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Introduction
The Montreal Cognitive Assessment (MoCA) is a brief screening tool developed to detect mild 
cognitive impairment (MCI), which can be a precursor to dementia (Nasreddine et al., 2005). 
Subsequently, the MoCA has been widely used in various socioeconomic, cultural and linguistic 
contexts, including Portugal (Freitas, Simoes, Alves, & Santana, 2012), Italy (Milanini et al., 
2016), North America (Rossetti, Lacritz, Cullum, & Weiner, 2011), Brazil (Cecato, Martinelli, 
Izbicki, Yassuda, & Aprahamian, 2016), China (Zhang et al., 2016) and South Africa (Robbins 
et al., 2013). The MoCA has been translated into nearly 100 languages (https://www.mocatest.
org/faq/), which has promoted its widespread use. Beyond its original scope, the potential of 
the MoCA for detecting cognitive impairment has also been explored in a range of medical 
conditions associated with neuropsychological symptoms, including human immunodeficiency 
virus (HIV; Joska et al., 2016; Robbins et al., 2013).

While the MoCA has garnered international recognition as a valid brief cognitive screening test, 
the data from the studies conducted in South Africa have been contradictory and inconclusive 
in terms of its utility, specifically for identifying HIV-related neuropsychological impairment. 
This may be because of methodological variations and limitations, such as the absence of 
comparisons between clinical and control samples (Beath, Asmal, Van den Heuvel, & Seedat, 
2018; Joska et al., 2016; Rademeyer & Joubert, 2016), and small sample sizes (Hakkers et al., 
2018; Rademeyer & Joubert, 2016; Robbins et al., 2013), which limited these studies’ 
generalisability and comparability. Consequently, our study aims to address some of these gaps 
and contribute to the limited body of literature on the MoCA in South Africa by exploring the 
influence of age, years of education and gender, on total MoCA score, and internal consistency, 
in a sample of South African adults that speak English as a second or third language and have 
been educated in public schools. Moreover, it investigates the MoCA’s discriminant validity in 
terms of its capacity to identify cognitive impairment in a sample of patients with dual diagnosis, 
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namely HIV plus a psychiatric or neurocognitive condition, 
compared to a healthy control sample. By investigating the 
psychometric properties of the MoCA, this study aims to 
determine the degree to which this tool can be interpreted 
consistently across different samples and contexts (i.e. 
reliable) and the extent to which it accurately measures 
what it was designed to measure (i.e. valid; De Souza, 
Costa-Alexandre, & De Brito-Guirardello, 2017).

Several studies have indicated a consistent and significant 
correlation between demographic variables, such as age and 
years of education, with performance on the MoCA, whereby 
younger and highly educated samples have higher scores 
(Elkana, Tal, Oren, Soffer, 2020; Malek-Ahmadi et al., 2015; 
Pinto et al., 2018). In contrast, the effect of gender is more 
ambiguous in the literature; some studies report significant 
differences in performance on the MoCA between males and 
females (Kaya et al., 2014; Lu et al., 2011), whereas others do 
not (Robbins et al., 2013; Santangelo et al., 2015). The impact of 
demographic and contextual variables on neuropsychological 
test performance is particularly relevant to consider in South 
Africa with its culturally and linguistically diverse population.

The impact of language on test performance has been 
extensively researched (Ferrett et al., 2014; Kisser et al., 2012; 
Watts & Shuttleworth-Edwards, 2016) and highlights the 
biases that arise when non-native English speakers are 
assessed in English and compared against norms of first-
language English speakers. This is an issue of particular 
relevance to South Africa, where English is the sixth most 
common home language (8.1%) and the second most 
prevalent language spoken outside of South African 
households at around 17% (Statista, 2018). This linguistic 
landscape accentuates the importance of exploring the 
psychometric performance of tests for non-native English 
speaker samples who are being assessed in this language, 
which is a frequent practice in cognitive testing given that 
most tools are available in English (Laher & Cockcroft, 2013). 
Moreover, South Africa also has high socioeconomic and 
educational inequalities, largely a product of apartheid 
(Gallo, 2020), which, along with cultural and linguistic 
diversity, introduces significant biases in cognitive and 
neuropsychological testing (Ng et al., 2018), especially for 
those educated in under-resourced (typically public) schools 
(Cockcroft, Alloway, Copello, & Milligan, 2015; Shuttleworth-
Edwards et al., 2004; Watts & Shuttleworth-Edwards, 2016). 
Thus, our study aimed to reduce linguistic biases by selecting 
healthy participants who were non-native English speakers 
and attended public schooling and by selecting a clinical 
sample with similar characteristics.

