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Abstract

We aimed to compare the concordance between the Montreal Cognitive Assessment (MoCA)
and the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS), as
cognitive screening tools to detect mild cognitive impairment (MCI) in a South African adult
community sample (N = 370).

The MoCA showed acceptable internal consistency, agreement with the RBANS and good
criterion-related validity. The MoCA demonstrated fair performance, compared to the RBANS,
for predicting MCI, with AUCs of 0.711 (English) and 0782 (Afrikaans). Using the recom-
mended cut-off score of 26/30, the MoCA showed high sensitivity but low specificity. Sensitivity
and specificity were optimal when the cut-off scores were lowered to 25/30 (English) and 24/30
(Afrikaans). MoCA scores were significantly associated with language, sex, age and education.

While these findings demonstrate applicability of the MoCA in screening for and identifying
mild cognitive difficulty in this population, our findings suggest thatmodifications are needed to
improve differentiating between normal aging andMCI. Until a culturally adapted version of the
MoCA is developed and validated for this population we suggest lowering the cut-off score to
25/30 (English) and 24/30 (Afrikaans) to reduce false positive NCD diagnoses. Demographic
factors (age, sex, language and education) also need to be considered.

Impact statement

- The MoCA appears to be a useful tool to screen for cognitive difficulties in this South African
population.

- That said, some cultural adaptation is needed, and demographics factors such as age, sex,
language and education should be considered, to improve the ability of the MoCA to
identify MCI.

- Until a culturally adapted version of the MoCA has been developed for this population, we
suggest that a cut-off score of 25/30 is used for the English version and 23 or 24/30 is used for
the Afrikaans version, to reduce incorrectly identifying cognitive difficulties.

Background

Routine screening and monitoring of cognitive function is critical to optimal clinical manage-
ment of patients across disciplines (Dolansky et al., 2016; Cho et al., 2018; Hagi et al., 2021; Zhou
et al., 2021). Undetected cognitive impairment can impair treatment outcomes such as thera-
peutic receptiveness (e.g., ability to engage in psychotherapeutic processes or pharmacological
treatment adherence) (Knight et al., 2019; Sachs et al., 2020; Wu et al., 2023). Additionally, if left
undetected and therefore untreated, individuals presenting with cognitive decline can progres-
sively deteriorate, significantly impacting their activities of daily living (ADLs) and resulting in an
overall poorer quality of life (Hill et al., 2017).

Depending on the severity of cognitive impairment and the degree of functional impairment
present, a diagnosis of a mild or major neurocognitive disorder (NCD) may be warranted
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(American Psychiatric Association [APA], 2013). While both mild
and major NCD indicate a decline from premorbid cognitive
functioning, major NCD, also known as dementia, requires signifi-
cant impairment in one or more of the principal cognitive
domains (complex attention, executive function, learning and
memory, language, visuospatial and social cognition). These
impairments represent a decline from a previous level of func-
tioning of sufficient severity to interfere with ADLs (APA, 2013).
Conditions such as traumatic brain injury (TBI) or advanced
human immunodeficiency virus (HIV) can result in NCDs
(APA, 2013). Other etiologies of NCDs include Alzheimer’s dis-
ease, vascular pathology, Lewy body dementia and frontotem-
poral lobar degeneration. Ageing remains the most significant
risk factor for NCDs, and considering the growing elderly popu-
lation globally and in South Africa, the prevalence of age-related
diseases, such as NCDs, is likely to rise (Martin Prince et al., 2015;
World Health Organization (WHO), 2024). Once diagnosed,
most major NCDs are usually irreversible, relatively treatment-
resistant, and greater psychosocial and healthcare demands need
to be met in order for management to be effective (Rasmussen
and Langerman, 2019). Due to resource constraints faced bymany
low to middle-income countries (LMICs), such as South Africa,
effective management is challenging (Docrat et al., 2019; Shisana
et al., 2024).

