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Background. Human immunodeficiency virus (HIV)–associated neurocognitive disorders (HAND) are not routinely assessed
due to the lack of an adequate screening strategy. We aimed to develop a clinically relevant screening procedure for symptomatic
HAND, validated against a gold standard neuropsychological (NP) test battery.

Methods. Representative HIV-infected (HIV+) and demographically matched HIV-uninfected (HIV−) participants in an ob-
servational study completed a standard evaluation for mood, drug and/or alcohol use, and activities of daily living and a newly de-
signed 20-minute computerized CogState battery that assessed 5 cognitive domains. A subset completed standard NP assessment for
8 cognitive domains. HAND definition on screening and gold standard NP was determined using demographically corrected z scores
and the global deficit score (≥ 0.5), applying the Frascati criteria. Participants were blinded to screening results, and the NP examiner
was blinded to screening and HIV status.

Results. A total of 254 HIV+ participants were enrolled—mean age, 48.9 ± 10.2 years; median nadir CD4, 270 cells/mL; tertiary ed-
ucated, 54%; and HIV− controls, 72. HIV+ HAND screening prevalence was 30.7% (HIV-associated dementia, 3.2%; mild neurocognitive
disorder, 12.6%; and asymptomatic neurocognitive disorder, 15.0%; HIV− group: 13.9%; P = .004). Of the 75 participants who completed
the NP battery, the HAND rate in the HIV+ group was 50.9% vs 43.4% by screening (P > .50). HAND screening vs gold standard NP
sensitivity was 76% and specificity was 71%. Clinically relevant HIV-associated dementia and mild neurocognitive disorder sensitivity
was 100% and specificity was 98% (positive predictive value 0.92).

Conclusions. Symptomatic HAND warranting neurological review was accurately predicted using a CogState-based screening
procedure.
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Despite effective combination antiretroviral treatment (cART) with
virological suppression, human immunodeficiency virus (HIV)–
associated neurocognitive disorders (HAND) remain a major
neurological complication associated with HIV infection [1, 2].
Nondemented forms of the disease predominate in the cART
era. This clinical profile shift is described by the HAND Frascati
diagnostic criteria [3], with the following 3 clinical categories
based on disease severity and functional impact: asymptomatic
neurocognitive impairment (ANI), symptomatic mild neurocog-
nitive disorder (MND), and HIV-associated dementia (HAD).

Whether nondemented HAND (ANI and MND) represent
actual neuropathogenic entities is controversial [4, 5] despite
being tested against HIV neuropathological standards with
good sensitivity and specificity [6]. Neuropsychological (NP)
methods have substantially improved to better identify mild
forms of cognitive impairment, and there is strong evidence
that even in its mild form, HAND adversely impacts adherence
to medication adherence, quality of life, employment, and mor-
tality risk [5]. The potential progression of symptoms over time
causes concern in HIV-infected (HIV+) persons [7] and their
treating clinicians [8]. There is evidence for progression with
past MND/HAD [9,10], and recent longitudinal studies demon-
strate that even the mildest HAND (ANI) risks progression
within several years [11, 12].

In some challenges to the statistical grounding of ANI [13]
and MND [4], fundamental concepts in quantitative neuropsy-
chology were not optimally rendered [5]. Yet the question of the
clinical relevance of ANI remains because this level of neuro-
cognitive impairment is defined by no self-reported functional
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impact. Although mild HANDmay indicate ongoing HIV brain
injury, the lack of clear therapeutic guidelines (eg, effectiveness
of central nervous system [CNS]-penetrating cART remains
controversial) puzzles HIV physicians and may create anxiety
in some patients [14]. Moreover, usual HIV biomarkers are
often dissociated from these mild forms of HAND (eg, plasma
and/or CNS HIV viremia do not necessarily correlate with clin-
ical presentation) [14].

