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Abstract

Aims The prognosis and the clinical manifestations of HIV infection have changed with the introduction of the potent
combination antiretroviral therapy (cART); however, up to 50% of patients meet research criteria for “HIV-associated neu-
rocognitive disorders” (HAND) according with current nosology. The majority of patients affected by HAND, especially in
cohorts with suppressed plasma viremia, showed an Asymptomatic Neurocognitive Impairment (ANI), without any functional
impairment. After more than 10 years from the introduction of the current so-called “Frascati criteria”, this mini-review
aimed to address the emerging limitations in current diagnosis procedures.

Methods We discussed the most relevant literature on HAND prevalence, etiology, and diagnosis.

Results We addressed three main emerging issues: (1) the unclear clinical relevance of ANI entity; (2) the evidences that
Frascati criteria could produce a significant overestimation of HAND; (3) the need to better identify patients with a higher
risk to develop HAND requiring routine neuropsychological examinations.

Conclusions Frascati criteria should be updated to better respond to the present characteristics of HIV + cohorts and to help

clinicians in their cognitive and global management.
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Current nosology for HIV-associated
neurocognitive disorders

The central nervous system (CNS) represents one of the
major targets of HIV, and neurological complications could
generate severe disability and worse prognosis. Neuroimag-
ing data show a typical “subcortical” pattern with abnormal-
ities especially in the basal ganglia, thalamus, cerebellum
and cortical motor circuits [1, 2].

In 1991, the American Academy of Neurology AIDS
Task Force published the nosology and diagnostic criteria
for the HIV-associated dementia (HAD) [3], emerging as
a progressive dementia frequently accompanied by motor
and behavioral dysfunctions [4]. In 2007, in light of great
changes occurred in incidence, prevalence and profile of
HAD with the advent of the potent combination antiretro-
viral therapy (cART), diagnostic criteria were updated [5]
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and the term “HIV-associated neurocognitive disorders”
(HAND) was introduced for the entire spectrum of neuro-
cognitive diseases in the context of HIV, including a new
pathology entity named “asymptomatic neurocognitive
impairment” (ANI). These revised “Frascati criteria” iden-
tify three patterns of worsening cognitive-functional dys-
functions: (i) and (ii) a performance 1 standard deviation
(SD) below the normative mean in at least two cognitive
areas detected by a neuropsychological battery including
at least five cognitive domains (learning, attention/working
memory, executive functions, fine motor skills or sensory
perceptual abilities, and language) is needed for a diagnosis
of ANI or Mild Neurocognitive Disorder (MND); the dis-
crimination between these two categories depends by func-
tional impairment (usually identified assessing the Instru-
mental Activities of Daily Living) that must be absent for
ANI; (iii) a performance 2 SD below the normative mean in
at least two cognitive areas is necessary for a diagnosis of
HAD together with a severe functional impairment. These
three patterns must not be explained by co-morbidities or
confounding conditions (i.e. active psychiatric syndromes
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or drugs/alcohol abuse), with no evidence of delirium or
pre-existing causes.

Frascati criteria suggest administering at least two tests
for each cognitive function, but there is a great heterogene-
ity across studies about neuropsychological methodology.
Moreover, Frascati panel recommended the usage of this
classification only for research purposes, but it has been
regularly adopted into clinical practice [6].

This review, after more than 10 years from the introduc-
tion of Frascati criteria, aimed to summarize the most rel-
evant literature available on HAND prevalence and etiology,
and to address the emerging limitations in current diagnosis
procedures.

HAND in the cART era: a multifactorial
etiology

Although the incidence of HAD has significantly decreased
after the introduction of cART [7, 8], up to 50% of patients
meet research criteria for HAND [9, 10]. Moreover, the
longer lifespan of patients with HIV, as a consequence of
effective cART, together with older age at seroconversion,
has contributed to increase the risk of neurodegeneration
[11, 12] with higher incidence of dementia in older people
[13]. It is plausible that aging and HIV infection interact
and increase the risk of neurodegeneration, particularly in
the frontal lobe and hippocampus, and accelerate cognitive
decay, especially in processing speed, working memory,
and learning [11]. In support of this hypothesis, there are
evidences of higher levels of brain beta amyloid and plaque-
like lesions in older HIV-infected adults than in those who
are seronegative [14]. Thus, it is possible that older HIV-
infected adults might be more likely to show some aspects
of the cortical cognitive pattern of Alzheimer’s disease
than the more typical subcortical cognitive profile observed
in younger individuals; however, until now, controversial
results have been observed in support to this “cortical
hypothesis” [15-19].

