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Abstract

Introduction—As the HIVV+ population ages, the risk for and need to screen for HIV-associated
neurocognitive disorders (HAND) increases. We aimed to determine the utility and ecological
validity of the Montreal Cognitive Assessment (MoCA) among older HIV+ adults.

Method—One hundred HIV+ older adults (=50 years) completed a comprehensive neuromedical
and neurocognitive battery, including the MoCA and several everyday functioning measures.

Results—Receiver operating characteristic curve indicated <26 as the optimal cut-point
balancing sensitivity (84.2%) and specificity (55.8%) compared to ”gold standard” impairment as
measured on a comprehensive neuropsychological battery. Higher MoCA total scores were
significantly (p-values < 0.01) associated with better performance in all individual cognitive
domains except motor abilities, with the strongest association with executive functions (r = —0.49,
p<0.01). Higher MoCA total scores were also significantly (p-values < 0.01) associated with
fewer instrumental activities of daily living declines (r = —0.28), fewer everyday cognitive
symptoms (r = —0.25), and better clinician-rated functional status (i.e., Karnofsky scores; r =
0.28); these associations remained when controlling for depressive symptoms. HIVV+ individuals
who were neurocognitively normal demonstrated medium-to-large effect size differences in their
MoCA performances than those with asymptomatic neurocognitive impairment (d=0.85) or
syndromic HAND (mild neurocognitive disorder or HI\-associated dementia; d=0.78), while the
latter two categories did not differ.
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Conclusions—Although limited by less than optimal specificity, the MoCA demonstrated good
sensitivity and ecological validity, which lends support to its psychometric integrity as a brief
cognitive screening tool among older HIV+ adults.
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Introduction

HIV-infected (HIV+) individuals are reaching life expectancies nearly comparable to HIV-
negative individuals (May et al., 2014). In 2012, ~40.1% of persons with HIV-infection in
the U.S. were 50 years or older (Centers for Disease Control, 2015). Effective treatment has
decreased the prevalence of HIV-associated dementia (Dore et al., 2003; Robertson et al.,
2007; Sacktor et al., 2002); however, milder forms of HIV-associated neurocognitive
disorders (HAND) are still observed in an estimated 30-50% of HIV+ individuals (Heaton
et al., 2011). Older HIV+ adults show two to three times higher risk for neurocognitive
impairment as compared to younger HIV+ adults (Valcour et al., 2004) and a seven-fold risk
compared to healthy comparison groups (Sheppard et al., 2015). HIV-related impairments
commonly affect executive functions (ludicello, Woods, Deutsch, Grant, & Group, 2012),
episodic memory (Sacktor et al., 2007), prospective memory (Doyle et al., 2012; Woods,
Dawson, Weber, Grant, & Group, 2010), and processing speed (Fellows, Byrd, & Morgello,
2014), and are associated with poorer everyday outcomes (e.g., antiretroviral nonadherence,
dependence on activities of daily living; (Hinkin et al., 2004; Moore et al., 2014; Morgan et
al., 2012; Rodriguez-Penney et al., 2013).