Advocates for HAND screening, while recognizing these con-
troversies, also emphasize that, first and foremost, not all HIV+
persons develop HAND [15].Second, while comprehensive NP as-
sessment is the gold standard for accurate HAND detection [3], it
remains costly and not widely available, even in high-income
countries. Third, a screening procedure that streamlines only
those needing comprehensive NP assessment is economically
and strategically efficient and aligns with best-practice care for
HIV+ individuals [16]. Fourth, HAND has been associated with
impaired adherence to cART [17], which can lead to poorer viro-
logical outcomes. Fifth, longitudinal studies have recently shown
that ANI may be an indicator of future deterioration [11, 12].
Sixth, with detection of HAND, practical coping strategies can
be instituted (eg, seeking social support and solution-focused
coping) [18, 19].

The lack of an adequate screening strategy has been a major
limitation to routine screening. Recommendations from a recent
review on HAND screening [20] suggest that an effective screen-
ing procedure must possess at least adequate criterion validity
across the entire HAND spectrum (ie, ANI, MND, and HAD).
However, most currently available screening tools fail to do this
[20, 21]. Furthermore, it is important that screening tools be ap-
plicable for nonspecialists often lack the time needed to address
the demands of an increasingly complex, chronic disease [16,
21]. The interpretation of results for many HAND screening
tools is impractical for the nonneuropsychologist [21]. A relevant
HAND screening tool must also be relatively simple, with rapid
administration while adhering to standard cognitive constructs
and reflecting the HAND Frascati criteria [3]. Computerized as-
sessment, administration, and scoring combined with sound NP
interpretation of results make such a screening procedure feasible.

Based on these considerations, we designed a study to validate
a new screening procedure for the detection of the HAND spec-
trum; determine the overall screening prevalence of HAND and
ANI, MND, and HAD in a representative community-based
HIV+ cohort; and determine to what extent HIV biomarkers,
history of HIV brain involvement, mild levels of non-HIV neu-
rological confounders, psychiatric confounders, and depressive
symptoms moderate HAND prevalence.

METHODS

Study Design
We present baseline data of a prospective observational study for
screening cognitive function in a community cohort. All participants

provided consent prior to study enrollment. The Bellberry
(HREC2011-04-228) ethics committee approved the protocol.

Site Characteristics and Study Population
HIV+ andHIV-uninfected (HIV−) participants attending a com-
munity practice with a high HIV caseload in Sydney, Australia
(Holdsworth House Medical Practice), completed baseline assess-
ments from October 2011 to October 2012. HIV+ participants
had documented infection, medical history, examination, and lab-
oratory results; were fluent in English; and were not intoxicated at
the time of their examination visit. HIV− participants had docu-
mented HIV-negative testing in the previous 12 months; they
were excluded with a history of clinically significant neurological
and psychiatric confounders to develop a local NP normative ref-
erence. HIV+ participants with a history of HIV brain involvement,
mild head injury, nonmajor stroke, hepatitis C virus (HCV) infec-
tion, current alcohol use disorder (AUD) or substance use disorder
(SUD), or current major depressive disorder were not excluded in
order to yield a representative community group.

Subset Who Completed the Gold Standard NP Battery
At study entry, all participants completed a brief CogState-
based screen. One quarter (N = 75) received the NP assessment:
this included those with HIV+ and having symptomatic (MND
or HAD) cognitive impairment (defined in Supplementary
Table 1) on screen; as well as a random sample of those
HIV+ screening asymptomatically impaired or normal, and
those who were HIV− (independent of screen status) (Figure 1).

Study Procedures
Medical Information and Psychological Measures

The practice study coordinator or nurse collected demographic
information and medical history. Participants also completed

Figure 1. CONSORT flow diagram of study participation. Abbreviations: ANI,
asymptomatic neurocognitive impairment; HAD, HIV-associated dementia; HIV,
human immunodeficiency virus; MND, mild neurocognitive disorder.
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standard self-report questionnaires regarding current mood (a
21-item depression, anxiety, stress scale (DASS-21) [22] and a
subsection of the mini international neuropsychiatric interview
[23] to determine current (12 months) AUD and SUD. Func-
tional status was evaluated with a standard self-report scale to
assess independence in activities of daily living (IADL), which
is widely used and validated in the HIV+ population [1, 24].
This scale documented current (within past month) and best
ever performance in 17 everyday activities including work effi-
ciency and cognitive and/or physical impairment changes. De-
cline in at least 2 activities determined a clinically significant
decline in ADL independence [24].