Biases in neuropsychological testing have a major impact 
on diagnostic work because they increase the risk of Type II 
errors, where patients’ performances are incorrectly judged 
as pathological (Meyer, Boscardin, Kwasa, & Price, 2013). In 
addition, the use of brief screenings, such as the MoCA, in 
diverse populations is particularly precarious because the 
clinician relies on the interpretation of a single score to 
make judgements on the cognitive status of patients 

(Wong et al., 2015). This is even more challenging when the 
patient has more than one diagnosis associated with 
cognitive deficit. Such challenges are common when assessing 
people living with HIV because its impact on cognition is 
variable, which is aggravated in cases with other comorbid 
conditions (Jonsson et al., 2013). Therefore, clinicians are 
often faced with the need of conducting brief, valid and 
reliable assessments to identify cognitive symptoms in 
order to accurately diagnose and manage patients. However, 
this need is not met if the tests are not valid and/or reliable 
and is not interpreted considering the relevant demographic 
variables and appropriate norms.

Exploring the validity of the MoCA in samples with HIV is 
particularly relevant in South Africa given its high prevalence 
at around 12% of the total population (UNAIDS, 2019). 
Investigating the utility of this screening test in samples with 
dual diagnosis (HIV and psychiatric/neurocognitive 
disorders [NCD]) responds to a gap in the literature and to a 
need for empirical studies to guide clinicians in the selection 
and use of cognitive screening tools.

Methods
Participants
Sample and sampling
Both the clinical and control samples were formed by means of 
purposive sampling (Etikan, Musa, & Alkassim, 2016). The 
criteria for inclusion for the overall sample are adults over the 
age of 21 years, who have English as a second or third language, 
did not abuse illicit drugs or alcohol, and who provided formal 
consent. The participants from the control group had no 
history of any motor, psychiatric or cognitive symptoms. 
Patients’ medical files with incomplete and/or contradictory 
data (such as age, years of education, and/or date of 
administration) were excluded from data analysis, which had 
a negative impact on the sample size. Patients were further 
excluded if they had a comorbidity that was not psychiatric or 
neurocognitive in nature (n = 16), for example, patients with 
other neurological conditions, such as meningitis, or metabolic 
disorders, such as diabetes. Those who had ≤6 years of formal 
education were also excluded because of the small size of the 
sample (n = 3). The final clinical sample included participants 
who had a dual clinical diagnosis, classified into two groups: 
(1) participants with HIV and comorbid psychiatric disorder, 
consisting of mood disorder (including bipolar mood disorder 
and major depressive disorder), psychosis (including 
schizophrenia), or mood and psychosis disorders (henceforth 
referred to as the ‘MP’ [mood and psychosis] group) and (2) 
HIV participants with comorbid NCD, including HIV-
associated dementia (HAD) and mild neurocognitive disorder 
(MND), with or without an additional psychiatric disorder 
(henceforth referred to as the ‘NCD’ group). The rationale 
behind this classification is to determine whether the level of 
severity of cognitive impairment, where NCD is more severe 
than psychiatric disorder, influences MoCA performance 
and/or the ability of MoCA to discriminate between these two 
clinical groups. The final sample included 172 participants in 
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total. The descriptive characteristics of the sample for each of 
the study variables are summarised in Table 1.

Research design
This study utilised a quantitative, non-experimental ex-post 
facto design, with no manipulation of independent variables 
or random assignment into groups (Ary, Jacobs, Razavieh, & 
Ary, 2010). It has a cross-sectional, between-subjects design 
(Ary et al., 2010).

Instruments
Demographic Questionnaire
Used to obtain demographic data for the control and clinical 
groups, including age (years), years of education, gender 
(female; male), handedness, and clinical diagnosis (for patients). 
This questionnaire also included items exploring language 
experience whereby participants self-reported their home 
language, list languages in order of dominance, list languages 
used daily, and the language/s educated in years. This was 
done in order to exclude the participants who identified 
English as the home and primary language.