Moreover, also in the setting of HIV infection, there are
evidences of successful cognitive aging among individuals
with a high cognitive reserve, a concept proposed to explain
the discrepancy between the degree of brain pathologies and
clinical manifestations and strongly correlated to education
and premorbid intelligence [20]; in particular, a lower risk of
HAND has been observed in patients with higher cognitive
reserve [21, 22].

Among HIV-specific key factors that have shown a
correlation with HAND in the cART era, we found poor
treatment adherence [23] and neurotoxic effects of some
antiretroviral agents as Efavirenz [24, 25]. Although there
are controversial results, also poor Central Nervous System
(CNS) penetration of some antiretroviral drugs, as estimated
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by CHARTER group [9, 26, 27], may contribute to HAND
[28-31]. Differences in neuro-efficacy across different
antiretroviral agents, with the development of drug resist-
ance in brain cells not present in blood, could explain the
occurrence of detectable HIV RNA in cerebrospinal fluid
(CSF) when undetectable in plasma, event termed as “CSF
viral escape” [32, 33]; in clinical practice, it can be seen
in around 10% of individuals undergoing lumbar puncture
[34, 35], however, the association between viral escape and
cognitive impairment is not consistent [36]. One explanation
for the weakness of this association is that HIV RNA levels
in CSF are an imperfect proxy for HIV replication in brain
tissue; an alternative explanation is that CNS pathology is
a result of immune dysregulation rather than virus-related
cytopathy, thus HIV RNA concentrations in CSF might not
be the most accurate biomarker for cognitive impairment
[37]. According with this last hypothesis, a strong correla-
tion has been demonstrated with the immunosuppression
before ART is initiated, as estimated by the nadir CD4 + cell
count [38], that might be due to an irreversible CNS injury
before treatment, a so-called “legacy effect” [32]. An alter-
native reason might be a process of immune or glial cell
activation that occurs during advanced immunosuppres-
sion, which persists after treatment and immune recovery
[39, 40]. Two neuroimaging studies [41, 42] have provided
evidences of persistent CNS inflammation, despite viral
suppression using, respectively, a PET marker of activated
microglia, and a fermoxytolol contrast agent, a substance
readily taken up by circulating monocytes, showing mono-
cyte—macrophage pathways and microglia involvement in
HAND despite cART treatment [43]. Among brain injury
biomarkers, neurofilament protein (NFL) was associated
to CNS axonal damage in patients with HAD or without
dementia but lower CD4 cell count [44, 45], while success-
ful treatment was associated with normal or slightly elevated
CSF NFL levels [44]. Also, plasma NFL levels were found
to be highly correlated with CSF NFL measurement, repre-
senting a more accessible measure of CNS injury [46, 47].
Additionally, there are evidences that also soluble amyloid
precursor proteins alpha and beta are abnormal in HAD [44].

In 2014, a CSF HIV risk score was developed [48] by
implementing a prediction modeling to estimate the risk
of detectable CSF HIV RNA (threshold > 50 copies/mL).
The scoring includes well-known risk factors as plasma
HIV RNA, cART drug CNS penetration, duration of cART
therapy, medication adherence, race, and depression status
and authors identified a threshold associated to a higher
risk of detectable CSF HIV RNA; however, there are no
evidences of a significant association between this score
and abnormal performances at neurocognitive evaluation.

Thus, it could be very useful to develop a combination
of biomarkers reflecting neuronal injury and glial cell or
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immune activation in combination with HIV RNA concen-
trations in CSF [37].

ANI: what is the clinical relevance?

