
Exploring the Utility of the Montreal Cognitive Assessment to
Detect HIV-Associated Neurocognitive Disorder: The Challenge
and Need for Culturally Valid Screening Tests in South Africa

Reuben N. Robbins1, John A. Joska2, Kevin G.F. Thomas3, Dan J. Stein2, Teboho Linda2,
Claude A. Mellins1, and Robert H. Remien1

1HIV Center for Clinical and Behavioral Studies, Columbia University and New York State
Psychiatric Institute, 1051 Riverside Drive #15, New York, NY 10032, USA
2Department of Psychiatry and Mental Health, University of Cape Town, Cape Town, South Africa
3ASCENT Laboratory, Department of Psychology, University of Cape Town, Cape Town, South
Africa

Abstract
There is a strong need in South Africa for neuropsychological tests that can help detect HIV-
associated neurocognitive disorder (HAND) in the country’s 5.6 million people living with HIV.
Yet, South African neuropsychologists are challenged to do so, as few neuropsychological tests or
batteries have been developed or adapted for, and normed on, South Africa’s linguistically,
culturally, educationally, and economically diverse population. The purpose of this study was to
explore the utility of the Montreal Cognitive Assessment to detect HIV-associated neurocognitive
impairment among a sample of HIV+ and HIV-Black, Xhosa-speaking South Africans. HIV+
participants performed significantly worse overall and specifically in the domains of visuospatial,
executive, attention, and language (confrontation naming). Regression analysis indicated that HIV
status and education were the strongest predictors of total scores. Floor effects were observed on
cube drawing, rhinoceros naming, serial 7’s, and one abstraction item, suggesting those items
might not be useful in this population. While the Montreal Cognitive Assessment holds promise to
help detect HAND in South Africa, it will likely need modification before it can be normed and
validated for this population. Findings from this study may help neuropsychologists working with
similar populations.
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Introduction
One of the most challenging aspects of clinical neuropsychology is trying to determine
quickly whether an individual is impaired or not, particularly if that person is from a
population or group for whom few or no neuropsychological screening tests or batteries
have been developed, adapted, or normed. Yet, neuropsychologists throughout the world are
often required to do so, creating an urgent need for tests in settings with few or very limited
neuropsychological tests for its populations (Robertson, Liner & Heaton, 2009).
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Neuropsychologists in South Africa face a particularly daunting task, as this country has an
extremely diverse population with 11 national languages and multiple ethnic groups with
distinct cultural heritages (e.g., Nguni, Sotho, Indo-Malay, Indian, British, and Afrikaans). It
also has wide variations in socioeconomic and educational backgrounds, with about half the
population living in poverty (Armstrong, Lekezwa, & Siebrits, 2008; Statistics South Africa,
2003). A third of the population are functionally illiterate (Aitchison & Harley, 2006), and
only one-fifth have completed 12 years of education (Statistics South Africa, 2003). Many
are educated in substandard schools with dirt floors, no electricity or running water and
consistently poor educational outcomes (van der Berg, 2008). Few screening tests or
batteries have been specifically developed for or culturally adapted and normed for this
diverse and largely disadvantaged population, making the determination of
neuropsychological impairment rather challenging.

HIV care and research in South Africa is in urgent need of neuropsychological tests that are
able to detect HIV-associated neurocognitive disorder (HAND). South Africa has the largest
population of people living with HIV (PLWH) in the world with approximately 5.6 million
(UNAIDS, 2009), and HAND is one of the most common clinical conditions of HIV
(Heaton et al., 1995). Being diagnosed with HAND increases one’s risk of mortality
(Vivithanaporn et al., 2010), and often leads to poor functional outcomes, such as
suboptimal antiretroviral therapy (ART) adherence, employment difficulties, driving
problems, and impaired activities of daily living (Gorman, Foley, Ettenhofer, Hinkin, & van
Gorp, 2009; Heaton et al., 2004; Hinkin et al., 2002; Marcotte et al., 2004; van Gorp et al.,
2007). Recent estimates in South Africa suggest HAND may be present in as many as 70%
of ART-naïve adults with late stage HIV under 40 years of age (Joska et al., 2010), and may
have a prevalence of as high as 80% among adults with documented ART adherence
difficulties and low CD4 counts (Robbins, Remien, Mellins, Joska, & Stein, 2011). If these
studies are at all reflective of the larger population of PLWH in South Africa, then millions
of PLWH are at risk for HAND and all its associated functional impairments.

