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S ince the introduction of HAART (highly active antiret-
roviral therapy), the course of human immunodeficiency 

virus (HIV) has transformed dramatically from an incurable 
fatal disease to a chronic treatable 
disease. Following this change, the 
focus has turned from treating the 
acute complications of the disease 
(usually opportunistic infections) 
to managing long-term complications, such as diseases of the 
cardiovascular, renal, osteological and central nervous systems. 
These complications are due to numerous factors, including the 
long-lasting inflammatory response, the HIV infection itself, 
HAART-related adverse events, host genetics, socioeconomic 
factors, and the combination of some of the above factors [1]. 

HIV-associated dementia (HAD), the most severe manifes-
tation of HIV-associated neurocognitive disorders (HAND), 
occurred at the start of the AIDS epidemic primarily in 
patients with advanced HIV disease and low CD4 cell counts 
[2]. The wide use of HAART since the mid-1990s has had a 
major influence on the treatment of HIV infections, but its 
impact on HAND is less clear. In the HAART era, a significant 
decrease in the incidence of HIV-associated dementia has been 
reported [1]. However, the prevalence of less severe forms of 
cognitive impairment has increased (ranging from 20% to 50%, 
depending on the neurocognitive tools and definitions used) 
and is consistently higher than in the general population [3]. 
HAND, even in its mild form, is associated with lower medica-
tion adherence, a decreased ability to perform the most com-
plex daily tasks, poorer quality of life, and difficulty obtaining 
employment [4]. Moreover, HIV-infected individuals with mild 
cognitive impairment may have an increased risk of dementia 
and death. In addition, as patients treated with HAART survive 

into older ages, it is expected that the prevalence of neurocogni-
tive impairment in the aging HIV-infected population will rise 
due to the increase in concomitant age-related diseases (diabetes 
mellitus, cardiovascular disease) and age-associated degenera-
tive diseases of the central nervous system (CNS) (Alzheimer’s 
disease, Parkinson’s disease) [5].

Prevalence and nomenclature

In the HIV-infected individual, neurocognitive abnormalities 
can occur as a result of emotional and behavioral disturbances 
(e.g., depression, anxiety, sleep disorders, mania, and psy-
chosis), secondary to co-infections, cerebrovascular disease, 

malnutrition, substance abuse, and 
treatment-related disorders [6]. In  
contrast, HIV-associated neurocog-
nitive disorder (HAND) is a pri- 
mary neurocognitive abnormality 

in HIV-infected individuals.
HAND is divided into three sub-disorders (also known as 

the Frascati criteria) [Figure 1] [2]: 
•	 Asymptomatic neurocognitive impairment (ANI): abnor-

mality in two or more cognitive abilities with no functional 
impairment

•	 Mild neurocognitive disorder (MND): cognitive impairment 
with mild functional impairment

•	 HIV-associated dementia (HAD): marked cognitive impair-
ment with marked functional impairment.

Neurocognitive impairment still occurs 
in HIV-infected individuals even in  

those treated with highly active  
antiretroviral therapy (HAART) 

figure 1. HIV-associated neurocognitive disorders (HAND): Frascati criteria

Courtesy of Dr. I. Grant for the HNRP Group, University of California, San Diego, CA, USA
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It is difficult to estimate the exact prevalence of this 
disorder due to the wide range of disorders covered by the 
definition of HAND. Thus, knowledge of the prevalence and 
incidence of HAND is based on a few key observational stud-
ies. According to one of the estimations [7], the prevalence 
of HAND in the pre-HAART era (before 1996) was found 
to be around 35% with 14% suffering from HAD, 5% from 
MND and 16% from ANI. While the overall prevalence did 
not change significantly during the HAART era (44%), HAD 
was found to affect only 2% of the HIV-infected individuals 
while MND affected 10%, and ANI was found in 32% of the 
cohort. In the Swiss HIV cohort, in the HAART era, 27% of 
patients had complaints about cognitive function and 73% did 
not, with neuropsychological testing showing neurocognitive 
impairment in 84% of those with complaints and 64% of those 
without (69% of the total clinic population). Among those 
with complaints, 24% had ANI, 52% had MND, and 8% had 
HAD, with only 16% not having measurable impairment [8]. 
The prevalence of similar cognitive impairments was found 
to be significantly higher in HIV-infected individuals when 
compared to HIV-seronegative age-matched subjects during 
the same periods [4]. 