Cognitive Screen Procedure

A newly designed version of CogState that targets the HAND
spectrum was developed by L. A. C. in consultation with
P. M., based on findings from the initial Australian CogState
HIV study [25, 26]. This CogState version was used to assess
5 cognitive domains across 6 individual tasks: sustained atten-
tion, information processing speed, attention, working memory,
verbal learning, and verbal memory. Outcome measures were
speed (reaction time) and accuracy (see Supplementary Table 2).
CogState screen administrators were study staff trained over a
half-day by neuropsychologists prior to study commencement.
Standardized administration, including verbatim task instructions
and preemptive resolution of factors that could bias performance
(eg, wearing glasses, documentation of physical incapacities that
interfere with tasks, avoiding testing in the overtly unwell), were
emphasized.

Gold Standard NP Assessment

The standardized NP battery reflected the range of cognitive
functions typically assessed in Australian clinical practice [5],
with particular emphasis on HAND classification recommen-
dations for cognitive assessment [3]. NP testing was conducted
and scored by J. K., who was blind to HIV and CogState-based
screen impairment status.

Impairment Definition

Standard NP raw test scores for each NP measure were trans-
formed into a standard z score using formulas that were developed
in the HIV-negative and demographically comparable group for
each NP measure (see details about norming procedure in the
Supplementary Materials). Next, the z scores were transformed
into deficit scores: 0, no impairment (z score≥−1.0); 1, mild im-
pairment (z score <−1.0 to−1.5); 2, mild tomoderate impairment
(z score < −1.5 to −2.0); 3, moderate impairment (z score < −2.0
to −2.5); 4, moderate to severe impairment (z score < −2.5 to
−3.0); and 5, severe impairment (z score < −3.0). Individual def-
icit scores were averaged as a summary score, that is, the global
deficit score (GDS, continuous score), and the HAND classifica-
tion (ANI, MND, or HAD) was derived via the procedure out-
lined by Blackstone et al [27]. Specifically, GDS≥ 0.5 and no

IADL decline = ANI; GDS≥ 0.5 and mild to moderate IADL de-
cline =MND or GDS≥ 0.5–1.5 and any IADL decline =MND;
GDS ≥ 1.5 and severe IADL decline = HAD. To differentiate
among ANI, MND, and HAD, we used IADL as well as any clin-
ical evidence of IADL decline (eg, medical record, nurse informa-
tion). Note that a GDS > 0.5 (impairment cutoff) for the screen
and a GDS≥ 0.5 for the NP yielded the best sensitivity and spe-
cificity (Supplementary Material; Supplementary Figure 1).

Records of HIV Brain Involvement and Non-HIV–Related

Confounds

HIV brain involvement and non-HIV related confounds were
self-reported and confirmed on medical records and classified
as follows: a history of HIV brain involvement included cases
with past HAND and/or CNS opportunistic infections
(N = 32, 7 with CNS opportunistic infection that had been treat-
ed prior to study entry in the sense that those were not currently
active). A history of non-HIV neurological or psychiatric con-
dition included (N = 39): 4 cases with mild stroke, 1 case with
mild stroke and SUD, 26 cases with mild to moderate traumatic
brain injury, 5 cases with mild to moderate traumatic brain in-
jury and SUD, 1 case with mild traumatic brain injury and
AUD, and 2 cases with mild to moderate traumatic brain injury
and AUD as well as SUD. In terms of HCV status, we found that
12 HIV+ and no HIV− participants had detectable HCV RNA.
Because this small number did not allow for robust statistical
analyses, it was not further considered. Mood was investigated
separately and in relation to confounders since impact on neu-
rocognitive functions may be systematic or part of HAND clin-
ical presentation [28]. The DASS total score and a clinically
relevant cutoff (ie, raw score >13) were used to determine de-
pressed vs nondepressed status.

Statistical Analyses
The study was powered to enroll 250 HIV+ and 70 HIV− partic-
ipants based on HAND prevalence, approximately 35% in HIV+
and 10% in the HIV− individuals. This rate combines HAND
prevalence in nonadvanced HIV infection (20%–30%; [29]), and
the inclusion of history of brain HIV involvement and non-HIV
confounders to produce a representative cohort—confounders
that typically increase cognitive impairment rate [2, 9]. The rate
in HIV− participants was a conservative estimate of HAND Fras-
cati criteria applied to a screen for 5 cognitive domains [30], trans-
lating into a medium effect size (Cohen d = 0.5) on the CogState
GDS (96% power to detect a 0.5 difference between the HIV+ and
HIV− sample).