Montreal Cognitive Assessment
All participants completed the same MoCA English version 
8.1. The MoCA can be administered in approximately 10 to 
15 min, and measures several domains of neurocognitive 
function out of a maximum score of 30 points, where higher 
scores indicate better cognitive function (Nasreddine et al., 
2005). Visuospatial abilities are measured using a three-
dimensional cube copy drawing (one point) and a clock 
drawing task with a specified time (three points). Multiple 
aspects of executive functioning are measured using the 
alternating trail-making task (one point), two-item verbal 
abstraction task (two points) and phonemic fluency task 
(one point). The phonemic fluency task generally assesses 
aspects of executive functioning as well as language ability. 
Furthermore, the MoCA measures short-term memory 
through a five-item delayed word recall task (five points), 
and attention/concentration and working memory are 
assessed through a digit span forwards and backwards task 
(two points), a tapping test (one point), and serial seven 
subtraction task (three points). Language ability is assessed 
via a sentence repetition task (two points), a three-item 
animal naming task (lion, camel, rhinoceros; three points), as 
well as the aforementioned phonemic fluency task. Finally, 
the level of conscious awareness of temporal and spatial 
orientation is assessed using the orientation task, whereby 
the participant is asked to name the current date, month, 
year, day of the week, place location, and city (six points). 
Following the manual’s scoring instructions, an additional 
point was added to the total score for participants with less 
than 12 years of formal education (Nasreddine et al., 2005).

Procedure
The present study conducted secondary analyses of MoCA 
data. For the clinical sample, the MoCA test score data was 

obtained retrospectively from the patients’ medical files at 
Luthando Neuropsychiatric Clinic, Chris Hani Baragwanath 
Hospital, that have prior authorisation for use for research 
purposes. The MoCAs were administered as a screening test 
by trained psychiatric registrars under the supervision of a 
consultant psychiatrist and/or neuropsychiatrist. The control 
sample data were collected prospectively for a study in 
which the principal aim was to identify and describe the 
neurocognitive profiles of individuals with Huntington 
Disease-Like 2 (HDL2) by means of comparisons to a matched 
unaffected control sample, in which the MoCA was 
administered as part of a large battery of neurocognitive tests 
(for a more detailed description, see Ferreira-Correia, 
Anderson, Cockcroft, & Krause, 2020). The MoCA examines a 
wide variety of cognitive domains including memory, 
language, executive functioning, arithmetic ability, 
visuospatial skills, and orientation.

Data analysis
Statistical analyses were conducted using the IBM Statistical 
Package for the Social Sciences (SPSS) version 26.0 for 
Windows (version 16.0), with the significance level set at 0.05. 
Descriptive analyses of study variables, including age, 
gender, years of education and total MoCA score, were 
conducted to characterise the sample. The distribution of 
continuous data (age, years of education, and total MoCA 
score) for the control group was checked using histograms 
and the Shapiro–Wilk test of normality to determine whether 
the data were normally distributed. To determine whether 
diagnostic groups were matched, the association between 

TABLE 1: Descriptive statistics characterising sample demographics and total 
Montreal Cognitive Assessment scores.
Variables Statistics Group

Overall
(n = 172)

Control
(n = 89)

MP 
(n = 70)

NCD
(n = 13)

Age (years) Mean 44.3 47.5 40.5 43.5
SD 9.4 9.2 8.9 5.3
Median 45 50 40 43
Minimum 26 30 26 37
Maximum 61 60 61 55

Gender
Female n 112 48 53 11

% 65.1 53.9 75.7 84.6
Male n 60 41 17 2

% 34.9 46.1 24.3 15.4
Education (years) Mean 11.8 12.6 11.1 10.2

SD 2.4 2.6 1.6 2.2
Median 12 12 11 10
Minimum 7 7 7 7
Maximum 19 19 15 15

Total MoCA Score Mean 22.0 22.5 21.4 22.2
SD 4.1 3.8 4.4 3.6
Median 22 23 22 22
25th pctl 19 20 18 22
75th pctl 25 25 25 25
Minimum 9 14 9 13
Maximum 30 30 30 26

Source: The control group data was collected by the second author (A.F.C.) for the purpose 
of her PhD study. Ferreira-Correia, A. (2019). The neurocognitive profile of Huntington 
disease-Like 2: A comparison with Huntington disease and healthy controls. PhD thesis, 
University of the Witwatersrand
NCD, neurocognitive disorders; SD, standard deviation; pctl, percentile.
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diagnostic groups, age and years of education, respectively, 
was determined by one-way analysis of variance (ANOVA) 
for the overall sample. The association between gender and 
diagnostic group for the overall sample was determined by 
the chi-square (c2) test of association.