Compared to major NCD, mild NCD, also known as mild
cognitive impairment (MCI), entails more subtle and modest con-
cerns about cognitive decline. This decline typically presents with-
out significant interference withADLs, such that the person can still
function independently (APA, 2013). Therefore, mild NCD repre-
sents an intermediate state between normal age-related cognitive
decline andmajorNCDs, representing a critical intervention period
(Salzman et al., 2022) While mild NCD is a risk factor itself for
developing a major NCD, such as Alzheimer’s dementia there are
other modifiable factors which increase the risk of the progression
to a major NCD (Sabbagh et al., 2020; Nezhadmoghadam et al.,
2021; Wolfova et al., 2021). Some of these modifiable factors
include cardiometabolic (Lu et al., 2022), treatment adverse
effects (Breijyeh and Karaman, 2020; Franzoi et al., 2021), vitamin
deficiencies such as vitamin B12 or folate (Zhang et al., 2020),
psychiatric conditions such as severe depression (Varghese et al.,
2022) and suboptimally treated infections such as HIV and syph-
ilis (Hernandez-Ruiz et al., 2022). These may be addressed by
dietary and lifestyle changes or appropriate pharmacological
treatment, resulting in improved cognition, greater quality of life
and notably decreased psychosocial and healthcare resource
needs (Zhang et al., 2022). This is particularly relevant to
South Africa, given the high prevalence of these potentially modi-
fiable risk factors in South Africa accompanied by significant
resource constraints (Docrat et al., 2019; Alkhatib et al., 2021;
Greene et al., 2021; Monyeki et al., 2023; Cassambai et al., 2024;
Malan et al., 2024). Considering this high prevalence of modifi-
able risk factors in South Africa, early detection of cognitive
decline is a fundamental first step in initiating early intervention,
specifically at the community-based level within the public
healthcare (PHC) system (Sabbagh et al., 2020). However, owing
to the subtle changes in mild NCD and resource constraints, it can
remain undetected. This necessitates identifying available, suit-
able, efficient and reliable cognitive screening tools that are sen-
sitive, appropriate, and easily administered (de Villiers, 2021;
Shisana et al., 2024).

Several cognitive bedside administered screening tools are avail-
able, each with advantages and limitations (Zhuang et al., 2021). The

Montreal Cognitive Assessment (MoCA), developed and validated
byNasreddine et al. (2005), is a freely available one-page, 30-item test
typically administered within 10–15min (www.mocatest.org).While
freely available, theMoCA developers encourage virtual training and
certification to ensure correct administration. The MoCA evaluates
eight cognitive domains: executive functions, visuospatial abilities,
short-term and delayed verbal memory, language, attention, concen-
tration, working memory and temporal and spatial orientation. This
original MoCA paper version, the MoCA Full, was validated in an
English/French-speaking older Canadian sample of adults with
normal cognition, mild NCD and Alzheimer’s disease. Using a
cut-off score of ≥ 26/30, with an education correction of one point
for individuals with ≤ 12 years of education, the sensitivity of the
MoCA for identifying mild NCD was 90% and the specificity was
87% (Nasreddine et al., 2005). The original face-to-face adminis-
teredMoCA Full is now available in over 100 languages, including
Afrikaans, isiXhosa, and Zulu, and has advanced in terms of
administration modes (e.g. electronic or audio-visual version);
sensory adaptation (e.g. MoCA-Blind), and multiple versions to
monitor cognitive changes.