Given the aging of the HIV+ population (Centers for Disease Control, 2015) and prevalence
of HAND, psychometrically sound neurocognitive screeners are needed to detect those
among this vulnerable population who are experiencing neurocognitive difficulties. Best
practices for diagnosing HAND include a comprehensive neuropsychological evaluation
(Antinori et al., 2007), which is often not feasible for highly-impacted primary care or first-
line specialty clinics. Precise, broad, sensitive, specific, brief, and low resource burden
neurocognitive screening tools are necessary for identifying patients that may require a more
comprehensive evaluation (Finkel, 2003). The Montreal Cognitive Assessment (MoCA) was
developed for this purpose (Nasreddine et al., 2005), and has been validated in numerous
clinical populations, including Alzheimer’s disease (Freitas, Simoes, Alves, & Santana,
2013; Nasreddine et al., 2005), Parkinson’s disease (Dalrymple-Alford et al., 2010; Gill,
Freshman, Blender, & Ravina, 2008), stroke (Burton & Tyson, 2015), substance use
disorders (Copersino et al., 2009), and cardiovascular disease (McLennan, Mathias,
Brennan, & Stewart, 2011). The MoCA is popular because it is free, brief, more sensitive
(Damian et al., 2011; Tsoi, Chan, Hirai, Wong, & Kwok, 2015), and more accurate in
detecting cognitively impaired patients at higher risk for developing dementia than other
widely-used neurocognitive screeners such as the Mini-Mental State Exam (MMSE; (Dong
etal., 2012).
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Although it is an empirically supported screener, relatively limited research exists on the
efficacy of the MoCA to detect neurocognitive impairment among HIV+ patients as
compared to other populations, and there is little to no research on the association of the
MoCA with everyday functioning outcomes among o/der HIV+ adults. The latter is
particularly important in determining the clinical relevance and ecological validity of the
MoCA. Some studies converge to support the MoCA as a practical and valid neurocognitive
screening tool in HIV+ adults (Brouillette et al., 2015; Chartier et al., 2015; Hasbun et al.,
2012; Koski et al., 2011; Ku et al., 2014; Overton et al., 2013; Robbins et al., 2013; Valcour,
2011), although not sufficient as a stand-alone tool for diagnosing HAND (Chartier et al.,
2015; Janssen, Bosch, Koopmans, & Kessels, 2015). To our knowledge, only one study has
examined the MoCA as a neurocognitive screener in older HIV+ adults and found the
MoCA moderately sensitive and specific for HIV+ adults aged 60 and older, yielding 72%
sensitivity and 67% specificity with a cut-off of <25 (Milanini et al., 2014). However, the
utility of the MoCA in predicting real-world outcomes important for treatment planning is
not well understood.

The purpose of this study was to expand the current literature by examining the MoCA'’s
ability to identify “gold standard” neurocognitive impairment in a representative and well-
characterized cohort of HIV-infected adults aged 50 and older (Centers for Disease Control,
2008; Stoff, Khalsa, Monjan, & Portegies, 2004). Additionally, we assessed the external
validity of the MoCA by examining its associations with several indices of everyday
functioning: self-reported everyday functioning and cognitive symptoms, as well as
clinician-rated functional performance. External validity is of critical importance in
determining implications for real-world outcomes. By comparing MoCA with a
comprehensive “gold-standard” neurobehavioral battery, more accurate analyses can be
made to determine sensitivity, specificity, and its overall accuracy as a neurocognitive
screening tool in older HIV+ adults.

Subjects and Procedure

This study included 100 community-dwelling HIV-infected adults aged 50 years and above
from the Successfully Aging Seniors with HIV (SASH) study conducted at University of
California, San Diego (UCSD) HIV Neurobehavioral Research Program. The study was
approved by the UCSD Institutional Review Board, and all participants provided written
informed consent. Given that the goal of the larger SASH study was to include a
representative cohort of HIV+ subjects, exclusion criteria were generally minimal with the
exception of acute intoxication (e.g., positive urine toxicology screen), other
neurodegenerative conditions (e.g., Parkinson’s Disease) and psychotic disorders (e.g.,
schizophrenia). Participants were reviewed for severe confounding neuromedical conditions
that might negatively affect neurocognitive functioning and thus preclude a true HAND
diagnosis as one would be unable to attribute impairment to direct effects of HIV (using
validated methods described in detail elsewhere; i.e., (Heaton et al., 2010). Severe confound
status was determined by two independent raters blinded to neuropsychological status
(Master’s- and Doctoral-level psychology trainees; KBC and PLF, respectively) and
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confirmed by a clinical neuropsychologist (DJM). Severely confounded comorbidities in this
sample were generally operationalized as: stroke, myocardial infraction, neurosyphilis,
and/or severe head injury (e.g., coma with sequelae). Given the relatively small subset of
participants classified as severely confounded (n = 16) as well as the high prevalence of
neurological comorbidities in the general HIV population (and the need for screening for
neurocognitive dysfunction in these individuals), we chose to include the entire cohort to
enhance the ecological validity and generalizability of our study to the broader HIV
population. Nonetheless, we examined whether exclusion of these 16 participants meeting
severe confounding criteria impacted the psychometrics of the MoCA in detecting “gold
standard” impairment. All subjects completed the MoCA, a comprehensive neurocognitive
and neuromedical assessment, and everyday functioning questionnaires. Depressive
symptoms were measured using the Beck Depression Inventory-I1 (BDI-II; (Beck, Steer, &
Brown, 1996). Substance use disorders (i.e., including any current or past diagnosis of
substance abuse and/or dependence) and major depressive disorder (MDD) diagnoses were
assessed via the computer-assisted Composite International Diagnostic Interview, version
2.1 (Wittchen, 1994).

