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Currentapproaches to classifying cognitive impairmentin people
living with HIV can overestimate disease burden and lead to ambiguity
around disease mechanisms. The 2007 criteria for HIV-associated
neurocognitive disorders (HAND), sometimes called the Frascati
criteria, can falsely classify over 20% of cognitively healthy individuals
as having cognitive impairment. Minimum criteriafor HAND are met on
the basis of performance on cognitive tests alone, which might not be
appropriate for populations with diverse educational and socioeconomic
backgrounds. Imprecise phenotyping of cognitive impairment can

limit mechanistic research, biomarker discovery and treatment trials.
Importantly, overestimation of cognitive impairment carries the risk

of creating fear among people living with HIV and worsening stigma

and discrimination towards these individuals. To address thisissue,

we established the International HIV-Cognition Working Group, which
isglobally representative and involves the community of people living
with HIV. We reached consensus on six recommendations towards a new
approach for diagnosis and classification of cognitive impairmentin
peopleliving with HIV, intended to focus discussion and debate going
forward. We propose the conceptual separation of HIV-associated brain
injury —including active or pretreatment legacy damage — from other
causes of braininjury occurringin people living with HIV. We suggest
moving away from a quantitative neuropsychological approach towards
an emphasis on clinical context. Our recommendations are intended

to better represent the changing profile of cognitiveimpairmentin
peopleliving with HIV in diverse global settings and to provide a clearer

framework of classification for clinical management and research studies.

Introduction

Methods

Recommendations

Discussion and potential
limitations

Conclusions

e-mail: sam.nightingale@uct.ac.za

Nature Reviews Neurology | Volume 19 | July 2023 | 424-433

424


http://www.nature.com/nrneurol
https://doi.org/10.1038/s41582-023-00813-2
http://crossmark.crossref.org/dialog/?doi=10.1038/s41582-023-00813-2&domain=pdf
mailto:sam.nightingale@uct.ac.za

Consensus statement

Introduction

The most frequently used criteria for cognitive impairmentin people
living with HIV are the HIV-associated neurocognitive disorders (HAND)
criteria, developed in 2007 by a working group convened by the US
National Institute of Mental Health'. The HAND criteria (sometimes
referred to as the Frascaticriteria) were intended to harmonize research
methodology to allow comparisons across diverse study settings.
Although originally intended for use in research, HAND terminology
has become widely used to refer to the clinical burden of cognitive
impairment®. The HAND criteria have been successful in providing
a consistent system of classification in global research studies for
15years. The spectrum of HIV disease has, however, changed dramati-
cally in the past two decades: the majority of people living with HIV
globally are now virally supressed by effective antiretroviral therapy
(ART), and life expectancy approaches that of uninfected cohorts**.
Minimum criteriafor HAND are met on the basis of cognitive test perfor-
mance compared with HIV-negative populations, without the need for
aclinical assessment of cognitive status. Several authors have argued
that this approach overestimates disease burden and that the HAND
criteria are not appropriate for the modern era*™".

Criticism of the HAND criteria centres on three main points, as
outlined by authors from our group in 2021 (ref. 12). First, the statisti-
calapproach applied to cognitive data has the potential for a very high
false-positive rate: the current approach defines over 20% of cognitively
healthy HIV-negative control participants as having cognitive impair-
ment®'°. Second, cognitive test performance is strongly influenced by
complex educational, cultural and socioeconomic factors, which can
interactwith HIV risk such that low cognitive test performance might not
correspond to a pathological state’. Last, in the modern era of effec-
tive ART and an ageing population of people living with HIV, cognitive
impairmentintheseindividualsis frequently multifactorial and, hence,
isnotsynonymous with the direct effect of HIV on the brain and not best
described as ‘HIV-associated’, which implies a degree of causation™'®.

The HAND criteria typically classify 20-60% (and sometimes up to
90%) of people living with HIV as cognitively impaired>*". This figure
does not seemtoalign with clinical observations that cognitive impair-
mentin peopleliving with HIV presents less frequently in the modern
era, usually affecting individuals who are not on effective ART or have
relevant comorbidities, or occurring as a result of damage caused by
CNS HIV replication before effective ART'* %, Lack of diagnostic preci-
sion could hamper clinical studies of cognitive impairment in people
living with HIV and reduce the power to identify biomarkers relating
to neuropathogenesis?.

A label of cognitive impairment can affect self-esteem and con-
fidence and raise fears for future health in people living with HIV*,
Overestimation of cognitive impairment might also worsen stigma
and discrimination towards these individuals®. For example, people
living with HIVin the UK were denied the opportunity to become airline
pilots owing to concerns over the development of cognitive impair-
ment. Following a campaign by a pilot living with HIV, the UK Civil
Aviation Authority removed this ban in 2022 to reflect the improved
HIV outcomes in the modern ART era*. Conversely, underestimation
or misclassification of cognitive impairmentin people living with HIV
carries the risk of missing cases and preventing access to care. Cogni-
tiveimpairmentis animportant complication of HIV with far-reaching
consequences for quality of life””. Approaches to the diagnosis and
classification of cognitive impairment must reflect the modern spec-
trum of disease so that prognosticinformationis accurate and affected
individuals canreceive the help they need.