Non-parametric Spearman’s rank order correlations were used 
to explore the associations between total MoCA score, age and 
years of education for the control group. The association 
between total MoCA score and gender for the controls was 
determined by one-way ANOVA. A general linear model 
(GLM) was also conducted to explore the associations between 
total MoCA score (dependent variable) and diagnostic group, 
age, years of education and the interaction between age and 
years of education (independent variables) for the overall 
sample. Homoscedasticity was checked prior and there is 
sufficient evidence to suggest homogeneity of variance, 
thereby reducing the risk of a large type I error (Caudill, 1988). 
Arbitrary stratifications for age and years of education, 
respectively, were tested using independent samples t-tests for 
the control group. Once significant stratifications were 
identified, descriptive analyses were conducted to illustrate 
the effect of age and years of education on total MoCA scores.

Internal consistency reliability analysis was conducted 
using Cronbach’s (1951) alpha coefficient (a). To determine 
discriminant validity, predictive models for each diagnosis 
(vs. the control group), based on total MoCA score, age, years 
of education, and the interaction between age and years 
of education, were developed using multinomial logistic 
regression. Non-significant covariates and interaction terms 
were removed from the model to avoid over-fitting.

Ethical considerations
Ethical approval was provided by the Human Research 
Ethics Committee-Medical (HREC-M) of the University 
of the Witwatersrand (Wits) for the clinical group 
data (M190819) and control group data (M140872). The 
present study received ethical approval from Wits 
HREC-M (M200631). All ethical principles outlined 
in the Declaration of Helsinki were honoured (World 
Medical Association, 2013).

Results
The control group was not well matched to the clinical groups 
in terms of age [F(2) = 12.30, p < 0.001] and years of education 
[F(2) = 13.65, p < 0.001]. Post-hoc comparisons using the 
Bonferroni test revealed that the mean age (in years) of the 
control group (M = 47.5, standard deviation [s.d.] = 9.2) 
was significantly higher than that of the MP group (M = 40.5, 
s.d. = 8.9). However, the mean age of the NCD group (M = 43.5, 
s.d. = 5.3) did not differ significantly from the control group. 
The mean years of education of the control group (M = 12.6, 
s.d. = 2.6) were significantly higher than that of the MP  
(M = 11.1, s.d. = 1.6) and NCD (M = 10.2, s.d. = 2.2) group. 
Furthermore, the control group was not well matched to the 
clinical groups in terms of gender; the proportion of males in 

the control group (n = 41) was significantly higher than in the 
MP (n = 17) and NCD (n = 2) groups, c2(2, n = 172) = 10.5, 
p = 0.005. These results indicate that diagnostic groups were not 
well matched in terms of age, years of education, and gender.

There was a significant negative correlation between total 
MoCA score and age, rs = –0.28 (Table 2), indicating that as age 
increases, total MoCA scores decrease. A positive significant 
correlation was found between total MoCA score and years of 
education, rs = 0.38, suggesting that as years of education 
increases, so do total MoCA scores. Despite the adjustment 
linked to years of education recommended by the test manual, 
there was a significant negative correlation between age and 
years of education (rs = –0.41), indicating that younger 
individuals in the sample have higher levels of education, and 
that the adjustment is not sufficient to mitigate the impact of 
education on the total score of this test. The mean difference 
between males’ and females’ performance on the MoCA was 
not statistically significant (F(1) = 0.82, p = 0.368). Taken 
together, these results indicate that the performance on the 
MoCA is influenced by age and years of education, not gender.