Montreal Cognitive Assessment (MoCA)—The MoCA is a nonproprietary, paper-and-
pencil, brief (~10 minutes) cognitive screener used to assess major cognitive domains (i.e.,
attention, concentration, executive functions, memory, language, visuospatial skills,
abstraction, calculation and orientation; (Nasreddine et al., 2005). The 10 items summed to
create the total score include: visuospatial/executive (trail making, clock drawing, and cube
drawing), naming (animals), memory (delayed recall), attention (digit span, vigilance, serial
7’s), language (sentence reading, fluency), abstraction, and orientation. The MoCA is scored
out of 30 possible points, with higher scores indicating better functioning. Per MoCA
guidelines, an education correction of 1 point was added to the total score for subjects with <
12 years of education.

Neuropsychological and Everyday Functioning Measures

Neurocognitive | mpair ment: “Gold standard” neurocognitive impairment was classified
via clinical ratings (CRs) using consensus research-based criteria (i.e., Frascati criteria;
(Antinori et al., 2007) and using an approach consistent with the large multi-sitt CHARTER
studies (Heaton et al., 2010; Heaton et al., 2011). The neurocognitive battery assessed the
following seven domains commonly affected by HIV (Antinori et al., 2007): verbal fluency,
abstraction/executive functioning, speed of information processing, visual and verbal
learning, visual and verbal delayed recall (memory), attention/working memory, and motor
skills (see Table 1 for a list of tests comprising each domain as well as sources of normative
data). Raw neurocognitive test scores were converted into T-scores (standard scores with a
mean of 50 and SD of 10) using demographically adjusted norms to control for the effects of
age, education, gender, and where available race/ethnicity (Cherner et al., 2007; Heaton,
Miller, Taylor, & Grant, 2004; Heaton, Taylor, & Manly, 2002; Norman et al., 2011).
Demographically-corrected T-scores were used to assign algorithm-derived CRs for each of
the seven neurocognitive domains (=55 = CR 1 [above average]; 45-54 = CR 2 [average];
40-44 = CR 3 [low average]; — = CR 4 [borderline]; 35-39 = CR 5 [definite mild
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impairment]; 30-34 = CR 6 [mild-to-moderate impairment]; 25-29 = CR 7 [moderate
impairment]; 20-24 = CR 8 [moderate-to-severe impairment]; <19 = CR 9 [severe
impairment]) (Woods et al., 2004). A global CR of =5 is indicative of neurocognitive
impairment and requires at least two domains in the impaired range. Although there are
nuances based on the number and types of measures in a domain, as well as pattern of
impairment, in general, a global CR is calculated as the lowest domain CR minus one. In
this manner, impaired domains are given particular weight in CR calculations (i.e., not
necessarily an average). See Woods et al. (2004) for a more detailed discussion of the
application and validation of clinical ratings. Thus, the “gold standard” CR impairment
outcome included the Frascati criteria for HAND, which necessitates mild impairment in at
least two cognitive domains vs. neurocognitively normal.