Since its release, several countries have evaluated the reliability
and validity of the MoCA Full (Freitas et al., 2011; Narazaki et al.,
2012; Yu et al., 2012; Memõria et al., 2013; Kirkbride et al., 2022;
Geller and Slicer, 2024; Lau et al., 2024). While the MoCA has
shown good reliability and validity in screening for cognitive
impairment in some settings limitations and item level and cut-
off score modifications have been suggested (Freitas et al., 2011;
Narazaki et al., 2012; Yu et al., 2012; Memõria et al., 2013). Item-
level changes weremotivated by cultural sensitivity, recommending
replacing foreign animals with more familiar indigenous animals
(language domain), and replacing words in the delayed recall test
with words from participants’ cultural background (e.g., velvet with
silk in the case of the Chinese population) (Freitas et al., 2011;
Narazaki et al., 2012; Yu et al., 2012; Memõria et al., 2013). Accom-
panied by cut-off score modification, the reliability and validity of
the MoCA in detecting mild NCD is supported in some African
countries (Daniel et al., 2022), including South Africa (Rademeyer
and Joubert, 2016; Thungana, 2022; Van Wijk et al., 2024). At the
same time, other South African-based researchers have questioned
the reliability and validity of the test in our setting? (Robbins et al.,
2013; Hakkers et al., 2018; Kirkbride et al., 2022).

Another cognitive screening tool is the Repeatable Battery for
the Assessment of Neuropsychological Status (RBANS), which is
increasingly used and has been extensively researched (Randolph
et al., 1998; Pandya, 2020; Suliman et al., 2021; Ikanga et al.,
2024). Originally developed as a brief neuropsychological screen-
ing battery for NCDs in older adults, the RBANS has normative
data for ages 20–89 and requires approximately 20–30 min
administration time (Randolph et al., 1998). Similar to theMoCA,
the RBANS has multiple versions (Form A–D), making it helpful
inmonitoring cognitive changes over time (Randolph et al., 1998).
However, relative to the MoCA, the RBANS offers a more
in-depth assessment which may improve reliability and validly
in detecting cognitive impairment (Randolph et al., 1998; Paul
et al., 2011; Shaughnessy et al., 2019). The RBANS comprises
twelve sub-tests combined to form five index scores and a total
score. These five indexes are immediate verbal memory, visuo-
spatial/constructional, language, attention and delayed memory
(including verbal and visuospatial). The RBANS index scores are
converted to descriptive performance classifications: exception-
ally high, above average, high average, average, low average, below
average and extremely low (Guilmette et al., 2020). Since the
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publication of the RBANS in 1998,multiple studies have evaluated
the reliability, validity, and clinical utility of the tool (De La Torre
et al., 2014; Thaler et al., 2015). Initially available in English and
Spanish, the RBANS has been translated into over 40 languages
and demonstrated good sensitivity and specificity in identifying
patients with Alzheimer’s disease and mild NCD (Karantzoulis
et al., 2013). Although initially developed for the evaluation of
NCD due to Alzheimer’s disease, the RBANS has been used to
assess a wide variety of clinical populations, including HIV-
associated NCD (Bucher et al., 2022), TBI (Arch and Ferraro,
2021), depression (Faust et al., 2017), and Parkinson’s disease
(Yang et al., 2009) among others (Shaughnessy et al., 2019). A
study that assessed for cross-cultural systematic differences on the
RBANS reported no systematic cultural/linguistic bias that would
require adjustments to the translations, which, given some of the
raised concerns about the MoCA, supports the RBANS as an
appealing option (Weber et al., 2019).

Considering significant resource constraints and conflicting
findings about the reliability and validity of the MoCA in our
setting, the purpose of the current study was to evaluate the
concordance between the MoCA (Version 7.1) and the RBANS
(Version A) as cognitive screening tools to detect mild NCD in a
South African adult community sample. Results of this study can
inform whether a bedside test, such as the MoCA, can be used in
place of longer neurocognitive batteries in our setting. Second, we
aimed to contribute to the growing body of literature on the MoCA
in South Africa by generating data to further inform the optimal
cut-off score to detect cognitive impairment in our sample and
setting. We also aimed to evaluate whether demographic factors
such as sex and age influence performance and should be con-
sidered when interpreting MoCA performance in our setting. This
can inform ‘a best approach’ when using and interpreting these
available tools in our setting and whether further linguistic and
cultural adaptation is needed. To the best of our knowledge, this is
the first study to directly evaluate and compare the MoCA and
RBANS in a South African setting.