Descriptive statistics were used to illustrate the effects of age 
and years of education on total MoCA scores. Prior to this, 
relevant stratifications needed to be determined. For age, the 
47 participants, aged 50 years and younger, obtained 
significantly higher mean total MoCA scores (M = 23.34, 
s.d. = 3.74) compared to the 42 participants, aged 51 years 
and older, who obtained a mean total MoCA score of 21.55 
(s.d. = 3.72) points, t(87) = 2.26, p = 0.026. For years of 
education, the 23 participants, with 11 or less years of 
education, obtained significantly lower mean total MoCA 
scores (M = 20.35, s.d. = 4.14) compared to the 66 participants 
with 12 or more years of education (M = 23.24, s.d. = 3.43), 
t(87) = –3.30, p = 0.001. These stratifications were subsequently 
used in the presentation of descriptive data (Table 3). Note 
that while the performance of the sample aged between 30 
and 50 years with between 7 and 11 years of education was 
used in the analyses, the number of observations in this 
category was small (n = 3) and therefore not reported.

According to the GLM (Table 4), the interaction between 
age and years of education was not significant and therefore 
removed from the model. Only the effect of years of 

TABLE 2: Spearman correlations between age, years of education and total 
Montreal Cognitive Assessment score.
Variable Age (years) Education (years) Total MoCA score
Age (years)
Correlation Coefficient 1.000 - -
Significance value - - -
Education (years)
Correlation Coefficient -0.412 1.000 -
Significance value 0.000 - -
Total MoCA Score
Correlation Coefficient -0.283 0.382 1.000
Significance value 0.007 0.000 -

Source: The control group data was collected by the second author (A.F.C.) for the purpose 
of her PhD study. Ferreira-Correia, A. (2019). The neurocognitive profile of Huntington 
disease-Like 2: A comparison with Huntington disease and healthy controls. PhD thesis, 
University of the Witwatersrand.
Note: n = 89. Bold values represent correlations significant at the 0.05 level (two tailed).
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education [F(1) = 7.1, p = 0.009] was significant. Therefore, 
least squares (LS) means for total MoCA scores were derived 
from the GLM for the control group and plotted in Figure 1. 
The adjusted mean total MoCA scores increased by an 
estimated 0.37 points for every additional year of education. 
Adjusted mean total MoCA scores ranged between 20.4 
points for individuals with the least years of education (7 
years) to 24.8 points for individuals with the highest years 
of education (19 years) at an average age of 47.5 years.

Given the unbalanced diagnostic group sizes and 
demographic heterogeneity of the sample, the raw mean 
total MoCA scores may not be representative (Cai, 2014). 
Therefore, LS means for total MoCA scores were derived 
from the GLM to provide means adjusted for the unequal 
observations. The adjusted means were identical to the 
raw means and not statistically significantly different, 
F(2) = 0.88, p = 0.416. This suggests that the raw total MoCA 
scores observed are not a product of the unbalanced group 
sizes. Furthermore, Cronbach’s alpha was 0.64 indicating 
moderate internal consistency of the MoCA in this sample.

For the MP versus control group (Table 5), the full regression 
model revealed that total MoCA score was not significant, 
whereas age (standardised beta [b] = –0.12) and years of 
education (b = –0.50) were significant predictors of belonging 
to the MP group. Similarly, for the NCD versus control 
group, the full regression model showed that age (b = –0.11) 
and years of education (b = –0.73) were significant predictors, 
while total MoCA score was not significant. These results 
indicate that belonging to control, MP, and NCD groups, 
respectively, could not be predicted by total MoCA scores, 
signifying the poor discriminant validity of the MoCA in this 
sample. However, age and years of education were significant 
independent predictors of diagnostic group belonging, 

underscoring the importance of considering these demographic 
variables when administering and interpreting the MoCA. 
Given these findings, sensitivity, specificity, and cut-off values 
for the MoCA were not subsequently calculated. These results 
may be attributable to the finding that total MoCA scores did 
not differ significantly between the control, MP and NCD 
groups, even when adjusted for the unbalanced group sizes.