For subsequent analyses, we also included everyday functioning measures to differentiate
among ANI (asymptomatic neurocognitive impairment), mild neurocognitive disorder
(MND) and HIV-associated dementia (HAD) again following the Frascati criteria (Antinori
et al., 2007). Neurocognitively normal was defined as those with CR <4; ANI included those
classified as globally impaired (CR =5) but without everyday functioning impairment; MND
included those with global CR =5 who additionally demonstrated functional impairment
quantified by at least two of the following: IADL dependence (details below), at least three
significant everyday cognitive symptoms (Patient’s Assessment of Own Functioning
Inventory [PAOFI] explained further below), and/or employment problems (participant must
be unable to work due to cognitive problems and/or express difficulty with work due to
cognitive problems); HAD included those with a CR =7 who also demonstrated IADL
dependence, at least four significant everyday cognitive symptoms, and were unemployed
due to cognitive problems.

Everyday Functioning M easures. Instrumental activities of daily living (IADL)
dependence was measured using a revised version of the Lawton and Brody (1969) self-
report measure of everyday functioning (Heaton, Marcotte, et al., 2004; Woods et al., 2008).
On the IADL questionnaire, participants rated current abilities compared to previous levels
of functioning across 12 domains: housekeeping, home repairs, laundry, managing finances,
managing medications, shopping, buying groceries, cooking, working, transportation,
understanding written material/television, and using the telephone. Total number of IADL
declines was derived as a continuous score (possible range: 0-12), and was used as the main
outcome for this measure in the current study; participants who endorsed =2 declines and
indicated that the decline was at least partially attributable to cognitive problems were
classified as “IADL dependent” (a criterion for syndromic HAND). In the current cohort, the
most common IADL declines were in the following domains: working (58%), housekeeping
(22%), home repairs (18%), and understanding written material/television (16%).

The Patient’s Assessment of Own Functioning Inventory (PAOFI) is a self-report measure
used to measure perceived cognitive symptoms in everyday life across the domains of
memory, language and communication, use of hands, sensory-perceptual, higher level
cognitive and intellectual function, and work (if applicable) (Chelune, Heaton, & Lehman,
1986). A sample item from the memory section includes: “How often do you forget
something that has been told to you within the last day or two?” (Likert-type scale
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responses: “Almost always”, “Very often”, “Fairly often”, “Once in a while”, “Very
infrequently”, and “Almost never”). Items endorsed as “fairly ofter’ or greater were
classified as “significant” cognitive symptoms. The primary outcome on the PAOFI was the
number of significant everyday cognitive symptoms (possible range: 0-34).

Last, overall clinician-rated daily functioning was assessed via the Karnofsky Scale of
Performance Status, in which a certified nurse assigned an overall functional impairment
rating ranging from 100 to 0 (e.g., 100 = normal, no complaints, and no evidence of disease;
50 = requires occasional assistance, but is able to care for most of his/her personal needs; 0
= death; (Karnofsky & Burchenal, 1949).

Statistical Analyses

Results

Given the heterogeneity and complex medical histories of many HIV+ patients, primary
analyses included the full sample, as our goal was to examine the MoCA’s utility in
detecting neurocognitive impairment regardless of etiology. A receiver operating
characteristic (ROC) curve was plotted for the MoCA and was used to determine the optimal
cut-off score by producing a Yuden’s index value (one minus specificity subtracted from
sensitivity; (Fluss, Faraggi, & Reiser, 2005; Loong, 2003). The area under the curve (AUC)
with 95% confidence intervals (CI) was used as an indicator of the utility of the MoCA to
differentiate between subjects with and without “gold standard” CR neurocognitive
impairment. We then re-conducted this analysis excluding the 16 participants with severe
neuromedical confounds to determine if this impacted the psychometrics of our initial
analysis (i.e., we examined whether the MoCA was comparably sensitive and specific to
HIV-related impairment [i.e., HAND], which cannot be ascertained in those with severe
confounds). We then used Pearson’s r correlation analyses to examine the association
between MoCA total scores and each of the following: neurocognitive domain performance
(CRs); clinico-demographic factors; and the three everyday functioning outcomes (IADL
declines, cognitive symptoms [i.e., PAOFI], and Karnofsky score). Given the important role
of depressive symptoms in everyday functioning outcomes (Thames et al., 2011), in order to
determine whether depressive symptoms influenced our univariate associations between
MoCA and the everyday functioning outcomes, we conducted multivariable linear
regressions controlling for BDI-1I. Finally, among those in whom an HIV-related
neurocognitive diagnosis could be made (i.e., excluding n=16 with severe neuromedical
confounds), we conducted analysis of variance (ANOVAS) to compare the utility of the
MoCA in differentiating neurocognitively normal versus non-syndromic (i.e., ANI), and
syndromic (i.e., MND or HAD) HAND.