Pathogenesis

The precise pathogenesis of HAND is still unknown. In recent 
years our knowledge gaps have narrowed due to extensive 
research. It is well known that damage and death of neural cells 
in the brain is associated with the development of neurocog-
nitive impairment. Since the infection of neural cells by HIV 
itself is limited, it is accepted that most of the damage leading 
to clinical HAND is the result of secondary events following an 
HIV infection [9]. 

HIV enters the brain primarily by migrating monocytes 
and lymphocytes that cross the blood-brain barrier (BBB), 
known as the “Trojan horse” 
mechanism. In the brain, HIV-
infected monocytes turn into 
perivascular macrophages. As 
a result of HIV replication, acti-
vated macrophages and microglia express neurotoxic molecules 
(soluble immune mediators) that activate astrocytes; these acti-
vated astrocytes lead to increased BBB permeability and further 
monocyte and lymphocyte migration [10]. 

Two models, direct and indirect, explain the neurodegen-
eration and development of neurological symptoms in HAND 
[11]. Both models require that HIV initially infect the peri-
vascular macrophages and microglia in the brain. The direct 
model proposes that viral proteins released from infected 
monocyte-derived cells can cause neuronal death through 
the direct interaction of viral proteins with neurons (gp 120, 
Tat and Vpr). The indirect model suggests that neuronal 

death is mediated by the inflammatory response mounted by 
inflammatory cells against the HIV infection and against HIV 
proteins released by directly infected cells [12]. Macrophages 
and microglia that are activated (because of HIV infection or 
exposure to viral particles) secrete a wide range of mediators: 
quinolinic and arachidonic acids, nitric oxide (NO), platelet-
activating factor, superoxide anions, matrix metalloproteases, 
chemokines, growth factors, and pro-inflammatory cyto-
kines including tumor necrosis factor (TNF). Some of these 
molecules, such as growth factors (i.e., brain-derived neuro-
trophic factor) and some β-chemokines (RANTES: regulated 
upon activation-normal T cell expressed and secreted), are 
believed to play a neuroprotective role. Other molecules have 
proven to be neurotoxic. Additionally, other substances and 
cytokines that are released during this process, such as NO 
and TNF, impair the neuroprotective functions of astrocytes 
(maintenance of the BBB and glutamate reuptake) and increase 
the rates of astrocytic apoptosis [10,13].

The concomitant release of excessive excitatory amino acids 
such as glutamate (a neurotransmitter that is an excitatory 
neurotoxin at high levels), and other N-methyl-D-aspartate 
glutamate receptor (NMDAR) agonists in association with a 
reduction in glutamate re-uptake as seen in HIV infection, 
can create an excitotoxic environment that results in excessive 
activation of NMDAR. Consequently, intraneuronal Ca2+ con-
centrations reach toxic levels, which results in the production 
of free radicals, including reactive oxygen species (ROS) and 
NO, and in neuronal death [14-16]. 

Recently, the role of inflammation and monocyte activation 
in the process of secondary damage to end organs and especially 
to the CNS focused on the central role of bacterial products 
such as lipopolysaccharide (LPS) translocating from the gut 
[17]. Elevated systemic LPS levels and immune activation in 
chronic HIV infection resulting from microbial translocation 
are associated not only with HIV-induced depletion of gut-

associated lymphoid tissue but 
presumably also have effects on 
HAD. It has been demonstrated 
that individuals with HAD ex- 
press higher levels of circulating 

activated CD14 and monocytes that co-express CD69 when 
compared with individuals without HAD. Hence the hypothesis 
that these activated monocytes (due to microbial translocation) 
enter the brain and subsequently initiate neurotoxin production 
[17,18]. Further, an association between plasma soluble CD14 
(sCD14) and cognitive dysfunction in HIV infection has also 
been shown. 