Currently, only two neuropsychological screening tests for HAND have been validated for
use in South Africa: the International HIV Dementia Scale (IHDS; Sacktor et al., 2005;
Joska et al., 2011; Singh, Sunpath, John, Eastham, & Gouden, 2008) and the HIV Dementia
Scale (HDS; Power et al., 1995; Ganasen, Fincham, Smit, Seedat, & Stein, 2008). Concerns
have been raised that these tests may (a) under-report or over-report impairment depending
on the population (Joska et al., 2010; Robbins et al., 2011), (b) contain culturally
inappropriate items (Ganasen et al., 2008), and (c) only screen for the most severe and least
prevalent form of HAND (viz., HIV-associated dementia; Simioni et al., 2010; Joska et al.,
2010; Robbins et al., 2011). Anecdotal reports suggest that some HDS tasks, such as three-
dimensional cube drawing and timed alphabet writing, may be too difficult for some South
African individuals (Ganasen et al., 2008). Furthermore, the IHDS fist-edge-palm task may
also be too demanding for populations with low educational attainment and high rates of
illiteracy (Nitrini, Caramelli, Herrera, Charchat-Fichman, & Porto, 2005).

The Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005), a screening tool
designed to detect mild neurocognitive impairment, may hold promise to assist in the
detection of HAND, including its less severe forms, in South Africa. The MoCA, which
takes only approximately 10 minutes to administer, assesses many of the neurocognitive
domains most affected by HIV, including executive functioning, attention/concentration,
and memory. Although originally developed for use in North America with older adults at
risk for Alzheimer’s disease, it has been validated for use as a screening tool for mild
neurocognitive impairment related to other disease processes (e.g., Parkinson’s and
Huntington’s Diseases; Bourdeau et al., 2005; Ismail, Rajji, & Shulman, 2010; Videnovic et
al., 2010; Zadikoff et al., 2008). Furthermore, Koski et al. (2011) found the MoCA holds
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promise as a means of detecting milder forms of HIV-associated neurocognitive impairment.
Although the MoCA has been studied and validated for use in several countries, such as,
Japan, Egypt, Korea, and Portugal (Fujiwara et al., 2010; Lee et al., 2008; Rahman & El
Gaafary, 2009; Wong et al., 2009), little is known about its utility for use with South African
populations to detect HAND. This lack of knowledge is particularly critical because some
MoCA tasks may not be appropriate for some South African populations.

The purpose of this study was to explore the utility of the MoCA as a brief screening tool for
HAND among one of South Africa’s culturally distinct populations. First, we examined
whether overall MoCA scores could distinguish between the neurocognitive functioning of
HIV+ individuals and their demographically and psychiatrically matched HIV−
counterparts. Second, we examined how individual test items performed in this population.
Third, we examined to what extent demographic factors influenced test performance.
Because no local norms for the MoCA exist, we examined how the HIV− participants’
performance compared to the MoCA’s published norms for normal, mild cognitively
impaired, and Alzheimer’s disease groups. Finally, we present an interim, modified MoCA
with possible cut-off scores.

Method
Participants

Seventy-eight Xhosa-speaking Black South Africans (39 HIV+ and 39 HIV−) participated.
HIV+ participants were recruited from two Cape Town City government run health clinics.
These clinics provide HIV care to the surrounding township communities (Khayelitsha and
Imizamo Yethu). HIV− participants were recruited from proximally sited voluntary
counseling and testing (VCT) centers also serving those communities. All participants self-
identified as Black South African citizens with Xhosa as their primary language spoken at
home. Data were collected from March 2009-December 2010.