Methods

Study design and setting

The current study was a cross-sectional observational study nested
in the ’Understanding the Shared Roots of Neuropsychiatric Dis-
orders (NPD) and Modifiable Risk Factors for Cardiovascular
Disease’ (Shared Roots) project. The Shared Roots project was
conducted in Cape Town, Western Cape, South Africa (Health
Research Ethics Committee [HREC] at Stellenbosch University:
N13/08/115). Participants were recruited through purposive
sampling using community newspaper advertisements and flyers
and were drawn from the dominant ethnic group (mixed ances-
try) in this geographical region. The project aimed to investigate
contributing factors to comorbidity in neuropsychiatric dis-
orders (NPDs) and metabolic syndrome (MetS). Its aim was
investigated in three NPD cohorts: posttraumatic stress disorder
(PTSD), schizophrenia, and Parkinson’s disease (PD). The
Shared Roots project was a cross-sectional matched case–control
study (van den Heuvel et al., 2020), and the current study was
conducted in the control cohort.

Participants

Shared Roots’ participants were adults (≥ 18 years old) who could
read and understand the written informed consent forms in English

or Afrikaans, which are the main languages spoken within the
Western Cape as well as within the mixed ancestry population
(Savedra et al., 2021). Based on a clinical history and diagnostic
interview, participants were excluded from the control cohort if
they (i) had a neurological disorder, (ii) had major current psychi-
atric disorders including current psychiatric medication use,
(iii) had a major medical illness (e.g. epilepsy, stroke, cancer or
chronic infections such HIV), (iv) were known with intellectual
disability or significant head injury resulting in loss of conscious-
ness, or (v) had a diagnosis of amajor neurocognitive disorder. As a
result, the sample consisted of generally healthy adults without
serious psychiatric or medical morbidity, which might affect cog-
nitive performance.

Procedures

Shared Roots’ participants were assessed for the presence of any
psychiatric disorder with a clinician-administered diagnostic
interview— the MINI International Neuropsychiatric Interview
(Sheehan et al., 1998). Participants also underwent metabolic
syndrome screening, neurocognitive tests, blood sampling (e.g.
for genomic analyses) and neuroimaging assessments. Study pro-
cedures, including the MoCA and RBANS administration, were
conducted in English/Afrikaans based on participant preference.
The English and Afrikaans MoCA versions were obtained from
the website, https://mocacognition.com/, and the English and
Afrikaans RBANS source documents, adapted for the South African
population with minor changes to the List Recall and Story Mem-
ory subtest wording, from the developer. The study team included
a psychiatrist, a physician experienced in psychiatry, two psych-
ologists and research nurses. Participants were reimbursed for
their travel costs.

Statistical analysis

Statistical analyses were undertaken using Statistica (version 13)
and SPSS (version 29). All tests were 2-sided, and statistical signifi-
cance was set at p < 0.05. Descriptive statistics were computed for
MoCA total and domain scores. Criterion validity for global cog-
nition and domain scores between the MoCA and RBANS was
assessed using Pearson’s correlation tests. Pearson’s correlation
coefficients were also used to determine associations between age
and education, and MoCA scores. ANOVAs were used to establish
the association between MoCA scores and categorical variables
(e.g., sex). The internal consistency of the MoCA was derived using
Cronbach’s alpha. Regression analysis was used to create age and
education-adjusted z-scores for both theMoCA andRBANS, which
were converted to standard scores.

The MoCA consists of 28 items, 27 of which are scored out of
1 and one item (serial 7), which is scored out of 3. Firstly, the serial
7 s item scores were transformed in SPSS to a score out of 1 by
dividing the existing scores by 3, thus allowing us to compare all the
scores out of 1. Second, a composite mean score was created for all
the items (scored out of 1) combined; the mean for this composite
score was 0.805 (SD 0.098) for the English and 0.769 (SD 0.109) for
the Afrikaans samples, respectively. Items that participants per-
formed poorly in were considered items with a score of more
than 2 SDbelow themean for the composite score (i.e. less than 0.61
for the English sample and less than 0.55 for the Afrikaans sample).