The association between the abundance of activated 
macrophages/microglia in the CNS and neuronal damage 
and cognitive dysfunction suggests that neuroinflammation 
resulting from systemic immune activation and/or inflamma-
tion triggers the neurodegeneration observed in HAND [10]. 

HAND defines three categories of disorders: 
asymptomatic neurocognitive impairment 
(ANI), mild neurocognitive disorder (MND) 

and HIV-associated dementia (HAD) 
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suggested that as part of the routine assessment of HIV-infected 
individuals, three screening questions should be posed [31]:

•	 Do you experience frequent memory loss (e.g., do you for-
get the occurrence of special events, even the more recent 
ones, appointments, etc.)?

•	 Do you feel that you are slower when reasoning, planning 
activities, or solving problems?

•	 Do you have difficulties paying attention (in a conversa-
tion, reading a book, or watching a movie)? 

Positive screening (a “yes” response to any of these ques-
tions) should be followed by a complete neuropsychological 
(NP) examination (assessment of at least five cognitive abilities 
– fluency, executive functions, speed of information process-
ing, attention/working memory, verbal and visual learning and 
motor skills – with at least two tests per ability). 

Treatment

HAART is currently the only treatment for HIV-infected indi-
viduals with neurocognitive complications. While treatment 
with HAART affects the incidence of HAD, it cannot completely 

prevent the progression of neuro-
cognitive decline [4]. Not all the 
drugs used to treat HIV penetrate 
the brain equally. A number of 
drug characteristics influence pen-

etration across the BBB: drugs highly bound to plasma proteins 
are less available to cross the BBB, while fat soluble and low 
molecular weight drugs favor the crossing of the BBB [32]. 

The CHARTER (CNS HIV Antiviral Therapy Effects 
Research) group was one of the first to publish data on CSF 
pharmacokinetics of antiretroviral drugs. Using CSF viral load 
data from 615 patients, they constructed a CNS penetration-
effectiveness (CPE) ranking system for antiretrovirals [Table 
2] [6]. In their work, higher CPE scores were statistically sig-
nificantly associated with lower CSF viral loads (higher num-
bers indicate better estimated penetration; for combination 
regimens, the scores for each drug were added). Further work 
demonstrated that a cutoff of CPE score > 7 was associated with 
a statistically significantly smaller proportion of patients having 
a detectable viral load in the CSF [33]. Other observational and 
uncontrolled interventional studies support the concept that 
antiretroviral regimens that penetrate the CNS effectively are 
more likely to reduce HIV RNA levels in the CSF [34]. However, 
the evidence that antiretroviral regimens that effectively pen-
etrate the CNS also protect the brain from HIV-related injury 
and prevent or reverse neurocognitive function is controversial 
[35]. For example, in one study of 37 patients, higher CPE of 
an antiretroviral regimen was associated with lower CSF viral 
load and better performance in neuropsychological studies 

Host viral interaction

As HIV invades and replicates in the brain of most HIV-infected 
individuals, studies have shown that both host and viral factors 
may contribute to the development of HAND in some HIV-
infected individuals but not in others [9]. Host factors include 
genetic predisposition (apolipoprotein E e4 alleles, polymor-
phism in the MCP-1 gene), metabolic disorders (e.g., insulin 
resistance), aging, vascular disease, anemia, and malnutrition 
[19]. Recent data on phosphorylated Tau protein and other 
age-related markers show that the levels of these markers in the 
cerebrospinal fluid (CSF) of HIV-infected patients are compa-
rable to those in non-infected subjects who are 15 to 20 years 
older [20]. Factors that are HIV associated and contribute to 
the development of HAND include AIDS, immune activation, 
HIV subtype, neuroadaptation, drug resistance, and CD4+ 
nadir [21]. 