See Table 2 for full sample descriptive statistics. ROC analysis for the MoCA revealed a cut-
point of <26 as the most optimal balance of sensitivity (84.21%) and specificity (55.81%)
(AUC =70.42 [95% CI -0.49 to —0.14, p < 0.01]; PPV = 71.64%; NPV = 72.73%; accuracy
= 72.00%; Yuden’s index = 40.02; Kappa = 0.41, p< 0.001). (Figure 1). This cut-point
yielded 48 true positives (dually impaired, 48%), 24 true negatives (dually normal, 24%), 9
false negatives (gold standard impaired only, 9%), and 19 false positives (MoCA impaired
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only, 19%). MoCA impaired subjects comprised 67% of the sample while the “gold
standard” impairment rate was 57%. See Figure 1 for data illustrating several MoCA cut-
points. A subanalysis was conducted restricting the sample to participants without severe
contributing neuromedical comorbidities (and thus allowing for a HAND diagnosis to be
assigned as impairments were likely due to HIV) (n = 84) and the ROC analysis yielded the
same cut-off of <26 as within the full sample and very similar values as those in the larger
sample: sensitivity = 86.36%; specificity = 57.50%; AUC = 71.19 (95% CI -0.52 to -0.14
p< 0.01); PPV = 69.09%; NPV = 79.31%; accuracy = 72.62%; Yuden’s index = 43.86;
Kappa = 0.44, p< 0.001. This cut-point yielded 38 true positives (dually impaired, 45.24%),
23 true negatives (dually normal, 27.38%), 6 false negatives (gold standard impaired only,
7.14%), and 17 false positives (MoCA impaired only, 20.24%). Furthermore, within the
sample excluding severely confounded subjects, the HAND prevalence was 52% (39% [n =
33] AN, 12% [n = 10] MND, 1% [n = 1] HAD). We then examined the association between
MoCA total scores and each of the domain-level as well as global gold standard
neurocognitive performances (CRs). All of the domain and the global neurocognitive
performances demonstrated medium-sized associations with MoCA total scores (p-values <
0.01), with the exception of motor (r = -0.11, p= 0.26) (verbal: r = —0.34; working memory:
r = —0.38; executive functions: r = —0.49; speed of information processing: r = —=0.31;
learning: r = -0.39; recall: r = -0.30; global: r = —-0.44).

To assess external and ecological validity of the MoCA, we examined associations between
MoCA total scores and clinico-demographic factors and everyday functioning outcomes.
Better total MoCA scores were associated with higher educational levels (r = 0.35, p<
0.001) and current CD4 (r = 0.23, p=0.02), as well as White race (Cohen’s D =0.83, p<
0.01), and HCV seronegativity (Cohen’s D = 0.54, p= 0.03). Regarding everyday
functioning, MoCA total scores demonstrated small-to-medium effect sizes with all three
functional outcomes: IADL declines (r = —0.28); everyday cognitive symptoms (PAOFI
total; r = —0.25); Karnofsky total (r = 0.28) (p-values<0.01).