HIV− participants received a confirmatory serological test to ensure HIV status. HIV+
participants were either currently on ART with HIV status confirmed through medical
records, or had recently received a positive rapid and confirmatory serological HIV test and
were being considered for ART. HIV− participants were purposively recruited to match the
demographic characteristics of age, educational attainment, cultural background (Black,
Xhosa-speaking), and current psychiatric conditions (mood, anxiety, and alcohol
dependence disorders) of the HIV+ participants.

Individuals were not eligible for participation if they had a current psychotic disorder, severe
cognitive impairment such that they did not have capacity to consent, history of head injury
with a loss of consciousness of 30 minutes or longer, and, for HIV−, if they did not meet the
matching criteria. All individuals who met study eligibility criteria and who agreed to
participate in the study provided written informed consent. The Human Research Ethics
Committee of the Faculty of Health Sciences at the University of Cape Town, the
Institutional Review Board of the New York State Psychiatric Institute, and the health
authorities of the City of Cape Town’s Department of Health provided approval for the
conduct of this study.

Measures and Procedure
All measures were available in English and Xhosa and were administered in the participants’
choice of language by trained research staff. All participants chose the Xhosa-language
administration. All assessment measures were forward and back translated by University of
Cape Town translators, and were also reviewed by our Xhosa-speaking staff to ensure that
the language would be acceptable and readily understood by the participant population. The
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measures were administered by bilingual (Xhosa and English) research staff who underwent
training and confirmation in the administration and scoring of the measures by a US-based
clinical psychologist trained in both psychiatric and neuropsychological assessment.
Research staff were furthermore regularly supervised and monitored on-site by a South
African-based psychologist trained in psychiatric and neuropsychological assessment.

Demographics and psychiatric measures—All participants completed questionnaires
assessing demographic characteristics, and were administered a medical screen that asked
about previous head injuries. Psychiatric status was assessed with the Mini Neuropsychiatric
Inventory (MINI; Sheehan et al., 1998), a brief structured interview that assesses individuals
across the major DSM-IV Axis I disorders (American Psychiatric Association, 1994) and
that has been used as a gold standard in psychiatric studies around the world, including HIV
+ patients in South Africa (Smit, van der Berg, Bekker, Seedat, & Stein, 2006).

Montreal Cognitive Assessment (MoCA)—The MoCA assesses participants across six
broad domains of ability and neurocognitive function (Nasreddine et al., 2005). (1)
Visuospatial abilities are assessed via a three-dimensional cube drawing task and a clock
drawing task. (2) Executive functioning is assessed via an untimed, alternating trail making
test, a two-item abstraction (similarities-type) task, and a phonemic fluency task. (3) Short-
term memory is assessed via a five-item word list recall task. This task is comprised of two
immediate recall trials, which are not scored, and a 5-min delayed free recall trial. (4)
Attention/ working memory are assessed via three subtests: a digit span task (forward and
backward), a tapping test, and a serial 7 subtraction task (serial 7’s). (5) Language is
assessed via sentence repetition, phonemic fluency, and confrontation naming tasks. (6)
Orientation is assessed via six items asking participants to name the current date, month,
year, and day, as well as their current location and city.

Given the high rates of illiteracy in this population and from our experience administering
the MoCA during training sessions with Xhosa-speaking practice examinees, as well as in
discussions with our expert panel of neuropsychologists and psychometrists (including four
of the authors), the phonemic fluency task and sentence repetition task were deemed
problematic. Specifically, given high rates of illiteracy in South Africa and low levels of
education among our target sample, we decided that the phonemic fluency task was too
difficult, which is consistent with clinical experience and research with similar populations
(Ratcliff et al., 1998; Strauss, Sherman, and Spreen, 2006). Furthermore, there is no readily
available reference describing the frequency and distribution of phonemes in the Xhosa
language. Hence, we could not determine which phonemes would be equivalent to the letter
F. Additionally, Regarding the sentence repetition task, we did not have the resources to
conduct any research into what types of sentences would be considered equivalent in terms
of grammar, word count, syllabic count, and meaning salience, as the Xhosa language uses
different consonant sounds (e.g., clicks) and grammatical structure (Pinnock, 1994). Thus,
we substituted a semantic fluency task (animal naming) for phonemic fluency, a strategy
also used in the Korean version of the MoCA (Lee et al., 2008), and we dropped the
sentence repetition task. Whereas the original total MoCA score ranges from 0 to 30, the
total maximum score for this modified version was 28. Furthermore, because of this
modification we did not use the original cutoff score of < 25 in any analyses.