Comorbidities and behavioral factors can also influence 
HAND. Consumption of drugs such as methamphetamine and 
cocaine, common in some HIV-infected populations, can have 
persistent adverse effects on the CNS. Hepatitis C (HCV) and 
HIV co-infection was found to be an independent risk factor 
for developing HAND. HCV can infect glial cells. Although 
only approximately 10% of HCV-
infected patients have detectable 
HCV RNA in their CSF (and typi-
cally at low levels), high levels of 
HCV core antigen can be found in 
a much larger percentage of patients. The core antigen is highly 
immunogenic and may be a stimulus for brain injury [22]. 

Screening and diagnosis

The recognition that HAND is a highly underdiagnosed 
problem in the HIV-positive population (especially in its 
milder forms, ANI or MND) should prompt early screening 
to detect these patients. 

A range of tests are available for use in the clinic to assess 
neurocognitive function, some of which are relatively simple 
and brief [Table 1] [3]. For example, symptom questionnaires 
(Medical Outcomes Study–HIV Health Survey MOS-HIV and 
the Patient’s Assessment of Own Functioning Index – PAOFI) 
are self-administered and can be completed by the patient 
in the waiting room before meeting with the physician, thus 
serving as a baseline tool for basic evaluation, subsequent 
follow-up and further comprehensive evaluation. Longer and 
more detailed screening tests (which require 5 to 10 minutes to 
complete) include the HIV Dementia Scale, the International 
HIV Dementia Scale, and the Montreal Cognitive Assessment 
[23-30]. 

The European AIDS Clinical Society recently emphasized the 
need for identification of those patients at risk for HAND and 

To prevent or reverse HAND, therapy with 
drugs with high central nervous system 

penetration effectiveness score  
(CPE) should be considered



REVIEWS

 57

IMAJ • VOL 17 • JANUARY 2015

of drug resistance. The therapeutic window for antiretroviral 
therapy in the CNS may thus be defined as the range of CNS 
drug concentrations that are associated with keeping damage 
below the clinical cognitive threshold and that do not expose 
patients to excessive risk of neurotoxicity from the drug. 

A unique way to reduce indirect CNS toxicity can be dem-
onstrated with the use of maraviroc. Maraviroc, the first CCR5 
inhibitor approved for HIV treatment, itself has limited effect 
on the CNS (CPE score of 3). Maraviroc is known to accumu-
late in high concentration in the gut-associated lymphocytic 
tissue (GALT). Given the previously discussed finding that a 
compromised bacteria- or endotoxin-leaking gut may promote 

than patients on regimens with lower CPE scores. On the other 
hand, other studies failed to show improvement in cognitively 
impaired patients who received regimens with higher CPE 
scores [36]. These findings raise the issue of potential antiretro-
viral therapy-related neurologic toxicity and highlight the need 
for careful consideration of treatment strategies based on better 
CNS penetration. 

The goal of antiretroviral therapy in patients with HAND 
is to achieve adequate drug levels in the CNS without causing 
drug-related neurotoxic effects. If drug levels in the CSF are too 
low, there is greater risk of damage caused by viral replication 
and ongoing immune activation, as well as the potential risk 

Table 1. Available tools and tests for HIV-associated neurocognitive disorders (HAND) screening [3]

Tool or test Description of the test Advantages Limitations

HIV Dementia 
Scale (HDS)

A validated brief screening tool designed 
primarily for use in outpatient clinics 
to identify dementia in people with 
HIV, using NP tests of motor speed, 
concentration and memory

•	 Very fast to administer (3–5 minutes)
•	 Very fast to score and interpret
•	 Excellent specificity

•	 Modest sensitivity (80% when the score was ≤ 10 for a maximum of 
16 points) leading to high rates of false negatives. High sensitivity for 
HAD, but HAD is relatively rare in successfully cART-treated patients

