of this intervention, it will be
important to determine whether the gains made from this
training may maintain beyond the training period.

Summary, Methodological Limitations, and Conceptual
Considerations

Taken together, these three studies provide promising early
evidence for the potential efficacy of restorative cognitive
rehabilitation approaches in HIV. All three studies demon-
strated at least some positive effects of computerized train-
ing programs on neurocognition in HIV-infected persons
across the lifespan. The magnitude of these effects was in
the medium range and was particularly evident for visual
learning (Boivin et al. 2010) and information processing
speed (i.e., Boivin et al. 2010; Vance et al. 2012), including

speeded tests of everyday functioning ability (i.e., TIADL;
Vance et al. 2012) (see Table 1). Benefit from these inter-
ventions did not generalize to other ecologically-relevant neu-
rocognitive domains, including executive functions (e.g.,
Vance et al. 2012) and working memory (e.g., Boivin et al.
2010). However, given the nature and design of these com-
puterized programs (e.g., restorative approaches that focus on
information processing speed training), this outcome would
not necessarily be expected.

Importantly, these studies establish proof of concept for
the use of cognitive rehabilitation in HAND. Beyond the
primary cognitive outcomes, it is encouraging to observe
relatively high adherence rates to two of the three time-
intensive interventions (i.e., above 90 %; Boivin et al.
2010; Vance et al. 2012), thereby supporting the feasibility
and acceptability of these computerized approaches for per-
sons living with HIV. The two studies with the highest
adherence rates used interventions that were designed to
be completed in the laboratory. On the contrary, Becker et
al. (2012) used a non laboratory-based intervention that
ultimately fared relatively less well in terms of adherence;
that is, only 54 % of individuals were able to log in, register,
and repeatedly access the training (the number of training
activities completed ranged from 0 to 941 [median = 112]).
This intervention was designed for home computer use via
the Internet, which was intended to improve access, but a
number of participants had problems using SmartBrain due
to slow Internet connection speed and server downtime.
Moreover, it has been estimated that as many as two-thirds
of HIV-infected persons may need assistance in using the
Internet (Mayben and Giordano 2007). Beyond barriers to
treatment due to the intervention itself, these feasibility
complications spotlight the importance of considering co-
hort characteristics (e.g., low SES) in the design of cognitive
interventions that will best interface with this population.
Nevertheless, the authors observed a dose–response rela-
tionship with intervention use, suggesting that if these ad-
herence barriers are overcome, an intervention like
SmartBrain may be effective in improving HAND for at
least some HIV-infected persons.

Additional methodological, statistical, and conceptual
limitations to these first few studies on cognitive neuro-
rehabilitation of HAND also deserve discussion as we look
toward the future. First, none of these studies utilized
HAND diagnoses as an inclusion criterion. This is important
because only about half of HIV-infected adults in the US
evidence diagnosable cognitive impairment; in other words,
these interventions may have been performed on HIV+
individuals who are not necessarily in need of cognitive
rehabilitation, therefore diminishing the likelihood of detect-
ing a clinically meaningful effect that is specific to HAND.
Future research will benefit from examining the impact of
such intervention protocols in the context of HAND in order
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to guide efforts to identify which rehabilitation techniques
are most helpful to those in greatest need of treatment. In
fact, this differential effect has been seen in prior pharmaco-
therapy studies of HIV, where globally null effects of Peptide
T were moderated by neurocognitive impairment, such that
only individuals with HAND evidenced neurocognitive gains
with treatment (Heseltine et al. 1998). That is not to say
variability and improvement in the normal range is not a
relevant consideration; indeed, neurocognitive vulnerabilities
may exist within the broadly “cognitively normal” HIV-
infected population and can adversely affect daily functioning
(Morganet al. 2012). For instance, excess performance vari-
ability within or between neurocognitive domains may be a
harbinger for incident HAND (e.g., Bielak et al. 2010).
Instead, the primary point is simply that careful consideration
of HAND-related inclusion criteria in study design and inter-
vention selection, and interpretation is essential.