A Bland–Altman plot was derived to compare the agreement
between the MoCA and RBANS and to assess for bias. The Bland
Altman plot used raw scores and is a plot on the X axis of the mean
of the 2 measures (RBANS/MoCA) taken for each participant, with
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the Y axis representing the arithmetical difference between the two
measures.

Receiver operator characteristics (ROC) analysis was under-
taken to assess whether MoCA total scores predicted mild
NCD according to the RBANS. Mild NCD was defined as one
standard deviation (1SD) below the mean of the standardized
score (a score of 85 or less) (Duff et al., 2010). We assessed the
sensitivity and specificity of the two scales by using recom-
mended cut-off scores of ≤ 26/30 for the MoCA) (Nasreddine
et al., 2005) and ≤ 85 (1SD below the mean) for the RBANS (Duff
et al., 2010).

We report cut-off scores for optimal sensitivity and specificity
based on the data. Area under the curve (AUC) was used to
compare the diagnostic performance between the MoCA and the
RBANS. Finally, multiple regression analysis was performed with
theMoCA score as the dependent variable and age, sex, and years of
education as the independent variables.

Results

Sample characteristics

The final sample (N=370)was primarily female (70.8%),with amean
age of 45.96 years (SD:15.07; range = 18–81 years). Themajority were
Afrikaans first language speaking (73.8%) and had completed sec-
ondary school (79.5%) with amean of 11.06 ± 2.72 years of education
(education range = 4–25). When stratified by language, Afrikaans
participants were significantly older (p ≤ 0.001) and had lower
education levels (p ≤ 0.001) (see Table 1).

MoCA performance

The MoCA showed acceptable internal consistency in both the
English and Afrikaans versions (Cronbach alpha = 0.582 and
0.694, respectively). The variables ’orientation to place’ and ’orien-
tation to city’, however, showed zero variance and, as a result, were
removed from the analysis.

Age was significantly correlated with theMoCA total score, with
older participants performingworse (r=�0.203, p≤ 0.001). Female
participants also performed worse (F = 18.37, p ≤ 0.001), as well as
participants with fewer years of education (r = 0.326, p ≤ 0.001).
Gender was associated with education with female participants
having lower education levels (F(1) = 16.6, p ≤ 0.001. Age was
moderately correlated with total years of education (r = �0.434;
p ≤ 0.001).

Below-average (2SD below the mean) scores were observed on a
number of MoCA items: ‘Alternate Trail Making’, ’Cube copying’,
Language: Sentence 2 Repetition ’Verbal fluency’, ’Abstraction:
watch-ruler’, ’Recall: face, church, daisy’. These can be seen in
Table 2.

Concordance between MoCA and RBANS in evaluating
mild NCD

There was amoderate correlation betweenMoCA and RBANS total
scores (r = 0.615; p ≤ 0.001; Eng: r = 0.510, p ≤ 0.001; Afr: r = 0.639,
p ≤ 0.001), indicating acceptable criterion-related validity. Correl-
ations were also run on MoCA and RBANS domain scores with
MoCA visuo-executive and RBANS visuospatial showing a mod-
erate correlation (r = 0.511, p ≤ 0.001; Eng: r = 0.408; p ≤ 0.001; Afr:

Table 1. Participant characteristics stratified by language

Characteristics

English Afrikaans

SignificanceN (%) Mean (SD) N (%) Mean (SD)

Total N = 368 106 (28.9) 262 (71.1)

Sex χ2(1) = 0.650, p = 0.448

Male 34 (32.1) 73 (27.9)

Female 72 (67.9) 189 (72.1)

Age χ2(3) = 29.461, p ≤ 0.001

<25 24 (22.6) 17 (6.5)

25–49 50 (47.4) 112 (42.7)

50–64 21 (19.8) 108 (41.2)

>65 11 (10.4) 25 (9.5)

40.6 (16.9) 47.8 (13.8) F(1,366) = 17.910, p ≤ 0.001

HLOE χ2(2) = 15.512, p ≤ 0.001

Less than secondary 2 (1.9) 28 (10.7)