Statistical Analysis
Independent-samples t-tests and chi-square tests were conducted to examine how well the
HIV− and HIV+ groups were matched. To test whether the MoCA could discriminate
between HIV+ and HIV− participants’ neurocognitive function, we conducted a series of
independent samples t-tests using MoCA total score and each individual domain score as
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dependent variables. We used Cohen’s d as an estimate of the effect size associated with
each between-group comparison. To examine the cultural suitability of test items, we
conducted a chi-square test of contingency (on group status) for each test item. We used phi
(Φ) to estimate the effect size in each case. To examine the influence of demographic and
disease factors on MoCA performance, we performed a hierarchical multiple regression
using HIV status, gender, age in years, and education in years to predict the MoCA total
score.

Finally, to test whether the published norms for the MoCA were “exportable” to South
African populations such as that represented by the current sample, we conducted
independent samples t-tests comparing our HIV− participant mean scores on the trail
making, cube and clock drawing, confrontation naming, memory, digit span, tapping, serial
7’s, abstraction, and orientation tests to those from the published North American MoCA
normative data. Here, the more conservative Welch’s t-test was used, as we did not want to
assume equal variance. Because of the exploratory nature of this study, the dearth of studies
on and the substantive need for neuropsychological tests for South African populations, we
decided not to use any correction methods for multiple comparisons, in order to identify
useful and problematic items for future use and research on the MOCA.

Results
Sample Characteristics

As Table 1 shows, the HIV+ and HIV− groups were well matched with regard to
demographic and psychiatric characteristics: there were no significant between-group
differences on any of the matching variables. Overall, the sample had a mean age of 29.62
years (SD = 5.75; range = 19 to 46), and 70.5% were female. Participants had an average of
10.81 years of education (SD = 1.38; range = 7 to 13); just over 65% did not complete high
school. Only 21.8% (n = 17) of the sample reported being employed full- or part-time.
Among the HIV+ participants, recent CD4 counts were available for 37 participants. The
mean CD4 count was 297.22 (SD = 235.15), and ranged from 43 to 1200 with 65% (n = 24)
having CD4 counts below 300. Thirty-three HIV+ participants were currently on
antiretroviral therapy; all had documented adherence problems.

MoCA Scores
Regarding MoCA total scores, HIV+ participants performed significantly more poorly than
HIV− participants (see Table 2). Regarding MoCA domain-specific scores, HIV+
participants performed significantly more poorly than HIV− participants on tests of
visuospatial and executive, attention, and language (see Table 2). There were no other
significant between-group differences.

Though learning scores are not a part of the conventional scoring of the MoCA, we were
interested in whether the MoCA could also be used to assess this neurocognitive domain, as
learning deficits have been strongly associated with HNI (Grant, 2008; Heaton et al., 1995).
Although the groups performed similarly on the delayed recall task, our analyses indicated
that the HIV+ group performed significantly more poorly on both learning trials of the word
list (see Table 2). Furthermore, we computed the amount of information retained from the
learning trials to the delayed recall trial (delayed recall total divided by highest value from
learning trials 1 and 2) and found that the HIV+ participants performed significantly more
poorly (50% retained versus 77% retained). These results are also presented in Table 2.
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MoCA Individual Item Comparisons
To examine whether individual MoCA items could discriminate neurocognitive performance
between groups and whether certain items may be inappropriate for this population, we
conducted chi-square tests for each of the dichotomously scored test items (serial 7’s was
recoded such that 3-4 correct responses was coded as correct, and < 3 correct responses was
coded as incorrect). Table 3 presents the results of these analyses. HIV− participants were
significantly more likely than HIV+ participants to complete the trail making test correctly,
draw the contour of the clock and depict requested time, name a line drawing of a lion and
camel, repeat a three-digit string of numbers backwards, make 4 to 5 correct subtractions on
serial 7’s, name more than 11 animals in 1 minute, and describe how a train and bicycle are
alike. There were no significant between-group differences on any other items.