The original HAND publication of 2007 acknowledged several of
these potential methodological issues and recommended strongly that
the criteria should be field tested and further refined going forward'.
Inresponsetotheissues described above, we established the Interna-
tional HIV-Cognition Working Group. The broad aim of the group was
to propose improvements to the diagnostic approach to cognitive
impairment in people living with HIV so as to reflect changes in the
spectrum of HIV disease in the modern ART era. In this Consensus
Statement, we provide specific recommendations around key issues
to focus discussion and help the field move forward.

Methods

The International HIV-Cognition Working Group was initiated by the
HIV Mental Health Research Unit at the University of Cape Town, South
Africa, and follows our HAND critique published in 2021 (ref. 12). The
group was intended to be globally representative, and hence, prefer-
ence was given to experts based in low-income and middle-income
countries with high HIV prevalence. In high-income countries, mem-
bers were invited in approximately equal numbers from Europe and
the USA. We aimed to include people with direct clinical experience
of people living with HIV, as well as leading researchers in the field.
Representatives were invited from the community of people living with
HIV in both high-income and low-income settings. Of 25 representa-
tivesinvited, three declined and two withdrew after initially accepting,
citing time commitments. Of the resulting 20 members, nine (45%)
were based in low-income and middle-income countries in the Global
South.Membersincluded academics and clinicians from the neurology,
psychiatry, neuropsychology and infectious disease fields, as well as
three HIV community representatives.

Working group meetings were held virtually. The framework laid
outin the 2021 HAND critique was used as a starting point for discus-
sion'?, with the specific aim of outlining a diagnostic approach for
cognitive impairment in people living with HIV that is applicable in
theclinicaswell asinresearch, is appropriate for diverse populations
of people living with HIV globally, is applicable in both low-resource
and high-resource settings, and reduces the risk of fear, stigma and
discrimination for people living with HIV. Members participated in
videoconference discussions and engaged further via the group e-mail
chain. On the basis of this communication, a manuscript draft was
prepared by S.N. and distributed to the group for comment and further
input. Multiple iterations of the manuscript were reviewed, revised
and redistributed. Additional smaller meetings were held virtually
orin person at international conferences, and the outcomes of these
meetings were subsequently shared for discussion with the wider
group. This iterative process continued until a broad consensus was
reached on all points by all working group members.

This process led to the six recommendations outlined below and
summarized in Box 1. These recommendations should be interpreted
as representing the consensus opinion of a diverse group of experts
rather than being a definitive new set of criteria. Further validation
and abroader consensus within the field will be required to define and
implement definitive new criteria for cognitive impairmentin people
living with HIV.

Recommendations

Classifying cause of braininjury in people living with HIV
Recommendation 1: HIV-associated braininjury (HABI) should be con-
sidered as one cause of cognitive impairment alongside other potential
causes of braininjury occurring in people living with HIV.
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Box 1

Summary of recommendations
from the International
HIV-Cognition Working Group

Recommendation1

HIV-associated brain injury (HABI) should be considered as one
cause of cognitive impairment alongside other potential causes of
brain injury occurring in people living with HIV.

Recommendation 2
HABI should be differentiated on the basis of HIV RNA suppression
and the activity of pathology.

Recommendation 3
Low performance on cognitive tests should not be labelled as
coghnitive impairment without clinical context.

Recommendation 4
When interpreting cognitive data, the false-classification rate
should be considered.

Recommendation 5

A research classification of cognitive impairment in people living
with HIV should consider a combination of cognitive symptoms, low
performance on cognitive testing, and abnormality on neurological
investigations.

Recommendation 6

Cognitive symptoms should refer to any change in cognition that
has been noticed by the individual or an observer, whether or not
this change has an impact on daily functioning.

In the modern era, cognitive impairment is frequently multifac-
torial, with a direct effect of HIV on the brain representing only one
cause™". Todistinguish direct effects of HIV from other causes of brain
injury in people living with HIV, we recommend that the term HABI
shouldbe used to refer to damage caused directly by HIV. Other causes
ofbraininjuryinclude various comorbidities and medication effects%,
as summarized in Box 2. We recommend that HABI is conceptually
separated from other causes of brain injury, although we accept that
this canbe difficult in practice, given that several causes can coexist and
clinical manifestations can lead to overlapping symptoms and signs.
Nevertheless, we feel that separating the concept of HABI fromall-cause
cognitive impairment in people living with HIV reduces ambiguity in
terminology and facilitates examination of brain injury mechanisms.

HAND is defined as being caused by HIV, at least in part'. The HAND
criteriadoacknowledge, however, that people living with HIV are poten-
tially vulnerable to the cognitive effects of other conditions. Where
present, such comorbid conditions are termed ‘contributing’, as they
contribute to cognitive impairment alongside the effect of HIV.If an
individual has an alternative cause of cognitive impairment, this is

considered a ‘confounding’ condition and a classification of HAND
isnot made. Assuch, alabel of HAND means that cognitiveimpairment s
caused by adirect effect of HIV on the brain, with or without additional
contributions from comorbidities. This terminology might no longer
be appropriate owing to dramatic improvements in HIV clinical care,
which have reduced the frequency of brain injury caused by HIV. We
recommend that a classification of cognitive impairment in people
living with HIV should encompass all potential causes of brain injury,
regardless of whether HABIis the cause or even a contributing factorin
any given case. Movingtoa classification that considers multiple causes
of cognitiveimpairment will more accurately represent changes to the
clinical burden of disease and facilitate the study of more representative
samplesinresearch, compared with the current classification.