Another notable methodological limitation of this litera-
ture is that none of the studies reviewed employed an active
control condition, but instead used no-contact control
groups. Inclusion of an active control group would allow
for comparison of the intervention of interest to an unrelated
condition that would not be expected to produce cognitive
gains and equates groups on exposure to general therapeutic
factors (e.g., generalized cognitive activity, therapeutic con-
tact). As such, a control condition is critical to help isolate
the “active ingredient” of the intervention of interest. For
instance, the Boivin et al. (2010) study used computer-based
neurocognitive outcomes to assess the effectiveness of a
computerized cognitive intervention, which exposed the
treatment group to numerous additional hours of computer
familiarity. In such resource-limited environments, it is pos-
sible that children in the intervention group improved over
time simply due to their increased exposure to the comput-
erized testing format. Although determining an appropriate
active control condition depends heavily on distinguishing it
from the rehabilitation target, examples of candidate active
control conditions that have been utilized in other popula-
tions include TV watching (e.g., Rass et al. 2012), general-
ized compensatory cognitive training (e.g., Pijnenborg et al.
2011), and low cognitive demand computer activities (e.g.,
Dickinson et al. 2010). Another approach to remedy such
methodological complications would be use of a cross-over
design, whereby individuals are randomly assigned to re-
ceive an intervention or control condition for a period of
time and then switch to the alternate condition (e.g.,
Bergquist et al. 2009). However, this design may be less
applicable for interventions for which the benefits of the
protocol are thought to be long lasting, or in which the
individual could employ lessons learned while engaging in
the control condition (e.g., continued use of newly acquired
compensatory strategies beyond the intervention). Lastly, an
important future methodological direction will be inclusion

of long-term follow-up evaluations to determine whether
cognitive interventions produce lasting benefits, as
evidenced by sustained neurocognitive gains at follow-up
sessions beyond the limits of the intervention period.

Another consideration for future studies is that the use of
generalized cognitive training protocols and analysis of global
cognitive indices may not identify the distal and proximal
mechanisms of neurocognitive improvement (i.e., effective
aspects of the treatment as well as domains of cognition in
HIV that are amenable to remediation). Furthermore, each of
these studies employs restorative (i.e., training-based) cogni-
tive rehabilitation computer program based on a bottom-up,
largely non-specific rationale. Information processing speed
was the primary focus of the studies reviewed above (e.g.,
Vance et al. 2012). However, processing speed deficits are not
only highly non-specific, but they are also less prevalent in the
current era of HAND (Heaton et al. 2011). An alternative
approach may be to use a top-down, theory-driven application
of cognitive psychology principles to guide intervention im-
plementation, as detailed below. Future research might aim to
design treatments to improvemore prevalent cognitive deficits
with greater ecological relevance (e.g., executive functions,
episodic memory). The signal detected by interventions
designed to improve these neurocognitive domains may yield
a robust and impactful picture of treatment efficacy in HAND.

Finally, the relatively small sample sizes and analytic
approaches used in these three studies may have, in some
instances, increased the risk of Type II error and diminished
the potential clinical impact of the findings. Future studies
with larger samples may benefit from more elegant statistical
modeling that may be more sensitive to subtle treatment
effects (e.g., repeated-measures ANOVA). Additionally, cog-
nitive rehabilitation outcomes studies should also consider the
application of standard clinical trials reporting (e.g., intent-to-
treat analyses) and analyses that provide greater clinical infor-
mation. For example, the calculation of effect sizes per cog-
nitive domain may lend valuable insight into relative gains, as
well as inform power analyses for prospective studies (Bezeau
and Graves 2001). Similarly, indices of reliable change should
be considered in order to determine the prevalence (and clin-
ical characteristics) of individuals whose neurocognitive func-
tioning improves (or declines) beyond the range of normal
variability in repeated testing (Duff 2012).

Future Directions

Beyond the restorative approaches to cognitive rehabilita-
tion utilized by the three studies detailed above, there are a
number of other established methodologies to improve neu-
rocognition that have shown effectiveness in clinical pop-
ulations (e.g., schizophrenia). Compensatory cognitive
training, for example, operates under the assumption that while
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cognitive deficits themselves may be less amenable to remedi-
ation, the functional effects of such impairment may be over-
ridden through the use of compensatory aids (Twamley et al.
2012). These strategies often include environmental adapta-
tions and tools (e.g., use of calendars and alarms) as well as
internally-driven strategies to support impaired neurocognitive
processes (e.g., chunking). Studies on the efficacy of compen-
satory cognitive training frequently demonstrate small-to-
medium effects on laboratory-based neurocognitive tests
(Wykes et al. 2011), with somewhat greater benefits on meas-
ures of everyday and psychosocial functioning (e.g., Velligan
et al. 2000). Furthermore, a multimodal approach involving
both cognitive interventions and pharmacotherapy (i.e., com-
bined compensatory and restorative approach) may prove to be
particularly efficacious; for instance, prescription of a high-
CPE cART regimen may improve core cognitive functions to
levels that allow for enhanced benefits from restorative or
compensatory cognitive rehabilitation interventions.