In countries where cART is widely available as Europe,
up to 90% of HIV-positive patients on stable therapy are
successfully treated and they might approach a normal life
expectancy [49]. The prevalence of HAND in a cohort of
patients with suppressed plasma viremia decreased to around
20% or less [50]. Moreover, most of the patients with HAND
showed the ANI profile [5] and its clinical relevance is
unclear, because the progression to a symptomatic status
was documented only in one longitudinal study [51]. Moreo-
ver, it was demonstrated that Frascati criteria might generate
a high false-positive rate (about 20% if we administer one
test/cognitive domain, and about 15% in case of two tests/
cognitive domain) that could be reduced to an acceptable
level if cognitive evaluation includes two tests for domain
with a more stringent threshold to define impairment, as
1.5 SD below the normative mean instead of 1 SD [6, 52];
in other terms, the criteria for ANI could produce a signifi-
cant overestimation of HAND prevalence due to a statistical
artifact. Moreover, the authors argued that the ANI entity
arises ethical issues because could generate needless wor-
ries, especially in the absence of a clear alarm about the
future worsening. Finally, to screen for HAND, all the HIV-
infected patients, without an algorithm that takes in account
both risk factors and cognitive complaints from patients or
relatives, could be not sustainable considering the limited
resources in clinical settings.

Latest clinical guidelines, as EACS or BHIVA, take in
account the unclear relevance of ANI diagnosis, indeed they
are focused only on symptomatic patients for the execution
of neurocognitive evaluation, and only in case of clinical
relevant damage, they recommended to proceed with brain
Magnetic Resonance Imaging (MRI) and CSF examination
to verify if damage was associated to HIV or other addi-
tional causes: when HIV-associated damage is confirmed,
clinicians have to start ART for patients without therapy, or
to optimize ART by including more CNS-active drugs for
those already on therapy.

Also, in accordance to Frascati criteria, it is important
to exclude that cognitive impairment could be due to some
co-morbidities. However, patients with HAND are more
likely to have co-morbidities, as HCV co-infection [53, 54]
cardiovascular diseases [55], or depression [56]. In the only
longitudinal study showing a risk of ANI to involve into
a symptomatic status [51], drugs abuse and co-morbidities
were independently associated with a higher risk to func-
tional decline. However, in that study, specific HIV factors
(i.e. AIDS diagnosis, lower CD4 cell count at nadir, and

off-therapy) were associated to ANI, suggesting that this
pattern may actually represent a cognitive profile which is
HIV driven. Nevertheless, taking in account the evidences
from other studies, it is plausible that the criteria for ANI
generate a significant “false positive” rate or a misclassi-
fication of patients with cognitive impairment attributable
to non-HIV conditions. Indeed, in cohorts of patients with
suppressed plasma viremia, the effects of HIV on cogni-
tion seem overshadowed by non-HIV factors, as subclinical
cerebrovascular disease [57]. Thus, co-morbidities might
lead to overestimate the prevalence of HAND [52], and this
“bias” could partially explain differences in HAND propor-
tion across studies [37].

In 2013, Veterans Aging Cohort Study (VACS) Index
[58] was developed as a composite marker of HIV sever-
ity based on routine clinical blood tests; it includes both
HIV traditional biomarkers of severity (i.e. plasma viremia,
CD4 cell count) and non-traditional biomarkers related to
co-morbidities as HCV co-infection, renal or liver functions.
Having a very high VACS index was associated in a longitu-
dinal study to a higher risk of cognitive decline [59], thus it
could be a simple tool for identifying HIV-infected patients
who are at high risk for HAND and requiring routine neu-
ropsychological evaluations. This kind of simple tools might
be very useful due to the multifactorial etiology of HAND.

Finally, a growing body of evidences suggests that neu-
roinflammation might be a component in Alzheimer’s dis-
ease (AD) etiology [60]. Many viral, bacterial, and fungal
agents have shown a role in the induction and amplification
of chronic neuroinflammation in AD, as human herpesvirus
1 (HHV-1), varizella zoster virus (HHV-2), HHV-6 [61],
cytomegalovirus, polyomavirus JC [62]; Porphyromonas
gingivalis, Treponema denticola, or Candida albicans or
toxoplasma [60]. These infectious agents could contribute
or influence the development of HAND. However, probably,
we need to gain a better understanding of their role in the
context of HIV to evaluate their utility in enlarging Frascati
criteria.