Parallels canbe drawn between milder forms of cognitive impair-
mentin peopleliving with HIVand mild cognitive impairment (MCI) in
relation to Alzheimer disease (AD). The underlying pathology associ-
ated with MCl is heterogeneous and the majority of individuals with
MCI do not go on to develop AD*. Biomarkers have been identified
that reliably differentiate MCI with underlying AD pathology from
other causes of MCI, and can be used to predict progression to AD”.
The comparable situation in people living with HIV is to distinguish
between HABI and other underlying causes of cognitive impairment.
Thisdistinctionis more difficult with HABI than with AD pathology as, in
contrastto AD, HABI does not generally progress to a marked dementia
syndrome inindividuals who receive suppressive ART*,

Numerous potential pathological mechanisms could underlie
HABI, including persistent immune activation, blood-brain barrier
dysfunction and more direct virus-induced neurotoxicity. Neuronal
damage can be mediated by both immune-active molecules and HIV
products, and could involve several mechanisms including oxidative
stress, metabolic changes, glutamate dysregulation and NMDA exci-
totoxity®~*'. Of note, HABI differs slightly from the existing terms HIV
encephalopathy and HIV encephalitis. HIV encephalopathy refers to
apredominantly subcortical cognitive-motor syndrome, also known
as HIV-associated dementia, whichis an AIDS-defining condition. HIV
encephalitis refersto the histopathological finding of multinucleated
giant cells and microglial nodules®. Although these complications
continue to occur, particularly in people with untreated or advanced
HIV disease, they no longer represent the prominent neuropathology
of HABlinthe modern ART era. For example, in one study, of 20 people
diagnosed with HIV-associated dementia, only one had histopathologi-
cal evidence of HIV encephalitis post mortem™. Our proposed term
HABIis intended to encompass any mechanism of brain injury caused
directly by HIV, including those previously described by the terms HIV
encephalopathy and HIV encephalitis.

Differentiatinglegacy and active HABI
Recommendation 2: HABI should be differentiated on the basis of HIV
RNA suppression and the activity of pathology.

In the modern era, the majority of people living with HIV glob-
ally are virally supressed on effective ART and, as aresult, are largely
protected from progressive HIV disease’. Therefore, defining the risk
of progressive disease caused by HABIin people with HIVRNA suppres-
sion is particularly important. Current evidence is conflicting, with
regard to both how commonly HIV causes cognitive impairmentin this
group®*® and whether the brain injury is the result of a progressive or
static process**%, To reduce ambiguity in this area, we recommend
that HABI s subdivided into legacy and active HABI on the basis of pro-
gression (Fig.1). This differentiationis importantasit hasimplications
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for treatment and prognosis®*’. Of note, legacy and active HABI can
coexist, asactive HABI can occur on abackground of legacy HABI.

HABI can also occur in people living with HIV with untreated, or
incompletely treated, HIV infection*®*. In such patients, the focus
should be on systemic HIV viral control>*****,

Legacy HABI. Irreversible or only partially reversible CNS damage
resulting from HABI can be sustained during periods of untreated HIV
infection, particularly in the context of advanced immunosuppres-
sion?’. This sustained damage has been referred to as the legacy effect
and represents brain injury that occurs before an individual initiates
ART. In adults with vertically acquired HIV (transmitted from mother
to child in utero, intrapartum or postnatally through breast feeding),
legacy HABI caninclude sequelae from the effects of HIV infection on
thedevelopingbrain*. Legacy effects are inactive and permanentand,
hence, notamenable to treatment. It is possible that subclinical legacy
HABI could lower cognitive reserve, thereby increasing vulnerability to
cognitive impairment from other causes, such as ageing* .

Active HABI. Active HABI refers to evidence of sustained clinical
or radiological progression of CNS damage over time, beyond that
expected from normal ageing or variability in cognitive performance
testing, with careful exclusion of alternative causes. Progression of
CNS damage in the context of HIV RNA suppression in plasma should
prompt examination for cerebrospinal fluid (CSF) HIV RNA escape™*.
Definitions of CSF HIV RNA escape vary, but the consensus definition
isthe presence of HIVRNA in the CSF combined with absence or lower
levels in the plasma*®. CSF RNA escape can indicate compartmental-
ized HIV replication in the CNS resulting from low treatment potency
intheintrathecal compartment, owing to ART resistance, less effective
or older ART regimens, or low adherence to treatment. CSF HIV RNA
escape can lead to varying presentations, including rapidly progres-
sive neurological disease and diffuse white matter signal abnormality
on MRI**, although it can also be transient and asymptomatic*. Evi-
dence suggests that CSF RNA escape is becoming less common with
modern ART*.. Low levels of HIV RNA in the CSF might not necessarily
bethe cause of active neuropathology, andits presence should notbe
taken as definitive evidence of CNS-compartmentalized HIV. However,
in the presence of clinically active disease, CSF HIV RNA should be
investigated and, if present, ideally treated in the first instance with
ART directed to CSF resistance profiles™.