Discussion
Effect of age, years of education and gender on 
total Montreal Cognitive Assessment score
In the present study, there was an inverse relationship 
between age and years of education. This finding may be 

TABLE 3: Descriptive statistics for total Montreal Cognitive Assessment scores stratified by age and years of education.
Age (years) Education (years) n Mean SD Median Min Max Percentiles

5 10 25 50 75 90 95
30–50 ≥ 12 44 23.41 3.53 24.00 15 30 16.25 19.00 21.00 24.00 26.00 28.50 29.00
51–60 7–11 20 20.05 3.69 19.50 15 28 15.00 15.10 17.25 19.50 21.50 26.80 27.95

≥ 12 22 22.91 3.27 23.50 17 29 17.15 18.30 20.00 23.50 25.00 27.70 28.85

Source: The control group data was collected by the second author (A.F.C.) for the purpose of her PhD study. Ferreira-Correia, A. (2019). The neurocognitive profile of Huntington disease-Like 2: A 
comparison with Huntington disease and healthy controls. PhD thesis, University of the Witwatersrand.
Note: n = 86. The performance of the samples between 30 and 50 years of age with 7–11 years of education is not reported because of the small subgroup size (n = 3).
SD, standard deviation, Min, minimum; Max, maximum.

TABLE 4: Summary of the general linear model with total Montreal Cognitive 
Assessment score as the dependent variable.
Source df Type III SS MS F p
Model 4 244.2 61.0 4.2 0.003
Age (years) 1 46.0 46.0 3.2 0.077
Education (years) 1 103.1 103.1 7.1 0.009
Diagnostic group 2 25.7 12.9 0.9 0.416
Error 166 2416.7 14.6 - -
Total 171 86042.0 - - -
Corrected Total 170 2660.9 - - -

Source: The control group data was collected by the second author (A.F.C.) for the purpose 
of her PhD study. Ferreira-Correia, A. (2019). The neurocognitive profile of Huntington 
disease-Like 2: A comparison with Huntington disease and healthy controls. PhD thesis, 
University of the Witwatersrand.
Note: n = 171, one outlier removed based on model diagnostics. R-squared = 0.092, adjusted 
R-squared = 0.070. Bold values in the tables represent significant p-values (i.e., values less 
than 0.05).
df, degrees of freedom; SS, sum of squares; MS, mean square.

TABLE 5: Regression analysis of parameters for each clinical group versus controls.
Model Parameter β Standard

Error
Wald

Chi-Square
p

MP vs Control Intercept 12.16 2.29 28.15 0.000
Age (years) -0.12 0.02 27.13 0.000
Education 
(years)

-0.50 0.12 18.74 0.000

Total MoCA 
Score

-0.05 0.05 1.14 0.285

NCD vs Control Intercept 10.94 3.95 7.67 0.006
Age (years) -0.11 0.04 7.24 0.007
Education 
(years)

-0.73 0.20 13.43 0.000

Total MoCA 
Score

0.01 0.08 0.01 0.916

Source: The control group data was collected by the second author (A.F.C.) for the purpose 
of her PhD study. Ferreira-Correia, A. (2019). The neurocognitive profile of Huntington 
disease-Like 2: A comparison with Huntington disease and healthy controls. PhD thesis, 
University of the Witwatersrand.
Note: n = 172, df = 1.
MoCA, Montreal Cognitive Assessment; NCD, neurocognitive disorders.

Note: n = 89. Illustrated for the control group at an average age of 47.5 years.

FIGURE 1: The effect of years of education on total Montreal Cognitive 
Assessment scores.
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indicative of the current post-apartheid era in which 
younger generations of non-English first language speakers 
have better access to educational opportunities and are 
obtaining higher levels (i.e. more years) of education 
(Laher & Cockcroft, 2013; Watts & Shuttleworth-Edwards, 
2016). Gender was not significantly associated with 
performance on the MoCA, consistent with previous 
research (Malek-Ahmadi et al., 2015; Rossetti et al., 2011; 
Santangelo et al., 2015).

While there was a significant correlation observed between 
age and years of education, the statistical significance of the 
interaction between these variables was not maintained in 
the GLM. However, the descriptive data support clinical 
significance. For instance, individuals aged 51–60 years (with 
less than 12 years of education) scored a total mean of 20.0 
points, whereas participants aged 30–50 years old (with 12 or 
more years of education) scored three points higher with a 
total mean of 23.4 points on the MoCA. The effect of age is 
ambiguous in the literature, with some studies finding that 
total MoCA scores decrease as age increases (Beath et al., 
2018; Rossetti et al., 2011), while others report no association 
(Robbins et al., 2013). Because of age-related cognitive 
decline, total MoCA scores may decrease with older age 
(Freitas et al., 2012). However, this trend can be attenuated 
by educational attainment. According to the cognitive reserve 
hypothesis, more years of formal education contribute to 
greater cognitive preservation, which can mitigate the effects 
of age-related cognitive decline (Stern, 2009).