Future directions

On the basis of the existing literature, probably, we need
to review the adequacy of Frascati criteria and to discuss
the aspects that require updating to better respond to the
present characteristics of HIV-infected cohorts and to help
clinicians in their global management, taking in account also
the introduction during the last decade of new antiretroviral
agents of increasing tolerability and safety with significant
improvements in medical adherence, especially with single-
tablet regimen [63]. Key points on what changes should be
made to the nosology of HAND are summarized in Fig. 1.
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Fig. 1 Key points on possible
changes to HAND nosology

1. Recommending two tests for cognitive domain with a more stringent threshold to
define impairment, as 1.5 SD below the normative mean instead of 1 SD.

2. Updating the list of the most sensitive and specific neuropsychological tests and
functional assessments for HAND in accordance to latest literature.

3. Developing an algorithm that includes the most important specific risk factors for
HAND, and considering both traditional and new emerging biomarkers of CNS
damage driven by HIV, to better identify patients who need neuropsychological

examinations.

Notes: HAND = HIV-Associated Neurocognitive Disorders; SD= Standard Deviation; CNS= Central Nervous System.

At least in countries with high availability of treatment for
all patients as Europe, we are witnessing a process of pro-
gressive improvement of quality of life and life expectancy
of people living with HIV that involves both the cognitive
and functional areas. From an operational point of view,
probably, we need to develop an algorithm that includes the
impact of the most important specific HIV risk factors in
the expression of cognitive decline, and considering also
the most sensitive and specific new emerging biomarkers of
CNS damage driven by HIV, as soluble CD14, interleukin-6
(IL-6), and tumor necrosis factor-a that have been investi-
gated in a sample of HIV-infected patients on successful
ART without co-morbidities, and high IL-6 levels were
associated with neurocognitive impairment [64]. Neuronal
biomarkers could be useful tools in follow-up monitoring of
HIV-infected patients and added to enlarge the Frascati cri-
teria. In other terms, one of the major goals of neuropsycho-
logical evaluation could be finding neurocognitive impair-
ment directly attributable to HIV and not to other conditions
[65].

Nevertheless, if we take a look to other neurologic dis-
eases, as cognitive decline in Alzheimer’s or Parkinson’s
diseases, current nosology includes a borderline status,
named “Mild Cognitive Impairment” (MCI), that is par-
tially comparable to MND pattern of HAND, while there
is not an issue corresponding to ANI, because MCI crite-
ria are focused only on patients with cognitive complaints
and, based on Gaussian distribution, they applied a more
stringent cut-off that one applied to ANI to define abnor-
mality (i.e. < 1.5 SD instead of <1 SD) [66, 67]. Moreo-
ver, it has been previously demonstrated that neurologically
healthy subjects do not necessarily score above the cut-off
in all tasks included in a composite battery [68]. Thus, we
need to better define the neuropsychological procedures to
avoid possible bias due to statistical artifacts and to reduce
the great methodology heterogeneity across studies and
clinical practice. However, different methods in detecting
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HAND could depend by the specific context, as suggested
by a recent study of comparison between the clinical rat-
ing (impairment in at least two ability domains) and the
global deficit scores (number and severity of impairments
across all measures) showing strengths and weakness of both
approaches [69].

For research purpose, probably, it is always important
to include a group of healthy subjects matched with HIV-
infected patients not only for demographic characteristics,
but also from a cultural-social point of view. Indeed, the
normative scores of cognitive tests frequently were obtained
in studies completed decades ago and are no longer repre-
sentative of current populations.

Finally, we need to develop cognitive tests that could be
cross-cultural not only for the evaluation in resource-limited
settings, but also due to increasing multiethnic HIV cohorts
in European and North-American countries.
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