Another cause of active HABIis CD8 encephalitis, a severe inflam-
matory disorder characterized by T cell infiltration into the brain, lead-
ingto swelling and raised intracranial pressure that can be fatal*’. CD8
encephalitis typically occurs in people on ART and can be associated
withanumber of triggers, including CSF HIVRNA escape and immune
reconstitution inflammatory syndrome (IRIS), suggesting some
overlap among these conditions®*’, CD8 encephalitis is responsive
to corticosteroids’.

IRIS can occur in the weeks to months following the initiation of
ART and can affect the brain in the absence of opportunistic patho-
gens’*, This conditionis thought to be aresult of animmune response
directed at HIV viral reservoirs in the brain and has been associated
with CSF HIV RNA escape®~°. Similar to CD8 encephalitis, IRIS can
lead to asevere, potentially fatal T cell encephalitis with brain oedema,
which canrespond toimmune modulation with corticosteroids®. IRIS
directed at viral, fungal, bacterial or parasitic opportunistic patho-
gens in the brain is considered to be a secondary effect and not part
of HABI.

Beyond the uncommon cases of CD8 encephalitis and CNS IRIS
described above, HIV has not been definitively shown to cause a pro-
gressive cognitive syndromein the context of sustained HIV RNA sup-
pression in both plasma and CSF. Nevertheless, several mechanisms
have been proposed for progressive cognitive decline in controlled HIV.
These mechanisms include HIV protein-associated encephalopathy;
ongoing CNS HIV replication below the threshold of detection; and a
neuroinflammatory process established during legacy damage that
persists after effective HIV control with ART?’"*", The 2013 consensus
report from the MIND Exchange program stated that “itis not possible
fromexisting datato conclude whether patients with successful treat-
ment (ie, plasma HIVRNA <50 copies/mL) are at risk of progression [of
cognitive impairment]”*. Since this consensus report was published,
several studies have examined this question, with some suggesting that
active HABI can occur in the context of controlled HIV***®, particularly
in ageing cohorts***%°, By contrast, others have provided longitudinal
cognitive outcome data with low rates of progression®**>*, falling prev-
alence rates of cognitive impairment over time?*®', cognitive deteriora-
tionassociated with comorbidities rather than HIV factors”, and ageing
trajectories similar to those inlifestyle-matched controlindividuals®.
Whether controlled HIV can cause active HABI remains an important
question to answer so that people living with HIV can obtain accurate
prognosticinformation, and those at risk of cognitive impairment can
beidentified for treatment and management.

Box 2

Potential causes of brain injury
in people living with HIV

This is not an exhaustive list, as any neuropathological process can
potentially affect people living with HIV.

HIV-associated brain injury (HABI) (Fig. 1)
e Legacy HABI: inactive brain injury from pretreatment damage
e Active HABI: ongoing brain injury leading to clinical or
radiological progression

Other causes of brain injury
e Previous or ongoing CNS infections (for example, neurosyphilis,
CNS tuberculosis, CNS toxoplasmosis, CNS cryptococcosis and
progressive multifocal leukoencephalopathy)
Cerebrovascular disease
Traumatic brain injury
Neurodegenerative disorders such as Alzheimer disease
e Other non-HIV-related neurological condition (for example,
multiple sclerosis or uncontrolled epilepsy)
o Developmental disability
Nutritional deficiencies (for example, vitamin B,, or niacin
deficiency)
Coinfections (for example, syphilis or hepatitis C)
Hazardous alcohol use
Substance misuse
Antiretroviral CNS neurotoxicity
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Biomarker changes without brain injury. Some CSF, plasma and
imaging biomarkers that are used inresearch haveindicated anactive
and, hence, potentially injurious process in the brain despite viral
suppression and stable cognition®***°*"%5 Examples include diffusion
tensor imaging and functional MRI, and various CSF biomarkers of
immune activation and neuronal damage®. Although such markers
sometimes indicate ongoing inflammation inthe CNS of people living
with HIV, the extent to which thisinflammation hasaclinical correlate
orrepresents aninjurious process, as opposed to subclinical effects or
a healing process in response to pre-existing damage, is not clear™.
Furthermore, some biomarkers change with age and canbe altered in
HIV-negative controlindividuals matched with people living with HIV
for comorbidities and lifestyle factors®”. Therefore, we recommend
that abnormalities indicated by such markers should not be consid-
ered definitive evidence of an active injurious process, unless they are
demonstrated to correspond to clinical or radiological progression
as described earlier in this section. This distinction is intended not to
undermine the potentialimportance of biomarker abnormalities but
toacknowledge the difference between aresearch finding of concern
and definitive evidence of a clinical effect.

A biomarker that consistently corresponds to clinical or radio-
logical progression of braininjury could be used as evidence of active
HABI, similar to the use of CSF amyloid and tau proteins to predict
progression of AD”. One biomarker that might be useful in this context
is CSF neurofilament light chain (NfL), arobust and sensitive marker of
neuronalinjury®®, Researchis needed toinvestigate the use of NfLas a
biomarker for active HABI in people with sustained HIV RNA suppres-
sion. It should be noted that NfL is not specific for HABI versus other
causes of braininjury, so other causes should be carefully excluded.