Across both groups’ performance, there were floor effects on several items. Both groups
performed equally poorly on cube drawing, naming a rhinoceros, and describing how a
watch and a ruler are alike. Although the HIV− group made significantly more full credit
responses (4 to 5 correct subtractions) on the serial 7’s task, it is important to note that both
groups had poor overall performance on this task. Only 31% of the HIV− group and 10% of
the HIV+ group made 4-5 correct subtractions. Hence, asking individuals from this
population to subtract 7’s from 100 might not be an appropriate cognitive task with this
population.

Demographic Influences on MoCA Performance
Table 4 summarizes results from the hierarchical multiple regression using HIV status and
demographic variables to predict MoCA total score. As the table shows, in the final model
only HIV status (B = −2.51, SE = .74, p < .01) and years of education (B = 1.10, SE = .27, p
< .001) significantly predicted MoCA total score.

Comparison of HIV Control Performance to Published MoCA Norms
It is important to note that the MoCA normative data are based on samples of older adults
(mean age > 70 years) with either no cognitive impairment, mild cognitive impairment, or
Alzheimer’s disease, from memory clinics in North America. Although clearly not the ideal
comparison group for our HIV− sample, these are, to our knowledge, the only published
norms for the MoCA, and it is these norms upon which the conventional MoCA impairment
cut-off score is based.

Because our HIV− sample was much younger than the MoCA normative sample, we
hypothesized that our participants would perform similarly or better. Contrary to those
expectations, the HIV− participants did not perform significantly better than the MoCA
normal controls on any of the subtests, though they did perform similarly to the MoCA
normal controls on 4 of the 10 subtests: trail making, clock drawing, delayed memory, and
tapping/attention (see Table 4). The HIV− participants performed, on average, significantly
better than the mild cognitive impairment and Alzheimer’s disease groups on the trail
making, clock drawing, and delayed tests. Interestingly, although our HIV− sample
performed more poorly than the MoCA normal controls and mild cognitive impairment
groups on the cube drawing, confrontation naming, digit span, serial 7’s, and abstraction
subtests, they performed no differently on these tests than the Alzheimer’s group. On the
orientation subtest, the HIV− sample performed more poorly than the normal control group,
but significantly better than the mild cognitive impairment and Alzheimer’s disease groups.

Interim, Modified MoCA with Proposed Cut-Off Scores
Because options for neuropsychological testing and screening are so limited in South Africa,
we present an interim, modified MoCA that may assist neuropsychologists in detecting
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neurocognitive impairment among Xhosa-speaking PLWH. Our modified MoCA used only
those items best able to distinguish between HIV groups, including the two word-list
learning trials. Although serial 7’s was able to discriminate between groups, we decided to
drop it from this modified version because even among the HIV− participants, scores tended
to be very low. While we retained digits backwards in this interim, modified version, we
dropped digits forward, as it did not demonstrate any ability to distinguish between HIV
groups. The modified test yields a total maximum score of 19, and still assesses individuals
across multiple domains, including visuospatial, executive, attention/working memory, and
language. While short-term memory is dropped, learning is added. Specifically, the modified
test includes trail making, all components of clock drawing, digits backward, two items from
confrontation naming (lion and camel), the first item from abstraction, and the additional
total score from both word-list learning trials.

Proposed cut-off scores of ≤ 15, ≤ 14, and ≤ 13 were examined. Using a cut-score of ≤ 15
(approximately 2 standard deviations below the HIV− mean) indicated that 77% of the HIV
+ participants would be classified as impaired, while 13% of the HIV− participants would be
classified as such. Using a cut-score of ≤ 14 indicated that 72% of HIV+ participants would
be classified as impaired and 3% of HIV− individuals would also be classified as impaired.
Using a cut-score of ≤ 13 indicated that 56% of HIV+ participants would be classified as
impaired, while none (0%) of HIV− participants would be classified as such. Table 6
presents normative data for this interim, modified test for both HIV groups.