The contribution of the level of education on MoCA 
performance in this study was such that the total MoCA 
scores ranged between 20.4 points for controls with 7 years 
of education to 24.8 points for subjects with 19 years of 
education. This emphasises the importance of considering 
years of education and potentially qualitative variables 
related to educational history in all psychometric studies 
conducted in South Africa (Laher & Cockcroft, 2014; Manly, 
2005). Furthermore, it is important to highlight that these 
results are based on the total score of the MoCA that 
includes an educational adjustment, which demonstrates 
that the recommended one-point adjustment is not sufficient 
to mitigate the effects that educational disparities have on 
this test.

The control group displayed a performance that was well 
below the originally recommended cut-off of 26, despite 
being considerably younger. This cut-off was derived from a 
predominantly homogenous, Caucasian, western and well-
educated sample (Nasreddine et al., 2005). The performance 
of the current control sample was comparable with an 
ethnically diverse population-based sample in North 
America, whereby the mean total MoCA scores ranged 
between 20.5 points for individuals with less than 12 years of 
education to 24.8 points for individuals with more than 12 
years of education (Rossetti et al., 2011). Rossetti et al. (2011) 
also found that Caucasians had significantly more years of 
education and obtained significantly higher mean total 
MoCA scores than Black people, Hispanic people and other 

groups. Therefore, differences in mean MoCA scores cannot 
be attributed to ethnicity, as ethnicity is associated with 
socioeconomic inequalities, which, in South Africa, are linked 
to access to resources and education (Brickman, Cabo, & 
Manly, 2006; Laher & Cockcroft, 2013). In addition, the 
observed differences in MoCA scores may be because of a 
lack of cultural equivalence of test items, which can be a 
source of bias (Robbins et al., 2013). However, cultural 
equivalence is difficult to obtain, define and measure, 
particularly in culturally diverse contexts such as South 
Africa. It is therefore often measured via proxy variables, 
such as language and education (Ng et al., 2018). In this 
study, we controlled for participants not having English as a 
first language and having attended public schooling. In 
addition, Ng et al. (2018) contends that one way to overcome 
this bias, although not always possible, may be through 
efforts to validate the cognitive test locally in a well-defined 
sample, as we have done.

Numerous studies with differing sample characteristics 
and contextual factors have reported the original cut-off of 
26 to be too stringent, increasing the risk of misclassification 
and false positives (Conti, Bonazzi, Laiacona, Masina, & 
Coralli, 2015; Pinto et al., 2018; Wong et al., 2015). The most 
affected by misclassification are less educated individuals; 
however, even highly educated individuals, with no 
cognitive impairment, obtain mean MoCA scores within 
the ‘abnormal’ range (Elkana et al., 2020; Rossetti et al., 
2011). Therefore, low MoCA scores cannot be assumed to 
indicate cognitive impairment. Given that the literature has 
consistently demonstrated the effects of age and years of 
education on MoCA performance (Elkana et al., 2020; 
Wong et al., 2015), these results highlight the need to 
abandon the suggested universal cut-off point, particularly 
in heterogenous samples such as the one investigated in 
this study.

Internal consistency of the Montreal Cognitive 
Assessment
Demographic characteristics of the sample, such as age and 
education, can affect the reliability of an instrument (De 
Souza et al., 2017). In this study, the MoCA showed moderate 
yet acceptable internal consistency. While some researchers 
contend that a minimum alpha value of 0.70 is acceptable (De 
Souza et al., 2017), Kline (1999) notes that values below 0.70 
can realistically be expected when dealing with diverse 
psychological constructs. This is particularly true regarding 
the MoCA as it represents a multi-construct scale. 
Alternatively, the moderate internal consistency could be a 
result of inconsistent responses to items among the sample 
(De Souza et al., 2017). This may be because of different levels 
of English proficiency among the respondents, which was 
not measured (Laher & Cockcroft, 2013).