•	 Requires a trained examiner to assess anti-saccadic eye movement
•	 Not sufficiently sensitive to detect mild HAND, particularly in highly 

educated individuals in whom the use of demographically corrected 
norms or a cutoff of 14 points may be useful

•	 Alphabet writing and cube-copying tests may be difficult for those 
with a non-Western educational background; the IHDS is more 
appropriate in these cases

International HIV 
Dementia Scale 
(IHDS) 

A sensitive and rapid screening test 
for HIV dementia, which relies on 
assessment of motor speed and 
psychomotor speed. It includes three 
subtests: timed finger-tapping, timed 
alternating hand sequence test, and 
recall of four items at 2 minutes

•	 Very fast to administer and score. Can be 
conducted in 2–3 minutes and only requires 
a stopwatch

•	 Demonstrated appropriate sensitivity and 
specificity for screening for dementia

•	 Does not require a trained examiner
•	 Does not require proficiency in English
•	 Can be easily applied in different settings 

and cultures

•	 Limited ability to detect milder forms of HIV-associated 
neurocognitive impairment and distinguish between different stages 
of HIV dementia

•	 Additional research is needed to determine appropriate cutoff values 
in different clinical and geographic settings. 

•	 Additional research needed on the role of depression in performance 
and scoring

Total Recall 
measure of the 
Hopkins Verbal 
Learning Test-
Revised 

Originally developed to detect 
dementia, it has been shown to measure 
neurocognitive impairment in HIV. In 
particular, it can be used to detect verbal 
learning and retrieval deficits

•	 Has six alternate forms, reducing potential 
practice effects and enabling its use in 
follow-up and monitoring of neurocognitive 
changes over time

•	 Easy and fast (4 minutes) to administer
•	 Good test for assessing patients with severe 

peripheral neuropathy and/or extreme motor 
limitations

•	 Must be administered by a trained examiner
•	 Must be scored and interpreted by a trained psychologist or 

neuropsychologist
•	 Scoring and interpretation must be based on adequate normative 

data (i.e., data appropriate to the individual being assessed)

Grooved Pegboard
Test 

Test of manipulative dexterity requiring 
complex visual-motor coordination

•	 Difficult to use in patients with severe peripheral neuropathy and/or 
extreme motor limitations

•	 Requires equipment, although the cost is relatively low (US$100), and 
stopwatch

•	  Must be scored and interpreted by a trained psychologist or 
neuropsychologist

•	 Scoring and interpretation must be based on adequate normative 
data (i.e., data appropriate to the individual being assessed)

Executive 
Interview

Developed and validated in geriatric 
patients and patients with Alzheimer’s 
disease as a brief assessment of frontal 
or executive neurocognitive function. 
Has been shown to be significant 
individual predictor of dementia in 
hospitalized patients with HIV

•	 Has good internal consistency
•	 Correlates with other measures of executive 

neurocognitive function
•	 Not affected by age or gender

•	 Less sensitive than HDS
•	 Lower education was associated with an increased risk of incorrect 

classification of dementia
•	 Accuracy in mild HAND

Cognitive 
functional
status subscale 
of the (Medical 
Outcomes Study 
HIV Health Survey: 
MOS-HIV) 

MOS-HIV is a widely used instrument to 
assess QoL in patients with HIV.  Best 
use may be as a screening instrument 
to select those subjects whose self-
reported neurocognitive functional 
status warrants formal NP test evaluation

•	 Sensitive to changes in NP test performance 
in early disease 

•	 Sensitive to neurocognitive behavior that 
involves neurocognitive or psychomotor 
speed

•	 No sensitivity to attention and only limited sensitivity to memory 
function

•	 Accuracy in mild HAND has not been reliably shown

NP = neuropsychological, QoL = quality of life
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the development of HAND [15], protection of the GALT by 
maraviroc could potentially indirectly contribute to the treat-
ment or prevention of HAND [37]. 