Secondary 83 (78.3) 209 (79.8)

Tertiary 17 (16.0) 16 (6.1)

MoCA

Raw score total 24.1 (3.0) 23.1 (3.3) F(1,366) = 7.438, p = 0.007

RBANS

Raw score total 210.3 (25.6) 196.2 (28.2) F(1,364) = 19.600, p ≤ 0.001

Note: In view of missing data, percentages may not add up to 100%.
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r = 0.559, p ≤ 0.001), RBANS delayed memory and MoCA delayed
recall a moderate correlation (r = 0.431, p ≤ 0.001; Eng: r = 0.416,
p ≤ 0.001; Afr: r = 0.421, p ≤ 0.001) and MoCA and RBANS
attention (r = 0.281, p = p ≤ 0.001; Eng: r = 0.312, p ≤ 0.001; Afr:
r = 0.269, p ≤ 0.001) and MoCA and RBANS language (r = 0.235,
p ≤ 0.001; Eng: r = 0.282; p = 0.04; Afr: r = 0.223, p ≤ 0.001) showing
weak correlations.

The Bland–Altman Plot (see Figures 1 and 2) indicated good
agreement between the MoCA and RBANS and no proportional
bias between the two tests. Random scatter around the zero-
difference lines and the correlation coefficient between the differ-
ences and the averages were not statistically significant (Eng:
t = �0.902, p = 0.369; Afr: t = �0.056, p = 0.956).

Themean score on theMoCAwas 23.41 (SD = 3.23, range 8–30)
and the mean raw score on the RBANS 200.37 (SD = 28.17, range
73–289). Previous studies have shown good sensitivity and speci-
ficity for RBANS scaled scores in predicting mild NCD at 1SD
below a mean of 100 (i.e., at a score of below 85) (Duff et al., 2010).
As such, we transformed the raw scores to scaled scores and used
this as our cut-off score for mild NCD. One hundred-and-twenty
participants (32.4%) scored both ≥ 85 on the RBANS and ≥ 26 on
the MoCA, and 45 (12.2%) participants scored below both the
MoCA and RBANS cut-off points. One hundred and ninety-six
participants (53%) scored ≥ 85 on the RBANS and < 26 on the
MoCA. Seven participants (2%) scored < 85 on the RBANS and≥ 26
on the MoCA.

The ROC curves (see Figures 2a,b) demonstrated that the per-
formance of the MoCA for predicting cognitive impairment com-
pared to the RBANS was fair. The AUC for the English sample was
0.711 (95%CI: 0.547, 0.876; p = 0.022). For the Afrikaans sample,
the AUC was 0.782 (95%CI: 0.703, 0.861; p = 0.001).

Using the recommended cut-off score of 26/30, the MoCA
showed high sensitivity (Eng: 81.8%; Afr: 87.8%) but low specificity
(Eng: 43.6%; Afr: 35.0%). In the present study, the cut-off score for
optimal sensitivity and specificity to detectmildNCDwas 25 for the

English sample. At this cut-off, the sensitivity remained at 81.1%
and the specificity increased to 57.4%. The optimal cut-off for the
Afrikaans sample was between 23 and 24. The sensitivity and
specificity were 68.3% and 75.9%%, respectively, for a MoCA cut-
off of 23 and 78.0% and 64.1%, for a MoCA cut-off of 24 (see
Table 3).

Discussion

We set out to determine the concordance between two cognitive
screening tools – the MoCA and the RBANS – and to identify the
optimal cut-off score for the MoCA to detect mild NCD in our
sample. Good concordance would suggest that the briefer MoCA
can be substituted for longer neurocognitive assessments such as
the RBANS, saving time and resources. We also hoped to evaluate
whether demographic factors influenced performance in our sam-
ple. This will assist in identifying whether adapted norms are
required. Additionally, we hoped to contribute to the growing body
of literature on the use of the MoCA in South Africa to further
inform a ‘best approach’ when using and interpreting available
tools in the linguistically, culturally, educationally and economic-
ally diverse South African setting.