Discussion
In our sample of demographically and psychiatrically matched HIV− and HIV+ South
Africans, the HIV+ group had significantly poorer overall performance on the MoCA. More
specifically, the HIV+ group had significantly worse scores in the domains of visuospatial,
executive, and attention/working memory; participants in that group also had lower scores
on both word-list learning trials and retained a significantly lower percentage of the words
over a 5-minute delay. This pattern of performance has been observed in HAND previously
(Grant, 2008; Heaton et al., 1995, 2011; Martin et al., 2001; Peavy et al., 1994). When we
used HIV status and demographic variables to predict MoCA total score, HIV status
significantly predicted total score over and above age, gender, and education (i.e., being
HIV+ predicted lower total scores). However, education was also a significant predictor of
MoCA performance over and above HIV status.

This pattern of data suggests that the MoCA can grossly discriminate between the
neurocognitive performance of HIV+ and HIV− Black, Xhosa-speaking South Africans.
Because of the minor modifications we made to the MoCA (e.g., switching phonemic for
semantic fluency) and the fact that no reliability and validity data exist for its use in South
Africa, we did not have a validated cut-off score to use in classifying mild impairment
versus no impairment. However, it is worthwhile to note that mean total scores in both
groups were well below 23, which is 2 points less than the established cut-off score from
North America of ≤25, and reflective of our removal of the sentence repetition task where
the highest possible score on our modified MoCA was 28. Using this benchmark cut-score,
most participants, regardless of their HIV status, would be classified as impaired.

Item-by-item analyses indicated that several MoCA tasks exhibited strong floor effects and
thus may be inappropriate for use in this population. For example, most participants in both
groups could not copy the cube correctly; this piece of data provides empirical support for
previous anecdotal reports (Ganasen et al., 2008). It appears that complex drawing tasks are
not appropriate for this population, though simpler ones might be. Similarly, most
participants had difficulty with the confrontation naming task, particularly with the
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rhinoceros item. Despite the fact that the rhinoceros is indigenous to South Africa, common
responses to the item were elephant, buffalo, and hippopotamus. Both groups also performed
poorly on the serial 7’s task, and on one item of the abstraction task (watch and ruler).
Because the HIV− group also performed poorly on these items, we suspect it was due to
non-disease-related factors and may therefore reflect a possible source of test bias, though
additional research is needed to confirm this finding and to speculate on potential reasons
for this pattern of test performance.

We suspect these floor effects are due to educational opportunities or the lack thereof for
these participants. For example, without early and regular exposure to drawing, more
complex drawing, such as the Necker cube, many of these participants may simply not know
how certain figures are drawn. Hence, when selecting test items for different populations,
clinicians and researchers must evaluate which items are appropriate based on the specific
cultural and educational backgrounds of the participants.

When we compared the performance of the HIV− participants to the MoCA normative
samples (no impairment, mild cognitive impairment, and Alzheimer’s) with North
Americans aged 70 years and above we found that, on average, they performed most
similarly to the MoCA Alzheimer’s disease group on several tasks (cube drawing,
confrontation naming, digit span, serial 7’s, and abstraction) and similarly to the normal
group on other tasks (trail making, clock drawing, short-term memory, and tapping).
Interestingly, they did not perform significantly better than North Americans aged 70-and-
above on any of the items. These findings are a clear indication that the normative data from
the MoCA samples is likely wholly inappropriate for this population. Using the normative
data from the MoCA, from which the conventional cut-off score was generated, may lead to
misclassification of healthy individuals as impaired in populations similar to our sample.
Further research is needed to establish locally appropriate normative data and to determine
the most sensitive and specific cut-off scores. Most participants in this study, regardless of
HIV status, would be classified as impaired when compared to the MoCA normative sample
means and standard deviations.