Neuroinflammation, asindicated by raised biomarker levels, could
cause an active process of neuronal dysfunction without progressive
injury, which could lower cognitioninastable or fluctuant way without
sustained progression, akin to ametabolic encephalopathy. Support-
ing this theory, some CSF and imaging biomarkers were reported to
correlate with clinical outcomes in people living with HIV; however, the
associations were inconsistent and generally weak®®®, Trials of anti-
inflammatory and neuroprotective compounds aimed at improving
cognition in this patient population have not shown clinical effects™® .
Furtherresearchis needed to determine whether anon-progressive yet
active process of neuronal dysfunction thatis potentially amenable to
treatment canoccur in people with sustained suppression of HIVRNA.

Legacy

Plasma HIV RNA
suppressed

‘ Active ‘

Plasma HIV RNA
not suppressed

Brain injury in a
person with HIV

Other brain injury:
comorbid factors
and medication
effects

Fig.1| Characterization of braininjury in people living with HIV.
HIV-associated brain injury (HABI) should be differentiated from other causes of
braininjury, such as comorbid factors and medication effects. In individuals with
plasmaHIV RNA suppression, HABIis characterized as either legacy (inactive
braininjury from pretreatment damage) or active (ongoing brain injury leading
to clinical and/or radiological progression). Whether active HABl occurs in
people with sustained HIV RNA suppression in plasma and cerebrospinal fluid
has not been definitively shown.

If shown to occur, this condition would warrant a third HABI subtype
inaddition to legacy and active HABI.

Interpretation of cognitive tests
Recommendation 3: Low performance on cognitive tests should not
be labelled as cognitive impairment without clinical context.

Cognitive testingis animportant element of assessmentin people
living with HIV who are suspected of having cognitive impairment.
Despite the appeal of cognitive scores as an objective measure of neu-
ronal function, the results vary widely depending on non-biological
factorssuch as educational background and socioeconomic status™'*,
Indeed, this issue was stressed in the original HAND criteria publica-
tion'. For example, the average score on the Montreal Cognitive Assess-
ment (MoCA) in a study of healthy HIV-negative individuals without
cognitiveimpairmentinalow-income area of Cape Townwas 21.7 out of
30 (ref. 74), which falls below what is considered anormal scorein North
America (26-30), where the MoCA was developed. These differences
donotimplyimpaired cognition, but rather that performance onthese
tests can be culture-bound and vary substantially between groups with
different educational and sociodemographic backgrounds.

Inresearch studies, cognitive scores are typically compared with
those in normative control populations. These comparisons can be
improved by the collection of normative data from populations with
similar demographics to the measured population of people living
with HIV, or by controlling for demographic factors in established
normative datasets with regression-based techniques”. However,
these approaches have several limitations. First, studies have demon-
strated wide variation in normative dataamong and within countries™,
and developing extensive normative data for each setting in which
people living with HIV reside would be impractical. Second, match-
ing for all lifestyle and comorbid factors associated with HIV status
is difficult owing to the broad diversity of HIV demographics. Last,
in some regions, HIV acquisition is associated with poverty and low
education levels””’®, increasing the likelihood that people living with
HIV will return lower test scores than the population average. In clinical
practice, these factors are taken into account by neuropsychologists
and clinicians with experience in cognitive testing, who use cut-offs
appropriate for the population orinterpret anindividual’s performance
subjectively on the basis of educational background and estimates
of premorbid functioning. In research studies, these approaches are
often impractical and might be considered too subjective, and hence
normative control scores are used to make comparisons.

The HAND criteria define statistical methodology to determine
cut-offs for cognitive performance in people living with HIV compared
with normative controls'. Cognitive performance within a particular
domain must fall more than 1s.d. below the normative average for
that domain to be considered impaired. This threshold must be crossed
in two or more cognitive domains for a classification of HAND. Several
other statistical approaches to define cognitive impairment have also
been used as alternatives to the HAND criteria, including the Global
Deficit Score, Multivariate Normative Comparison, Novel Multivari-
ate Method and the Gisslén criteria®*. Some of these methods can be
appliedinseveral different ways (discussed under Recommendation 4
below), which creates the potential for large variationin the statistical
methodology used to define cognitive impairment in people living
with HIV. The percentage of individuals classified as having cognitive
impairment can vary widely with different methods. For example,
when 20 different methods were applied to a clinical cohort in South
Africa, the rate of cognitive impairment ranged from 20% to 97%”°.
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Therefore, the same individual can be classified as having cognitive
impairment by one statistical method but not by another.

Fluctuation of cognitive scoresinanindividual over time presents
another challenge®. Minor variation around domain cut-offs can have
large effects on binary classifications®, so an individual on the margin
ofimpairment canbe classified as having impairment at one time point
butnotatanother. Thisissueis evidentin longitudinal studies, where
fluctuationsin cognitive function are frequently observed“®.

For the reasons above, we suggest that the use of cross-sectional
quantitative neuropsychological approaches alone is limited as a
method of determining impairment in diverse populations. No tool
provides a perfectindication of neuronal function, and any statistical
method of dichotomization on the basis of cognitive performance will
be to some extentarbitrary. Perfectly matching anormative population
to factors associated with HIV acquisition in all settings is extremely
difficult. Although defining a group at the lower end of the cognitive
spectrum can be useful, we recommend that they be classified ashaving
low cognitive performance rather than being diagnosed with cognitive
impairment, unless supporting information exists in other areas of
assessment (see Recommendation 5 below).