It also remains to be determined whether prophylactic
efforts may be made to stave off HAND in at-risk, but neuro-
cognitively normal individuals (see Fig. 2). First, identifica-
tion of protective factors may help inform protocols for
maintenance of cognitive health. One important factor to
consider is cognitive reserve, or the combination of innate
cognitive ability and life experience to stave off incident
neurocognitive impairments associated with aging or neuro-
logical disease (Stern 2012). Cognitive reserve has been iden-
tified as a protector for neurocognitive impairment (Basso and
Bornstein 2000), particularly as it relates to syndromic HAND
(Morgan et al. 2012). Using this logic, it is possible that
cognitive enrichment and mental activity may delay the de-
velopment of cognitive impairment (e.g., Treiber et al. 2011)
via increased neuroplasticity (Park and Bischof 2011).
Outside the scope of cognition-based interventions, a range
of lifestyle modifications (e.g., diet high in omega-3 fatty
acids; Luchtman and Song 2013) may also help to prevent
neurocognitive impairment. One example of such an interven-
tion is the implementation of physical activity regimens,
which is theorized to prevent cognitive decline in part through
the increased production of neuroprotective factors (e.g.,
BDNF; Foster et al. 2011). Physical activities as basic as
increased walking have yielded positive results on neurocog-
nitive performance in healthy older adults (Jak 2012). If
ultimately proven to be effect effective, cognitive and lifestyle
interventions such as these may ultimately play a role in HIV
standard of care treatment as a prophylaxis for HAND.

An Approach to Translating Observational
Neuropsychological Studies into Interventions

Although the paucity of literature on the rehabilitation of
HAND to date is somewhat discouraging, it also affords
researchers tremendous creative opportunities to draw upon

the advances in the rehabilitation of other conditions to
develop novel, effective, theory-driven approaches targeted
at the unique and specific features of HAND in the cART era
(e.g., deficits in episodic memory and executive functions).
There are two primary types of research that may help guide
future cognitive rehabilitation efforts for HAND from the
applied cognitive neuropsychology literature: 1) observa-
tional studies in which spontaneous compensatory strategy
use has been examined, and 2) studies examining rigorous,
theory-driven experimental manipulations of neurocognitive
paradigms (e.g., memory and executive functions) designed
to improve performance.

Observational studies of compensatory strategy use in
HAND provide an opportunity to evaluate techniques that
are naturally beneficial for some individuals with HIV in-
fection (e.g., may have good acceptability). For example,
the smaller impairment effect sizes that are typically ob-
served for structured, lower cognitively loaded tasks (e.g.,
recognition trials) versus organizationally demanding tasks
(e.g., semantic clustering during list learning) among indi-
viduals with HIV infection (Delis et al. 1995) may suggest
that deploying such higher-level strategies may bolster cog-
nitive performance (see Fig. 2). Relatedly, Woods et al.
(2010) demonstrated that older HIV-infected individuals
who spontaneously used a chunking strategy on a test of
visual working memory were less likely to commit errors
when asked to choose novel designs. This finding is consis-
tent with the broader clinical literature in that the effective-
ness of spontaneous strategy deployment to remediate
working memory dysfunction has been observed in healthy
older adults (e.g., Wegesin et al. 2000) as well as across
numerous clinical populations (e.g., mild traumatic brain
injury; Cicerone 2002). It is theorized that the use of meta-
cognitive (self-recognized and implemented) strategies min-
imizes the complexity of the working memory task (e.g.,
concurrent processing) and allows for deeper levels of
encoding, which in turn liberates cognitive resources that
may be used to facilitate higher levels of overall perfor-
mance. Although important in laboratory performance, it
remains unclear whether an individual’s spontaneous use
of a particular compensatory strategy in the laboratory will
generalize to regular strategy use in the performance of tasks
of everyday functioning. Along these lines, Weber et al.
(2012) demonstrated that older HIV-infected adults who
reported regularly utilizing compensatory strategies to aid
them in daily activities were significantly more likely to
remember to perform a naturalistic prospective memory task
(i.e., remembering to call the examiner) relative to non-
strategy users. The knowledge gained from such observa-
tional, cross-sectional studies is tempered by the obvious
design limitations (e.g., lack of randomization) that hinder
clear interpretation for findings. For instance, Blackstone et
al. (2012b) found that HIV-infected adults who reported
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greater use of adherence compensatory strategies also had
worse medication adherence, reported increased psychiatric
distress, and were dependent in their daily functioning. If
these data were taken from a prospective experimental de-
sign, they could suggest that compensatory strategies pro-
duce worse functioning outcomes. However, given the cross-
sectional nature of these data, it is not possible to determine
whether individuals with poor everyday functioning are
benefitting at all from such strategies (relative to their base-
line) and/or are using them effectively. Regardless of these
limitations, findings from these cross-sectional studies can
undoubtedly inform more rigorous prospective experimental
efforts in the cognitive rehabilitation of HAND.