Besides the use of HAART, other drugs such as antioxi-
dants, serotonin reuptake inhibitors (SRI: citalopram, par-
oxetine), lithium, valproic acid and selegiline (monoamine 
oxidas-B inhibitor) have been tested as adjunct treatments 
of HAND and were found to have limited beneficial effect 
[4,9]. Minocycline, a tetracycline-type antibiotic, has been 
shown to suppress SIV in monkey brains via a mechanism 
that involves inhibition of apoptosis signal-regulating kinase 
(ASK)1 and is one of the drugs being tested for clinical use 
in humans [9]. Lately, HMG-CoA reductase inhibitors (e.g., 
atorvastatin, simvastatin) have gained interest because of 
in vitro evidence of modulation of the immune system, of 
cell activation, and possibly of HIV replication. However, 
two small studies of HIV-infected individuals did not show 
any appreciable effect of atorvastatin on levels of HIV RNA 
or markers of immune and cellular activation in the CSF. A 
larger cross-sectional study investigating several statins also 
failed to show an effect on CSF HIV RNA or neurocognitive 
performance [38].

Additional potential therapeutic options for HAD are 
being explored, including erythropoietin (EPO), insulin-like 
growth factor, neurotrophins, antibiotics, inhibitors of p38 
MAPK, and blockers of Ca2+ ion channels, and are awaiting 
further evaluation [9].

Due to the paucity of evidence, the current recommenda-
tions for the treatment of HAND are to consider the use of an 
antiretroviral combination with higher CPE score for those 
HIV-infected patients with HAND (HAART-naïve patients 
or HAART-experienced patients who are currently treated 
with a low CPE HAART combination), and in HIV-infected 
individuals treated with HAART and achieving full suppres-
sion of the virus in the plasma (viral load < 50 copies/ ml) 
but not in the CSF (“CSF escape”) [26]. 

Summary

Neurocognitive impairment still occurs in the era of HAART, 
though its onset appears to be delayed and its severity 
reduced, while HIV-infected individuals live longer with the 
infection. HAND defines three categories of disorders accord-
ing to standardized measures of dysfunction: asymptomatic 
neurocognitive impairment (ANI), mild neurocognitive 
disorder (MND), and HIV-associated dementia (HAD). The 
pathogenic mechanisms underlying HAND involve host and 
virus characterizations and interactions and seem to depend 
heavily on the overall condition of the immune system. Since 
there are insufficient data at this point to determine the best 
therapeutic approach, and since HAART apparently is not 
sufficient to prevent or reverse HAND, therapy with a com-
bination of drugs with high CPE should be considered while 
adjunctive and alternative therapies are being explored.
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With approximately 60% of cardiac events occurring in pa- 
tients of low or moderate risk, doctors need new biomarkers 
to accurately predict which of their patients will develop 
disease. Antibodies targeting the protein apolipoprotein A-1 
(apoA-1), which plays a role in lipid metabolism, are one such 
candidate. Some of these antibodies may confer more risk 
than others, depending where on apoA-1 they bind. Using 

serum samples from cardiac patients, Teixeira et al. identified 
the peptides within apoA-1 where antibodies bound. These 
findings may point toward new therapeutic opportunities 
and improved biomarkers for predicting the risk of cardio- 
vascular disease. 
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Disease biomarkers: What’s the risk?

Cancer immunotherapies work by activating T cells to kill 
tumors. Antigen-presenting cells (APCs), such as dendritic 
cells and macrophages, activate T cells by engaging protein 
receptors on the T cell surface. This then tells the T cells to 
attack the tumors. But T cells typically cannot attack tumors 
because the immunosuppressive microenvironment of tumors 
keeps APCs from turning these signals on. Broz and fellow 

researchers report, however, that low numbers of dendritic 
cells capable of activating T cells exist in tumors in mice. T 
cell-mediated clearance of tumors depended on these cells. 
In humans, an increased genetic signature of these cells 
correlated with better outcomes in a variety of tumor types. 
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