Given the strong association between BDI-I1 scores and all three functional outcomes (all o
values < 0.001) and the established association between affective distress and self-report
measures of everyday function in the literature, we conducted independent multiple linear
regression analyses examining the relationship between the MoCA and each of the
functional outcomes covarying for BDI-I1 scores. In all three models, MoCA total remained
an independent predictor of everyday outcomes (IADL declines: R2=0.21, F(2,97)=13.26, p
< 0.001; MoCA: B = —0.27, partial correlation = —0.29, tolerance = 0.999, Cl = -0.06 to
-0.32, p=0.004; BDI-II: p = 0.37, partial correlation = 0.38, tolerance = 0.999, Cl = 0.04 to
0.12, p< 0.001; Karnofsky: R2=0.22, F(2,90)=12.50, p< 0.001; MoCA: B = 0.26, partial
correlation = 0.28, tolerance = 0.998, Cl = 0.26 to 1.53, p=0.006; BDI-II: p = —0.37, partial
correlation = —0.39, tolerance = 0.998; Cl = -0.59 to —0.20, p = 0.0001; cognitive
symptoms: R2=0.44, F(2,97)=37.55, p< 0.001; MoCA: B = -0.23, partial correlation =
-0.29, tolerance = 0.999, Cl = -0.18 to —0.88, p=0.003; BDI-II: = 0.61, partial
correlation = 0.63; tolerance = 0.999, Cl = 0.32 to 0.53, p< 0.001). Notably, the MoCA was
not univariably associated with current depressive symptoms (r = — 0.04, p=0.72).
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Finally, we assessed the validity of the MoCA in differentiating between syndromic and
non-syndromic HAND in the subset of HIV individuals without severely confounding
conditions (n = 84). First, we found that there was a significant omnibus difference (F[2,81]
=7.11, p = 0.001) between those subjects classified as neurcognitively normal, non-
syndromic, and syndromic HAND on MoCA total scores (Mean (SDs): 26.48 (2.68), 24.12
(2.88), 24.36 (2.91), respectively). Tukey’s pairwise tests showed that neurcognitively
normal subjects demonstrated large effect size differences on the MoCA compared to non-
syndromic (Cohen’s D = 0.85, p < 0.01) and syndromic (Cohen’s D = 0.78, p = 0.07)
HAND individuals, while the non-syndromic and syndromic HAND did not differ (p =
0.97).

Discussion

We found a cut-off of <26 as the most optimal balance of sensitivity and specificity, which is
somewhat higher than the <25 cut-point found in other studies in HIV (Chartier et al., 2015;
Hasbun et al., 2012; Janssen et al., 2015; Ku et al., 2014; Milanini et al., 2014; Overton et
al., 2013). Moreover, the optimal MoCA cut-off remained the same when participants with
significant confounding neuromedical factors (e.g., history of stroke, severe head injury)
were excluded from analyses. This latter finding is important, as it suggests that the MoCA
is not only able to appropriately detect impairment in those with complex medical
backgrounds and HIV, but does an equally effective job of detecting specific HIV-related
impairment (i.e., impairment can be attributed to HIV rather than severe confounds that
would preclude a true HAND diagnosis).

We also showed that MoCA total scores demonstrated medium-sized associations with
performance in all of the individual neurocognitive domains with the exception of motor
abilities, with the strongest association found between MoCA and executive functions.
These associations support the convergent validity of the MoCA with traditional
neurocognitive measures. The lack of association for motor abilities was not surprising given
that the MoCA does not include a motor or speed component. The strongest association
emerging with MoCA and executive abilities is consistent with the fact that executive items
are more widely represented and demanding on this measure compared to other screeners
such as the MMSE, which may at least in part explain its superior sensitivity (Nasreddine et
al., 2005). We also found that better performance on the MoCA was associated with higher
current CD4 counts, HCV seronegativity, higher education levels, and White race, which are
commonly reported correlates of neurocognitive performance measured with traditional
measures.