Complicating the implementation and use of compensa-
tory strategy in adults infected with HIV is the role of
accurate metacognition and insight, as an individual must
be capable of recognizing his/her own cognitive strengths
and weaknesses as well as task characteristics that signal
that strategy use is necessitated. Metacognition involves the
capacity for introspection including accurate perception and
assessment of one’s everyday performance and its conse-
quences. Up to 50 % of people living with HIV show poor
insight into their neurocognitive abilities, in which cognitive
performance (e.g., executive and memory) does not corre-
spond with functional complaints (i.e., both over- and
under-estimating abilities). Notably, integrity of such meta-
cognitive abilities has been associated with better rehabili-
tation motivation and outcomes (Prigatano and Wong 1999)
as well as safe and independent functioning outside of
rehabilitation settings (e.g., vocational success) in other
populations. Metacognitive trainings employed in other pop-
ulations aim to teach individuals to self-regulate and monitor
thoughts and actions in order to gain control over one’s own
learning and behaviors (Sohlberg and Turkstra 2011), and
have proven successful for improving IADL functioning in
individuals with executive dysfunction (e.g., TBI). Future
research on such metacognition interventions in HIV may
therefore be indicated, not only to improve awareness and
decrease functional errors, but also to possibly enhance the
effectiveness of other cognitive rehabilitation efforts.

Experimental cognitive theory paradigms, on the other
hand, provide an opportunity to explore specific mecha-
nisms that may be leveraged to enhance HIV-associated
neurocognitive impairments and minimize their functional
consequences. Although such approaches have been widely
used in other clinical populations (e.g., multiple sclerosis),
we are aware of only two such studies in HIV infection. One
such technique is the application of the generation effect,
more frequently studied in healthy young adults, to improve
verbal recall in this population. A recent study demonstrated
the effectiveness of a self-generation intervention in HIV
(Weber et al. 2012), whereby participants were presented
with word pairs in either a didactic format (i.e., explicitly

presented) or a self-generated condition, which is theorized
to facilitate memory recall by deepening encoding of the
information to be remembered (Slamecka and Graf 1978).
In the self-generation condition, individuals were presented
with a complete first word of the pair, but only the first letter
of the second word is presented (Basso et al. 2006). To
generate the second word, the participant is provided a
semantic cue that delineates a relationship between the
paired word associates. For example, a didactic presentation
of a word pair might be “drive – car”, whereas the parallel
self-generation condition would be “drive – c___”. In the
latter case, an individual would be asked to generate a word
beginning with ‘c’ that is semantically related to the word
“drive”. Self-generated encoding has also been used in
numerical formats (e.g., addition; 2 + 2 = __), which has
demonstrated robust effects on improving memory (average
effect size = 0.92; Bertsch et al. 2007). In this study, self-
generation improved recall and recognition memory perfor-
mance in HIV-infected adults by over one standard devia-
tion. Moreover, on self-generated trials, the HIV sample
performed comparably to the level of seronegative adults
without any aid, suggesting that this manipulation may help
to normalize their episodic memory deficits. Clinically, self-
generation could be applied by encouraging patients to
generate the aspects of their treatment that they will need
to remember (e.g., appointment times, treatment goals).