The validity for the screen was based on the capacity of the
selected gold standard NP test battery to accurately detect
HAND [5].

Aim 1: Screen Validation

We aimed to establish criterion validities between the NP gold
standard and CogState-based screen, DAGStat [31] compute
overall impairment rate, and HAND severity via sensitivity,
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specificity, PPP (the probability an individual has HAND given
their positive screen result), NPP (the probability an individual
does not have HAND given their negative screen result), and
overall correct classification rate (CCR).

Aim 2: HAND Screen Prevalence

χ2 C tests were used to compare rates of impairment defined by
the GDS between the HIV− and HIV+ groups.

Aim 3: HIV Biomarkers, Confounds, and Depression Status

Analyses

Correlation analysis was used to determine the extent to which
confounders were independent from one another. Linear regres-
sion analysis was used to assessed the effect of nadir and current
CD4, plasma HIV RNA detection, US Centers for Disease Control
and Prevention status (C vs other), cART status (on/off ), and
cART penetration effectiveness score (CPE; high ≥ 7) on the
CogState continuous GDS. Confound proportions were compared
between the HIV+ and HIV− groups using t test or χ2 test

appropriate. In the HIV+ group, point biserial correlations deter-
mined the extent of confound independence (yes/no variables
were coded into dummy variables as 1/0, respectively). Linear re-
gression analysis was used to assess confounders that had a prima-
ry impact on the CogState continuous GDS. Statistical significance
was set as P < .05 when interpreting size of effect given the sample
size. These analyses were conducted in JMP V.12 (SAS).

RESULTS

Over 12 months, 326 of 395 participants were enrolled (83% re-
cruitment). Of those who did not enroll, demographic and clinical
characteristics were similar between the HIV+ and HIV− groups
(data not shown). The demographics and clinical characteristics
of the 254 HIV+ participants and 72 HIV− who completed the
study are outlined in Table 1.

Aim 1: Screen Validation
A total of 53 HIV+ and 22HIV− controls completed the brief Cog-
State-based screen and NP assessment. Figure 2 presents the crite-
rion validity indexes of the CogState-based screen compared with
the NP gold standard. When considering the whole sample (HIV+
and HIV−), sensitivity was 73% (95% confidence interval [CI],
52%–88%] and specificity was 82% (95% CI, 68%–91%). The
CCR was 79% (95% CI, 68–87). The HIV+ group sensitivity was
76% (95% CI, 55%–91%) and specificity was 71% (95% CI,
51%–87%). CCR was 74% (95% CI, 60%–85%). When considering
MND/HAD, CogState yielded almost perfect criterion validity

Table 1. Demographic and Clinical Characteristics in the Study
Population Stratified by Human Immunodeficiency Virus Status

Characteristic
HIV+

n = 254
HIV−
n = 72

P
Value

Age (median y) 48.5 (15.1) 48.7 (12.0) 0.9

Gender (% male) 99.6 97.2 0.06

Ethnicity

White (%) 86.6 90.3 0.42

Asian (%) 5.1 8.3 0.32

Education

Primary (%) 1.1 0.0 1.0

Secondary (%) 29.5 23.6 0.38

Trade school (%) 17.3 13.9 0.45

College (%) 52.0 62.5 0.12

History of HIV-associated brain involvement (%) 12.6 . . . . . .

Non-HIV central nervous system condition (%) 15.3 . . . . . .

Depressive symptoms (depression anxiety
stress scale > 13; %)

26.0 19.5 0.25

Alcohol use disorder (current 12 mo; %) 9.2 5.6 0.33

Substance use disorder (current 12 mo; %) 19.9 2.8 0.0005

Hepatitis C virus RNA positive (%)a 4.1 0.0 0.04

HIV men-who-have-sex-with-men
transmission (%)

92.9

Duration of HIV (mean y) 14.1 ± 8.6 . . . . . .