Comparisons can be made with the diagnosis of MClinrelationto
AD. Statistical cut-offs for low cognitive performance in MCl vary from
1to2s.d., resulting in wide variation in MCl prevalence depending on
the method used®. Less stringent definitions using 1s.d. are gener-
ally not favoured as they have a high false-positive rate®, fail to show
an association with medial temporal atrophy and apolipoprotein E
genotype (animportant genetic determinant of AD risk)®, and result
in considerable diagnostic instability — that is, fluctuation between a
classification of MCl and cognitively normal — over time®’. The poten-
tial for false classification of MCl is mitigated by the requirement for
symptomatology, in contrast to HAND, for which symptoms are not a
requirement (see Recommendation 6).

Individuals withisolated low cognitive performance, though not
meeting our proposed criteria for cognitive impairment, mightrepre-
sent an important group for future research. Subclinical impairment
and/or reduced cognitive reserve in those with low cognitive perfor-
mance could increase vulnerability to other brain injuries, which is
particularly important as the population of people living with HIV
ages* . It should be noted that individuals at the lower end of the
spectrum of cognitive performance might be more likely to have lower
education levels and socioeconomic status, as well as different comor-
bid and lifestyle factors, compared with those at the upper end®***".
Consequently, those with low cognitive performance might have worse
general health-related outcomes, owing to the interaction with social
determinants of health®.

False classifications in cognitive data
Recommendation 4: When interpreting cognitive data, the
false-classification rate should be considered.

As stated in the previous section, HAND criteria define cognitive
impairment as performance of atleast1s.d. below the normative aver-
age in at least two cognitive domains'. If population performance is
normally distributed, then approximately 16% of scores on each test
will fall more than 1s.d. below the mean, so a sizeable proportion of
individuals without cognitive impairment will be falsely classified
as impaired. This false-classification rate depends on the number of
domains measured, the number of tests used per domain, and the
relationships among different tests, but is typically in excess of 20%
and canrise to over 70% in some cases”'*%,

As mentioned in the previous section, several other statistical
approaches can be used to determine cut-offs for cognitive perfor-
mance in peopleliving with HIV compared with normative controls®%.
Some methods are more stringent than others, with improved false-
positive rates generally at the expense of decreased sensitivity. Some
methods can be applied in several different ways; for example, when
more thanonetestis used per cognitive domaintoimprove accuracy,
that domain can be defined asimpaired by one test being positive, both
tests being positive, or by the average domain 7-score. These variations
can alter the false-classification rate quite markedly®®*'.

The false-classification rate is an important consideration when
interpreting study findings: astudy reporting low performance on cog-
nitive testsin 30% of a population has a differentinterpretation when
the false-classification rate isknown to be 25% compared with 2.5%, for
example. Currently, the false-classificationrateis rarely acknowledged
orreported instudies reporting HAND prevalence'. The range of tools
to help estimate the false-classification rate for different statistical
methodologies should be expanded®.

To help avoid false classification of cognitive impairment, alterna-
tive approaches can be used to handle cognitive datain researchstud-
ies.One approachistolongitudinally assess the trajectory of cognitive
performance rather than applying dichotomization cross-sectionally.
Forlongitudinal assessment, fluctuation in cognitive performance and
practice effects must be taken into account®®*. Another approach is
to use cognitive performance as a continuous variable rather than
as a binary measure with a statistically determined cut-off. The use
of continuous variables captures the full spectrum of cognition and
provides greater statistical power than the comparison of proportions
below a cut-off®.

Defining cognitive impairmentin people living with HIV
Recommendation5: Aresearch classification of cognitive impairmentin
people with HIVshould consider acombination of cognitive symptoms,
low performance on cognitive testing and abnormality on neurological
investigations.

Assessment for cognitive impairment falls broadly into three
areas: clinical history, performance on cognitive testing and the results
of neurological investigations. Each area has strengths and weaknesses
if used alone to determine cognitive impairment (Table 1). The pres-
ence of cognitive symptoms, defined here as a change in cognition
that has been noticed by the individual, is clinicallyimportant butis a
subjective measure, and reporting of symptoms varies among settings
(see Recommendation 6). The results of cognitive testing can be more
objective thanclinical history but are strongly influenced by complex
educational and socioeconomic factors and must beinterpretedinthe
context of the individual or population background (as discussed in
Recommendation 3). Evidence of braininjury onneurological investiga-
tions, such as neuroimaging or CSF examination, is the most objective
measure of pathology, but abnormalities can represent subclinical
damage, and these tests are not universally available or accessible in
low-resource settings. Inaddition, neurological investigations can be
insensitive for some causes of brain injury, including HABI, and the
absence of evident abnormalities on routine investigations does not
exclude the presence of brain injury*.