Finally, our proposed, interim, modified MoCA yielded a test with a maximum score of 19.
Although we were unable to validate the psychometric properties of this modified version,
including the proposed cut-off scores, we nonetheless present this version to offer some help
to those clinicians in South Africa who work with HIV+ Xhosa-speakers and need some
gauge of neurocognitive functioning. We think that the proposed cut-off scores of ≤13 and
≤14 are the most clinically useful, as these cut-offs suggest that 56% or 72%, respectively,
of the sample could be impaired. Research in South Africa indicates that as many 42% of
Xhosa-speaking PLWH may have mild HIV-associated neurocognitive impairment, and as
many as 25% may have HIV-associated dementia (Joska et al., 2010). Hence, the proposed
cut-off scores are consistent with this previous research, where as many as 67% of Xhosa-
speaking PLWH have clinically significant impairment. The latter two proposed cut-off
scores also minimize the number of HIV− participants being classified as impaired. Because
this interim, modified MoCA and its proposed cut-off scores have not been validated, and
because it is not clear what the true sensitivity and specificity of this version are, we caution
against use before further validation efforts. Although the research gives us an estimate of
what the base rate of neurocognitive impairment among Xhosa-speaking PLWH is, we do
not have a similar estimate for the general, HIV− Xhosa population.

Although our findings shed important light on the utility of the MoCA in South Africa to
detect mild neurocognitive impairment, there are several limitations to our study. First, we
had a small, convenience sample, which may have limited our ability to (a) detect age-,
gender-, and education-related differences, and (b) generalize to the larger South African
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population. Second, we performed multiple comparisons and we run the risk of having a
high familywise error rate in this study; significant differences that emerged may be false
discoveries. Bonferroni corrections were considered to reduce the error rate, however, we
decided against using them because of this study’s exploratory nature, the relatively small
sample, and the substantive need to begin to identify promising tools. At this stage, we did
not want to overlook any possible differences due to being under powered. We recognize
that given the multiple comparisons we ran, we could have a high Type I error rate and hope
that future studies with larger sample sizes can help support these findings.

Third, based on the limited exclusionary criteria of this sample, several important
confounders were not controlled for, which could offer alternative explanations to our
findings, particularly among the HIV− participants. Although we attempted to control for
some causes of neurocognitive disorder (e.g., head trauma with loss of consciousness greater
than 30 minutes), without brain imaging or lumbar punctures, we cannot ascertain with
certainty that any neurocognitive impairment was due only to HIV, or to what extent our
HIV− participants did not have any neurological illness or any other disorder that could
cause cognitive impairment. Fourth, although our groups were well matched on years of
education completed, we were unable to control for quality of education. Given that many of
the individuals in this sample were educated during Apartheid and in rural areas, the quality
of their education was likely substandard. The quality education for someone who
completed 11 years of school in a rural area with no electricity or running water and with
dirt floors (a not so uncommon set of conditions) during Apartheid is vastly different from
someone educated in the past decade at an urban school with computers and writing utensils.
Future research must take this into consideration in understanding neuropsychological test
performance for these populations. However, since all of the participants in this study were
Black and from very low socioeconomic status, it is likely that quality of education did not
vary much across groups.

Fifth, it is important to note that among this convenience sample, there were very low rates
of depression among the HIV+ participants, much less than would be expected based on
previous research (Olley, Seedat, & Stein, 2006). Hence, future studies will need to recruit
more representative samples, as well as account for common comorbidities among PLWH,
such as depression, in their analyses.

Finally, given the absence of any assessment of the MoCA’s reliability and validity in South
Africa and that we did not have a comparison of MoCA scores to a gold standard
neuropsychological test or test battery in this study, low scores cannot be assumed to reflect
neurocognitive impairment. Future research needs to compare performance of our interim,
modified MoCA to currently validated screening test for HAND in South Africa, such as the
IHDS and HDS.

To our knowledge, this is the first study to systematically and empirically explore the utility
and cultural appropriateness of the MoCA for HIV+ populations in South Africa and to
generate data and ideas about how the MoCA performs in a very understudied, albeit very
important, population (i.e., Black, Xhosa-speaking South Africans). This is also the first
study to propose an interim, modified MoCA to assist neuropsychologists and clinicians in
screening for HAND in South Africa. More research is needed to: examine how well the
MoCA can differentiate among PLWH, and to answer the question of whether it can
discriminate between high and low CD4 cell counts; develop locally derived norms; and
offer proper validation of the MoCA (or a modified MoCA) for use in the South African
clinical setting.
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