A novel aspect of our study was that we found the MoCA total scores were associated with
self-report everyday functioning indices and well as clinician-administered functional
abilities, supporting the external validity of this measure. Specifically, we found that lower
MoCA scores were associated with poorer everyday functioning on all three indices,
including a greater number of total self-reported IADL declines, lower clinician-rated
functional performance, and a higher number of cognitive symptoms. The association
between MoCA scores and these functional measures remained when accounting for
depressive symptoms. Similarly, we found that the MoCA discriminated between those with
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normal neurocognitive performance and those with syndromic and non-syndromic HAND,
demonstrating large effect size differences. However, the MoCA did not differ between those
with non-syndromic and syndromic HAND, suggesting that while the MoCA is able to at
least adequately predict “gold-standard” neurocognitive impairment and is associated with
everyday functioning indices, on its own MoCA is not sufficient to distinguish those patients
at risk for syndromic HAND. Thus, future work might benefit from establishing cut-offs on
validated everyday functioning measures (both self-report and performance based) to
combine with the MoCA to improve the MoCA's ability to approximate levels of HAND as
well as its’ specificity.

Although our results support the ecological validity of the MoCA, results of the MoCA
should be interpreted with caution and should not replace formal neurocognitive evaluation
when necessary. If the goal of the clinician is to comprehensively identify HIV+ patients
with possible cognitive impairment, then employment of the recommended cut-off will
achieve satisfactory sensitivity. However, although a cognitive screener with high sensitivity
is preferable in order to inclusively detect any brain-related changes, this will importantly
come at the cost of high false positive rate. Therefore, patients identified as having possible
impairment by the MOCA should be referred for a comprehensive evaluation to more
accurately characterize and diagnose neurocognitive abilities. By some criteria (as used in
the Janssen et al., 2015 study), sensitivities less than 80% and specificities less than 60% are
not considered adequate (Blake, McKinney, Treece, Lee, & Lincoln, 2002; Janssen et al.,
2015). Thus, using those criteria, while our sensitivity (i.e., 84%) would be considered
adequate, our specificity (i.e., 56%) was below the threshold. In contrast, the other published
study examining the MoCA in older HIV+ adults (Milanini et al., 2014) found suboptimal
sensitivity (i.e., 72%) and adequate specificity (i.e., 67%) with a cut-off of <25. Similarly, in
a sample of adults with HIV (mean age = 48), the cut-off of <26 also yielded suboptimal
sensitivity (i.e., 56%) but acceptable specificity (i.e., 63%; (Janssen et al., 2015). Some of
the differences in results across studies may at least partly be explained by sample
differences in terms of age ranges, MoCA ranges (which were not provided for previous
studies), and education/cohort differences. Importantly, our “gold standard” neurocognitive
impairment prevalence was 57% (52% when excluding those with severe confounds), as
compared to ~40% in both of the aforementioned studies (Janssen et al., 2015; Milanini et
al., 2014), which may have resulted in our higher sensitivity. Even in the context of
inadequate specificity, its high sensitivity and associations with daily functioning outcomes
suggests that the MoCA is a useful clinical and research marker of neurobehavioral
functioning. Future work identifying a brief cognitive screening tool that may yield even
better sensitivity and specificity than the MoCA continues to be warranted; however, in the
absence of better alternatives, the MoCA is a psychometrically sound tool.

While it is low burden, efforts to ensure MoCA administration adheres to provided
guidelines are also critical to obtain valid patient data. Other limitations of the MoCA,
include: 1) lack of motor and speed of processing components, 2) many items are similar or
identical to items in other neurocognitive screens and tests (e.g., trail making), potentially
resulting in practice effects, and 3) poor specificity. There is also the potential ethical risk of
false positive impairment classifications when using the MoCA, which may cause
unnecessary psychological stress or limitations in daily activities. Indeed, the false positive
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rate was high in this study, at 45%. Thus, we caution clinicians to consider the limitations of
such cognitive screening tools and avoid using these measures as stand-alone diagnostic
tools, but instead as a means to refer patients for comprehensive neuropsychological
evaluation to clinically diagnose HAND. Additionally, our study is not without limitations.
The relatively small sample size for a measurement validation study may reduce power and
limit generalizability. Furthermore, our cohort was relatively healthy with regard to HIV
disease indices, and may further limit the generalizability of our findings to diverse patients
aging with HIV. Finally, although our study used well-validated self-reported everyday
functioning measures consistent with the current nosology for HAND diagnoses (i.e.,
Frascati criteria; (Antinori et al., 2007), future studies might benefit from examining MoCA
in the context of multimodal assessment of everyday functioning (i.e., both performance-
based and self-report measures) (Blackstone et al., 2012), including examining whether the
combination of these scores (e.g., establishing cut-offs) to the MoCA may improve the
specificity of the MoCA.