Giventhelimitations discussed above, we propose thatin research
settings, aclassification of cognitive impairment can be made when an
individual shows abnormalitiesin at least two of the three assessment
areas. Using this pragmatic approach, someone with low cognitive
performance would be considered to have cognitive impairment if
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Table 1| Areas of assessment for cognitive impairment

Observation Assessment

Strengths

Weaknesses

Clinical assessment (ideally with
observer account)

Cognitive symptoms

Clinically relevant

Subjective and can be insensitive to subtle or
early brain injury

Low cognitive performance Cognitive testing

More objective than cognitive

Affected by non-biological factors

symptoms

Evidence of brain injury
(HABI or other)

Neurological investigations

More objective for pathology than
cognitive symptoms or cognitive
performance

Investigations can be insensitive, thresholds for
abnormality are not well defined, abnormalities
might not have clinical correlates, and access
varies among settings

HABI, HIV-associated brain injury.

supporting evidence of cognitive symptoms and/or brain injury was
available. Similarly, someone with cognitive symptoms and evidence
ofbraininjury would be considered to have cognitive impairment, even
if cognitive performance did not fall below a threshold and, hence,
would not currently be classified as HAND — for example, individuals
with high pre-morbid function and/or cognitive reserve.

Theimportance of anisolated abnormality in any one assessment
area should not be undermined by altering the criteria for cognitive
impairment as described here. Individuals in whom the criteria for
cognitive impairment are not met could still represent a group with
clinical and researchimportance, and our recommendation is simply
toalter theterminology used to describe these groups. Individuals pre-
viously defined as having asymptomatic neurocognitive impairment
(ANI) — a form of HAND and therefore considered a neurocognitive
disorder — would instead be referred to as having ‘low performance
on coghnitive tests’. These individuals would not be considered to
have cognitive impairment in the absence of supporting evidence of
abnormality from another assessment area.

Defining cognitive symptoms

Recommendation 6: Cognitive symptoms should refer to any change
in cognition that has been noticed by the individual or an observer,
whether or not this change impacts daily functioning.

When assessing someone at risk of cognitive impairment, obtain-
ingahistory of cognitive symptomsisimportant. We recommend a sub-
tly different use of the term ‘symptom’ from that applied in the HAND
criteria. HAND criteria define symptomatic cognitive impairment as
a change in activities of daily living (ADLs) resulting from cognitive
issues'. As treatment for HIV has improved, cognitive symptoms in
people living with HIV have generally become milder®. Symptoms
such as forgetfulness or difficulty concentrating can considerably
affect an individual’s quality of life and ability to work but might not
be severe enough to limit ADLs*. This level of symptoms is similar
to that required for the diagnosis of MCl in relation to AD, for which
cognitive change should be noticeable but not yet have a substantial
effecton ADLs™.

Cognitive symptoms are inherently subjective: some cultures
might be reluctant to acknowledge cognitive issues and some lan-
guages have limited vocabulary for cognitive complaints®°% Fur-
thermore, cognitive dysfunction can impair insight, reducing the
probability of an individual reporting their difficulties”. Where avail-
able, an observer account — for example, a collateral history from a
partner, family member or carer — canimprove accuracy of symptom
reporting and already forms part of the criteria for MCI®*. In these
cases, gaining consent fromthe individual with HIVisimportant, as the
observer account can include sensitive information. Difficulties with

ADLsreported on functional scales should be confirmed as related to
cognitive issues rather than physical disability, intercurrent iliness,
psychological factors or fatigue.

Cognitive symptoms can be transient and reactive to psycho-
logical stressors or life events®. Symptoms can be more commonin
people with depression, which could be related to the effects of mood
on cognitive processes or to shared biological mechanisms of neuro-
inflammation®*°, Where uncertainty arises, repeated assessments
over longer periods of time are useful. Rapidly evolving symptoms
should trigger urgent investigation for CNS opportunistic infection,
CD8 encephalitis, fulminant presentations of symptomatic CSF HIV
RNA escape, or neurological disorders unrelated to HIV infection*>*.

Discussion and potential limitations

Our recommendations differ from the HAND criteriain two main ways:
first, by distinguishing HABl as aseparate entity fromall-cause cognitive
impairment, and second, by recommending a clinical assessment for a
label of cognitive impairment to be applied. Although perhaps not as
appealingly simple as the HAND classification, our approach reflects
the complexity of assessing cognitive impairment in people living
with HIV in the modern era. Application of this approach in clinical
settings would require no additional measures beyond the current
recommended standard of care. Assessment of a person suspected
of having cognitiveissues should, ataminimum, involve a clinical his-
tory (ideally with an observer account), backed up with a cognitive
measure. Assessment for brain injury depends on locally available
resources, and detailed neurological investigations are not essential
for this classification.

Historically, notall research studies have collected theinformation
necessary to diagnose cognitive impairmentin this way. We feel that col-
lectinga clinical history and objective markers of braininjury isimpor-
tant to conductresearch with relevance to the outcomes and concerns
of people living with HIV. Studies that consider individual assessment
areas in isolation without a clinical history (for example, a study of
cross-sectional cognitive performance or neuroimaging), could provide
useful mechanisticinformation. However, we suggest that such studies
avoid reporting rates of cognitive impairment and making assump-
tions about the cause of impairment. Even in advanced HIV disease,
diagnostic measures interpreted without clinical context have been
shown to have poor inter-rater agreement for assigning the aetiology
of cognitive impairment, owing to amyriad of comorbidities'*.