Centre for Disease Control category C (%) 15.4 . . . . . .

Plasma HIV RNA <200 copies/mL (%) 83.4 . . . . . .

Plasma HIV RNA <50 copies/mL (%) 78.7 . . . . . .

CD4+ T lymphocyte count (median cells/µL) 592 (355) . . . . . .

Currently taking cART (%) 91.7 . . . . . .

High central nervous system penetrating-
effectiveness cART regimen (≥7; %)b

87.0 . . . . . .

Data presented as %, median (interquartile range), or mean ± standard deviation.

χ2 analyses were used to assess difference between groups.

Abbreviations: cART, combination antiretroviral therapy; HIV, human immunodeficiency
virus.
a Prevalence included those with a documented hepatitis C virus test.
b [38].

Figure 2. Criterion validity of the CogState-based screen. Sensitivity is the pro-
portion of individuals identified as impaired on both the gold standard and the
screen. Specificity is the proportion of individuals identified as unimpaired on
both the gold standard and the screen. PPP is the probability an individual has
human immunodeficiency virus (HIV)–associated neurocognitive disorders (HAND)
given their positive screen result. NPP is the probability an individual does not
have HAND given their negative screen result. Abbreviations: HAD, HIV-associated
dementia; MND, mild neurocognitive disorder.
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(sensitivity = 100%, specificity = 98%; 95% CI, 87%–100%);
PPP = 92% (95%CI, 90%–100%), negative predictive value = 100%,
and CCR = 98% (95% CI, 90%–100%). The single misclassified
case (impaired on the screen and not on the gold standard) had
a history of toxoplasmosis, was otherwise high functioning, and
had mild to moderate impairment in CogState-screen battery reac-
tion time and 1 of the working memory tasks. On the gold stan-
dard, he performed well on all tests except for 1 measure of
working memory. We note that another article focuses on this
part of the study, with comprehensive details about the neuropsy-
chology procedure. The primary information has been summarized
in the supplementary material (Supplementary Table 2).

Aim 2: Screen HAND Prevalence
Prevalence of HAND in this community sample was 30.7% in
HIV+ participants, which was significantly different from the
impairment rate in HIV− individuals (13.8%; P = .004; Supple-
mentary Figure 2). The prevalence of the 3 HAND categories in
the HIV+ group indicated that ANI (15.0%) and MND (12.6%)
were the most common presentations, greater than HAD (3.2%).

Aim 3: HIV Biomarkers, Confound, and Depression Effects on
Neurocognitive Performance
Based on univariate analyses results (presented in Supplementary
Materials), the multivariate regression analyses included depression
levels, HIV brain involvement history, and non-HIV–associated
confounders. The overall R2 model was significant (R2 = 0.09;
P = .002). HIV brain involvement history remained an independent
predictor of neurocognitive performance on the CogState GDS (Std
β = 0.25; P < .001), while depression status showed a positive trend
(Std β = 0.11; P < .06). For clinical relevance, the depression and
HIV brain involvement history data across the HAND categories
are presented in Figure 3. Most HAD cases had previous HIV
brain involvement, while the proportion in ANI and MND was
equivalent. Notably, all cases with HAD reported a clinically sig-
nificant level of depression.

In the HIV+ group, depression and confounders were related
(Table 2). Correlations were of small size but significant because
of the sample size (n = 254). They indicated an association be-
tween a history of HIV brain involvement and the presence of
depression. Moreover, the presence of depression was associated
with current AUD and/or SUD.

DISCUSSION

We are the first to develop a screening procedure that yields
HAND classifications according to the Frascati criteria, con-
comitantly documenting cognitive and ADL functioning [3],
in a fairly large representative community cohort. Our study
demonstrated the feasibility of HAND screening in HIV clin-
ics by nonspecialists who are trained by neuropsychologists.
This study does not oppose standard NP testing but rather
streamlines testing for patients who need it the most, creating
sustainable and targeted care pathways [32].

The screening uptake rate for this type of cohort (83%) suggests
that there is a demand in themajority of HIV+ patients for HAND
screening and that there is a need to know if these patients are still
functioning well cognitively [7]; a normal screen provides a reas-
suring result. Our study also suggests that psychiatric conditions
are complexly linked with the presence of HAND rather than sim-
ply additive or superseding. This would suggest a combined care
approach for patients with premorbid anxiety-related depression.