Another area in which this experimental approach has
show modest success in HIV infection is category cueing to
promote enhanced verbal fluency, which stemmed from
studies indicating that lexicosemantic switching is the pri-
mary cognitive mechanism driving HIV-associated noun
fluency deficits (Iudicello et al. 2008; Woods et al. 2004).
Iudicello et al. (2012) devised a manipulation to a stan-
dard fluency paradigm in which individuals were promp-
ted with a lexicosemantic subcategory every 15 s (e.g.,
supermarket items; see Drane et al. 2006 for details),
which was theorized to minimize demands on switching
(i.e., strategic search and retrieval mechanisms). In a
within-subject design, HIV-infected adults generated more
total words when explicitly cued to switch than in the
control non-cued condition (Hedge’s g=0.22). Of clinical
relevance, the HIV group’s performance in the cued trial
did not differ significantly from that of demographically
comparable seronegatives in the standard condition, sug-
gesting a possible normalization of the fluency deficit.
This study helps illustrate the use of observational mech-
anistic findings at the domain level to inform the devel-
opment of experimental approaches to overcome those
deficits via simple compensatory manipulations in the
laboratory. Importantly, supporting such processes may
not only improve cognitive scores in HIV-infected per-
sons, but may also be effective in achieving normalization
of performance.
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This work is rooted in a tradition of translating cognitive
neuropsychological theory into effective cognitive remedia-
tion paradigms, which have been employed in other popula-
tions, such as multiple sclerosis (MS), and may serve to
inspire future work in HIV. For example, Goverover et al.
(2009) demonstrated that the spacing effect, the distribution of
information over time, was effective in improving delayed
retrospective memory performance in adults with MS. The
benefit of manipulating the form of spaced learning was
highlighted by Sumowski et al. (2010). This study observed
enhanced performance on tests of delayed verbal recall when
participants were tested with the learned material over time
(i.e., retrieval practice, or the testing effect), as compared to
simply restudying the information. Additionally, the effective-
ness of self-generation has been extended to the learning and
memory of information involved in activities of daily living
(e.g., managing finances; Goverover et al. 2008). Learning
and memory performance in this population may also be
enhanced using the Story Memory Technique, which utilizes
visual imagery to enhance encoding and recall of verbal
information (Chiaravalloti et al. 2005).

Similar lessons may be learned through examination of
cognitive rehabilitation literature in traumatic brain injury,
particularly as it relates to the improvement of executive
functions. For example, a number of studies have validated
the efficacy of Goal Management Training (GMT; Levine et
al. 2000; Robertson 1996) to remediate executive deficits in
traumatic brain injury. GMT is a structured, manualized reha-
bilitation protocol that trains individuals to examine all aspects
of goal-directed behavior, including environmental assess-
ment, goal selection, encoding and retention of those goals,
and monitoring of the performed action for consistency with
the stated goal. Across several studies, GMT has been associ-
ated with improved neurocognitive performance on standard-
ized tests of executive functions (e.g., Tower Test; Levine et
al. 2011) as well as improved performance (e.g., reduced
errors) on everyday tasks in the laboratory (e.g., classifying
a list of objects; Levine et al. 2000). Extending such
executively-driven interventions to other cognitive domains,
Fish and colleagues (Fish et al. 2007) demonstrated that a
content-free cueing paradigm (i.e., simply providing a previ-
ously learned acronym “STOP!” to initiate strategy use) im-
proved everyday prospective memory performance through
increased monitoring, theoretically due to the support of im-
paired strategic functioning. Overall, given the overlap be-
tween neurocognitive profiles in these populations, the
efficacy of rehabilitation techniques such as these should be
examined in the context of HAND.