Consistent with previously published studies, we found that the MoCA may serve as an
adequate cognitive screening tool in older HIV+ adults. Most importantly, our study extends
the current literature by showing the association of the MoCA with several everyday
functioning outcomes, enhancing the ecological validity and clinical utility of this brief
cognitive screener. Future research would benefit from adapting the MoCA or other
screening tests to improve specificity for this population.
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Figurel.

Receiver Operating Curve for MoCA Predicting HAND
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Table 1

Tests and Sources of Normative Data for the Neuropsychological Battery

Cognitive Domain and Test

Normative Data

Speed of Information Processing
WAIS-111 Digit Symbol
WAIIS-I11 Symbol Search

Trail Making Test, Part A
Stroop Color Trial

Heaton, Taylor, & Manly
Heaton, Taylor, & Manly
Heaton, Miller, Taylor, & Grant

Norman et al.

Learning and Memory (2 domains)

Hopkins Verbal Learning Test-Revised

Brief Visuospatial Memory Test-Revised

Norman et al.

Norman et al

Abstraction/Executive Functioning

Wisconsin Card Sorting Test (64-item)
Trail Making Test, Part B
Stroop Color Word Trial

Norman et al.
Heaton, Miller, Taylor, & Grant

Norman et al.

Verbal Fluency
Controlled Oral Word Association Test

Category Fluency (Animals)
Category Fluency (Actions)

Heaton, Miller, Taylor, & Grant
Heaton, Miller, Taylor, & Grant
Woods et al

Attention/Working Memory

WAIS-111 Letter-Number Sequencing
PASAT (1%t channel only)

Heaton, Taylor, & Manly
Heaton, Miller, Taylor, & Grant

Motor

Grooved Pegboard Test (Dominant & Non-dominant Hands)

Heaton, Miller, Taylor, & Grant

WAIS 111 - Wecshler Adult Intelligence Scale 3'd Edition

PASAT - Paced Auditory Serial Addition Task
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Sample Demographic, Psychiatric, and HIV-Disease Characteristics (N=100)

Table 2

IADL Dependent

Variable Mean (SD) or % Range

Demogr aphics

Age 58.2 (6.5) 50 - 79

Sex (% Male) 88% -

Education 14.3 (2.6) 8-20

Race (% White) 82% -

HIV Characteristics

Current CD4* 597 (365.0 - 776.0) | 61,606

Nadir CD4 * 135.5(39.5-300.0) | 0-850

AIDS Status (% Yes) 66% -

ART status (% On) 98% -

Plasma Viral Load (% Undetectable) 92% -

Est. Duration HIV Infection (yrs) 18.0 (8.0) 1-30

Comorbidities

Hypertension (% with) 50%

Diabetes (% with) 26%

HCV (% with) 22%

Mental Health

Beck Depression Inventory Score * 8(3-168) 0-44

Lifetime MDD Diagnosis (% Yes) 60% -

Current MDD Diagnosis (% Yes) 14% -

Lifetime Substance Diagnosis (% Yes) 70% -

Current Substance Diagnosis (% Yes) 6% -

Gold Standard Neurocognitive Impairment (% Yes) | 57% -

MoCA Impaired (<=26) 67%

MoCA Total Score 25.2(3.0) 15-30

Functional Measures

IADL Declines * 1(0-2 0-9

Cognitive Symptoms ™ 2(0-9) 0-31

Karnofsky Score 87.2 (10.6) 50 — 100
20%

Notes

ART=antiretroviral therapy; IADL = instrumental activities of daily living; MDD=Major Depressive Disorder.

*
Median (IQR) reported for these variables.

Aok

Component for the everyday functioning impairment criteria for HI\-associated neurocognitive disorders.
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