Discriminant validity of the Montreal Cognitive 
Assessment
With regard to the discriminant validity of the MoCA, the 
final regression model revealed that control, MP and NCD 
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groups could not be distinguished based on total MoCA 
scores, because all three groups obtained similar mean 
scores. Contrastingly, in another South African study, HIV 
status was a significant predictor of total MoCA scores 
because the HIV group obtained significantly lower mean 
total MoCA scores (M = 18.62, s.d. = 4.39) relative to the 
controls (M = 21.67, s.d. = 2.00; Robbins et al., 2013). The 
discrepancies can be attributed to the use of different 
samples and sampling methods. For instance, in Robbins et 
al.’s (2013) study, the number of participants in the HIV-
positive (n = 39) and HIV-negative (n = 39) groups were 
balanced, whereas in the present study, diagnostic group 
sizes were unbalanced. However, the means adjusted for the 
unequal observations in each diagnostic category were 
identical to the raw observed means, suggesting that the 
total mean MoCA scores obtained are not a product of the 
unbalanced group sizes.

Another possibility is that the utility of the MoCA does not 
extend beyond its original scope for detecting MCI and 
dementia to samples with different socio-demographic 
characteristics and/or HIV populations experiencing 
comorbid psychiatric and NCDs. Other studies have 
highlighted the inadequacy of the MoCA in screening for 
HIV-associated neurocognitive disorders (HAND; Brito-
Marques et al., 2019; Hakkers et al., 2018; Kim et al., 2016). 
For instance, using combined data from North America and 
South Africa, Joska et al. (2016) found that the MoCA yielded 
excellent sensitivity (100%), but poor specificity (22%), in 
screening for HAD. Joska et al. (2016) also stated that ‘a 
screener used in the USA [United States of America] should 
also be useful in Africa […]’ (p. 3). While this may be true for 
well educated and highly acculturated English first-language 
speakers in Africa, the same may not apply to less westernised 
non-English first language-speaking populations (Laher & 
Cockcroft, 2013; Nyamayaro, Chibanda, Robbins, Hakim, & 
Gouse, 2019).

Limitations
The South African population is diverse. Therefore, the 
characteristics of the sample may limit generalisability to 
dissimilar populations (Murad, Katabi, Benkhadra, & 
Montori, 2018). The relatively small size of the subgroups 
also limits the accuracy of inferences that can be drawn, 
especially for the NCD group (n = 13). One of the limitations 
of using secondary data is that it reduces the researchers 
control over some aspects of the research, such as sampling 
and group matching (Jones, 2010). While groups were 
matched in terms of having English as a second or third 
language, diagnostic groups were not well matched in terms 
of age, years of education and gender. However, archival 
data facilitate preliminary studies such as this which could 
otherwise not be conducted during times of elevated risk, 
such as during a pandemic. In addition, while matching may 
enhance comparability between cases and controls and 
improve statistical efficiency, variability in the factors of 
interest is necessary in studies such as this to evaluate 
the effect that these variables have on total MoCA scores 
(Bland & Altman, 1994).

Implications and recommendations
The reliability and validity of the MoCA in South African 
samples have not been extensively examined. This study has 
demonstrated that the MoCA may not be accurate 
for detecting cognitive impairment associated with HIV in 
populations with similar sample characteristics. Therefore, 
caution is recommended when utilising the MoCA 
in the diverse South African context. Clinicians in South 
Africa require reliable, inexpensive, easily administered 
screening and diagnostics tools. The MoCA may be a suitable 
candidate; however, further research is needed. Future 
studies should endeavour to place stricter controls of 
variables that have an impact on cognitive performance, such 
as quality of education, language proficiency, acculturation 
and socioeconomic status (Brickman et al., 2006; Laher 
& Cockcroft, 2013). This may serve to improve the 
representation of other demographic variations to improve 
the generalisability of findings.

Conclusion
The present study found that performance on the MoCA was 
significantly influenced by age and years of education. The 
MoCA showed moderate internal consistency, but poor 
discriminant validity, suggesting that the MoCA may not be 
useful as a screening or diagnostic tool for cognitive 
impairment associated with HIV in populations with similar 
sample characteristics. More extensive evaluation of the 
psychometric properties of the MoCA in South Africa is 
recommended.
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