Although we highlight issues with the HAND criteria and their
potential to overestimate prevalence, our approach should not be
interpreted as implying that cognitive impairment is no longer an
issuein people living with HIV. Cognitive impairment remains a vitally
important complication of HIV with multiple causes and can have
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profound effects on many aspects of an individual’s functioning and
quality of life*. Furthermore, cognitive issues could become even more
important as the population of people living with HIV ages. A robust
setof criteriais essential to focus research and ensure that those at risk
areidentified and receive the help they need.

Our proposed approach has several potential limitations. The
recommendation to include a clinical assessment to determine clini-
cally meaningful cognitive impairment can be difficult to transfer to
theresearchenvironment.In many low-resource settings, standardized
cognitive measures are applied by local-language-speaking research
assistants who do not have sufficient medical or neuropsychology
training to obtain a detailed history”. Despite this challenge, clinical
assessments often form part of the inclusion criteria for studies of
other diseases, including studies thatinvolve peoplelivingwith HIVin
low-resource settings'”'. The 1991 American Academy of Neurology cri-
teriafor HIV-associated dementia and minor cognitive motor disorder
required aclinical history. The criteria stated that mild cognitive defi-
citsshould be verified by areliable history, if possible from aninform-
ant, to ensure that the timing and nature of impairment are consistent
with HIV as the cause'®. The 2007 HAND criteria moved away from
this requirement by creating the category of ANI'. ANIwas intended to
represent a preclinical stage of impairment that might be amenable
totreatment. However, as ANl is based on cognitive performance alone,
without clinical correlates or other evidence of brain injury, the ability to
reliably identify a pathological phenotype could be limited. To facilitate
the collection of clinical assessments and observer accountsinresearch,
toolsareneeded that can distinguish cognitive limitations from physical
ormental healthissues. Such tools exist for other diseases; for example,
the Community Screening Instrument for Dementiaincludes a cognitive
assessment, functional measures and an observer account, and hasbeen
used across diverse settings globally'*>,

Sensitivity to detect cognitive impairment on the basis of overlap
of at least two areas of assessment (Recommendation 5) would differ
depending onthe method. For example, the percentage of individuals
identified as having brain injury would vary depending on whether
neuroimaging was available and, if so, whether MRI or CT was used.
Thislimitationis notuncommonin clinical situations, where sensitivity
to detect disease can be lower when access to investigative methods
is limited. We propose Recommendation 5 as a pragmatic alternative
to HAND that considers clinical context. As this recommendation
is perhaps the most speculative of those proposed here, validation
against clinical diagnosis compared with existing approaches will be
important.

Theterm HABI hasbeen coined torefer to adegree of braininjury
as a direct result of HIV, but what constitutes sufficient injury in this
contextistosome extent subjective. HIV enters the brain during early
stages of infection, making it difficult to exclude some level of HABI
in all people living with HIV?. Furthermore, the separation between
HABI and other causes of brain injury might not be completely distinct.
For example, cerebrovascular disease can be exacerbated by HIV-
associated endothelial dysfunction and/or ART effects'®*. As another
example, some evidence indicates that HIV interacts with substance
abuse to compound the injurious effects on the brain'®. Nevertheless,
we feel that distinguishing injury caused directly by HIV, classed as
HABI, fromindirect or combined effects, which would not be described
as HABI, is useful.

Although a combination of investigations and clinical context
can diagnose HABI, no single imaging or CSF biomarker has been
identified for all stages and types of HABI that is robust enough for

clinical use®. This lack could in part be attributable to variations in
the underlying pathology in people categorized with HAND. As dis-
cussed in Recommendations 1and 4, HAND can encompass a mixture
of different pathologies and include individuals without true cognitive
impairment. Asaresult, any genuine association between biomarkers
and HABI-related cognitive impairment could be diluted by the inclu-
sion of individuals without HABI. Conceptual separation of HABI from
low cognitive performance is intended to improve clarity in this area.
Notably, this issue is not unique to HABI: many other causes of brain
injury have no definitive test and rely on clinical judgement of medical
history, risk factors and investigative findings. Although not always
straightforward, attempting to identify the relative contribution of
HABI to cognitive impairment isimportant, particularly as treatment
for HIV becomes more effective and widespread. This knowledge will
allow people living with HIV to better understand the risk of develop-
ing cognitive impairment and enable treatments to be tailored to the
cause of impairment.

Conclusions

In this Consensus Statement, we have outlined a series of recommen-
dations for anew approach to cognitive impairment in people living
with HIV. These recommendations reflect the consensus opinion of
our diverse group of experts and areintended to drive discussion and
debate towards the development of new criteria for cognitive impair-
ment in people living with HIV. Our recommendations will require
assessment, validation, refinement and abroader consensus within the
field. More detail willbe needed in several areas, including: which cogni-
tive tools and functional scales to use in different settings; which sta-
tistical methods to apply to determine low cognitive performance;
how best to obtaina history of cognitive symptoms; how to determine
severity of cognitiveimpairment; and how to interpretinvestigations of
HABI. Overall, our approachisintended to better represent the chang-
ing profile of cognitive impairmentin peoplelivingwith HIVin diverse
global settings and to provide a clearer framework of classification for
clinical management and research studies.

Published online: 13 June 2023
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