With this new screening procedure, we were able to classify
HAND to a level similar to that of the gold standard NP assess-
ment. Sensitivity and specificity for MND and HAD (the most
clinically relevant level in frontline HIV care) was excellent, ex-
ceeding the approximately 85% sensitivity and specificity found
in other studies. In our study the only misclassified case had low

Figure 3. (A) Human immunodeficiency virus (HIV)–associated brain involvement
history. (B) Depression categorized by HIV–associated neurocognitive disorders
classification. Abbreviations: ANI, asymptomatic neurocognitive impairment; HAD,
HIV-associated dementia; HIV, human immunodeficiency virus; Hx, history; MND,
mild neurocognitive disorder.
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performance on reaction time; this could be improved in future
studies by including reaction time in the NP standard. The
screening procedure enabled us to readily target the more ad-
vanced patients who most required neurological follow-up
and could be of great practical utility in the clinic setting. Future
work may assist in delineating the role of this screening proce-
dure in long-term monitoring.

When the entire HAND spectrum was considered, the sensi-
tivity and specificity of the current screening procedure was ad-
equate and in line with the best available screens [20, 21] but less
than ideal for HIV frontline care (misclassification rate of 30%).
A potential solution for this problem may be to develop new
ways of conceptualizing impairment, as recently proposed
[33]; however, further validation would be required. An alterna-
tive would be to monitor patients with ANI by longitudinally
rescreening and managing them in the wider context of their
disease (eg, risks for cardiovascular disease, depression, cART
adherence, and retention in care). Importantly, in this study, pa-
tients with comorbidities were identified but not excluded in
order to develop screening tools that are appropriate and imple-
mentable in the general HIV clinic setting and applicable to a
wide range of patients, including complex cases.

Prevalence of HAND (30.7%) in a relatively healthy, well-educated
(even by Australian general population standards) HIV+ commu-
nity cohort was approaching the hypothesized rate of 35%. It was
significantly higher than for the HIV− controls (patients attend-
ing the same practice), bringing further confidence in our meth-
ods. This result is in contrast to results from a European study [34]
that did not show statistical significance between HIV+ and HIV−
participants when another version of CogState and different defi-
nitions of impairment were used. When we focused only onMND
and HAD (15.8%), our rate of impairment was also higher than in
a similar community cohort (7%) [35], suggesting that our screen-
ing method is powerful, with near perfect criterion validity. Our
results question the need to revise the HAND criteria [4, 13, 34].
Rather, our method can be used by carefully implementing rele-
vant criteria by not mixing concepts of tests and individual mea-
sures and by empirically grounding the statistical validity of the

impairment definition (in screens and test battery) chosen, while
using appropriate control groups.

Not all participants underwent NP testing, and that is a lim-
itation of our study. While testing all participants would have
been optimal, it was not possible due to limited resources. How-
ever, we devised a strategy to ensure that normal performance as
well as the entire HAND spectrum was adequately represented
(ANI, MND, and HAD). This meant that the specificity and
sensitivity of the screening compared with the comprehensive
NP testing was based on optimal power and had strong validity
and adequate generalizability to the rest of the sample. The
cross-sectional assessment has yet to be validated longitudinal-
ly, especially for those with ANI. The population in the commu-
nity clinic was predominantly white, men who have sex with
men, virologically well controlled, and well educated. Although
similar to other Australian settings, our results may not directly
translate to other HIV clinical settings. Nevertheless, the Cog-
State screening battery was chosen for its ease of use in a com-
munity clinic and because it is readily adaptable for other
language and cultural settings.

Finally, past HIV-associated head injury but no common HIV
biomarkers were associated with current HAND, indicating a
need for newmarkers that could be identified in HIVHANDman-
agement. The analyses of the CPE score should be viewed cautious-
ly as the majority of patients had high CPE scores and channelling
bias is also possible, which was the case for another very large ret-
rospective study [36]. The effect of cART cannot be reliably estab-
lished in nonrandomized prospective studies [37].

Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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