Rehabilitating Everyday Functioning Outcomes

Although the translation of observational studies to exper-
imental improvements in the laboratory represents an

important first step in the rehabilitation of HAND, ensur-
ing the ecological value of these findings as concerns real-
world health outcomes is a major challenge. To date, there
is one study that has used cognitive techniques to improve
functional outcomes in HIV. Neundorfer and colleagues
(2004) demonstrated the effectiveness of a spaced retrieval
intervention (coupled with external aids) in the self-
reported success of pre-specified goals for everyday activ-
ities (e.g., remembering to take medications). In this in-
tervention, individuals are asked to recall the content of
the intention to be remembered when cued, with correct
performance yielding increasingly longer duration between
testing cues, until the patient is able to correctly recall the
intention without error at 3 consecutive subsequent testing
sessions. As compared to the spacing effect (e.g.,
Sumowski et al. 2010), which simply seeks to distribute
learning over time in a static fashion, spaced retrieval acts
as a behavior-shaping paradigm that rewards closer
approximations to the correct response, in which practice
of material is concordant with an individual’s success.
Two months after their intervention, 60 % participants
were able to recall their first previously stated intention,
and 89 % were able to recall their second intention,
suggesting that spaced retrieval and other cognitive tech-
niques may be effective to improve real-life recall abilities
in individuals with HIV. The importance of this transla-
tional bridge cannot be overstated, as cross-sectional re-
search has clearly shown that many primary tasks of
independent living and health maintenance are heavily
reliant upon intact neurocognition in HIV infection. For
instance, van Gorp et al. (2007) found that memory func-
tion was the strongest neuropsychiatric predictor in HIV-
infected adults who were able to successfully return to
work. The usefulness of this translation from the labora-
tory to life will be especially important within the domain
of medication adherence. Currently, there exist numerous
intervention studies that seek to address nonadherence
using a range of techniques, from cognitive-behavioral
therapy (e.g., Weber et al. 2004) to personalized text
messaging (e.g., Hardy et al. 2011). While a proportion
of these intervention studies have demonstrated efficacy in
improving adherence and important disease indicators
(e.g., plasma viral load), the impact of these interventions
are often short-lived and limited to the duration of the
intervention period (e.g., Hardy et al. 2011). Clinical and
theory-driven neuropsychological approaches to such re-
search are largely absent, despite considerable evidence
that memory and executive deficits play a major role the
effectiveness of remembering to take one’s medication
(Zogg et al. 2012). In one of the few adherence studies
to use such an approach, Andrade et al. (2005) found
that HIV-infected individuals with memory impairment
benefited more significantly from recorded verbal
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prompts than in those with intact memory functioning.
As in this study, examining neurocognition as a covariate
in future such interventions will be helpful to determine
whether these strategies are effective in those for whom
it is most indicated, as well as to explore the cognitive
mechanisms of intervention success. Not only will such
analyses assist with the generalization of adherence inter-
ventions to HIV-infected individuals of varying cognitive
capacity, but will also help to fine-tune and boost the
efficacy of these interventions by identifying the most
beneficial “active ingredient” in multi-component strate-
gies such as texting.

Conclusion and Call to Action

The development, validation, and clinical deployment of
efficacious treatments for HAND, including cognitive neu-
rorehabilitation approaches, is a clear priority for clinical
neuroAIDS investigators. HIV-associated neurocognitive
impairments remain prevalent in the cART era and ad-
versely affect a host of everyday activities and HIV health
outcomes. Although only a few studies have begun to
evaluate the effectiveness of cognitive approaches to treat-
ing HAND, their initial results are encouraging, provide
important information regarding proof-of-principle, and
can directly inform future work. We are aware of a few
NIH-funded cognitive rehabilitation studies in neuroAIDS
that are presently under way, ranging from training fellow-
ships to Phase I clinical trials. For example, our group
recently launched a three-phase, multi-site, translational
study to target (in the laboratory), develop (in the clinic),
and test (in the field) a theory-based prospective memory
intervention for cART non-adherence in HIV-infected
youth at risk for substance abuse. The long-term transla-
tional goal of such work is to integrate empirically-based
cognitive treatments of HAND into clinics, which may be
challenging given the difficulties inherent in screening for
HAND (Valcour et al. 2011) and the limited resources for
(and awareness of) cognitive rehabilitation services
(Herlihy et al. 2012). Nevertheless, the scientific quest to
discover effective cognitive, behavioral, and/or pharmaco-
logical therapies for HAND remains paramount and car-
ries with it the potential to positively impact the lives of
persons living with HIV infection, their care providers,
and the healthcare system.
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