We first evaluated psychometric properties of the MoCA in our
sample and found acceptable internal consistency and good
criterion-related validity. This aligns with a South African study,
and the fewAfrican studies that havemeasured internal consistency
in the MoCA (Masika et al., 2021; Kirkbride et al., 2022; Daniel
et al., 2022). It differs, however, from the only other published
South African study, which reported low reliability (VanWijk et al.,
2024). This may be since the Van Wijk study utilized a different
measure of internal consistency to the other studies. Given the
dearth of reliability and validity data on the MoCA for the
South African population, these are important findings.

Overall, there was concordance between the MoCA and the
RBANS, suggesting fair reliability of the MoCA in identifying
mild NCD in our sample, albeit using lower cut-off scores for
detection (≤ 25/30 when using the English version and ≤ 23 or
24/30 when using the Afrikaans version). Thus, our findings
support previous South African-based research of cut-off score
modification to improve MoCA reliability and validity in our
context (Rademeyer and Joubert, 2016; Thungana, 2022; Van
Wijk et al., 2024). Similar to previous research, analysis of MoCA
domain and item-level scores suggests that some items may need
modification (Freitas et al., 2011; Narazaki et al., 2012; Yu et al.,
2012;Memõria et al., 2013). MoCA language and recall domains
showed a weak correlation with corresponding RBANS domains.
These findings could potentially be accounted for by cultural
variations in the use of language between our sample and the
original cultural/language groups which the MoCA was validated.
Since the sample was largely Afrikaans-speaking, our findings
suggest that further adaptationsmay be warranted to the currently
available Afrikaans translation of theMoCA as well as the original
English version.

Regarding individual items, participants scored significantly
below average on abstraction (watch-ruler), cube copying and alter-
nate trail making, as well as verbal fluency and recall. The relatively
lower level of education (mean education years = 11.05 ± 2.72) of
our sample compared with the original validation sample, and the
‘outlier’ items above (whichmay reflect cultural differences),may, to
some extent, account for the inconsistent findings. A study that
investigated the discriminant validity of theMoCA in South African

Table 2. MoCA item scores

Item

English (N = 106) Afrikaans (N = 262)

Mean SD Variance Mean SD Variance

Trails – – – 0.53 0.50 0.25

Cube drawing 0.51 0.50 0.25 0.39 0.49 0.24

Language 2nd
sentence

0.06 0.49 0.24

Verbal fluency
score

0.60 0.49 0.24 0.49 0.50 0.25

Abstraction:

Watch ruler 0.48 0.50 0.25 0.36 0.48 0.23

Recall

Face 0.52 0.50 0.25 0.33 0.47 0.22

Church – – – 0.53 0.50 0.25

Daisy 0.41 0.49 0.24 0.41 0.49 0.24

Note: For above items minimum was 0 and maximum was 1.
All of the 28 MoCA items are scored out of 1 except for Serial 7 which is scored out of 3. Serial 7
results were divided by 3 to produce a score out of 1 that other items could be compared to.
A composite score for all the items was then created; the mean for this composite score was
0.805 (SD 0.098) for the English and 0.769 (SD 0.109) for the Afrikaans samples respectively.
Items that participants performed poorly in were considered items with a score of more than
2SD below the mean for the composite score (i.e., less than 0.61 for the English sample and
0.55 for the Afrikaans sample).
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samples with HIV and psychiatric/neurocognitive disorders com-
pared to controls found similarly low scores in the entire sample, and
amean of 22 in the healthy control group (Kirkbride et al., 2022). It is
possible that linguistic tests that are more culturally appropriate and
visuospatial and abstraction items that are simpler and more in line
with the average level of education of the South African population
would fare better at detecting cognitive difficulties.

The MoCA had good sensitivity in detecting mild NCD at the
recommended cut-off score of ≥ 26/30. However, at this cut-off
score, the specificity was very low, making it likely that many
participants would receive a false positive diagnosis of mild NCD.

The optimal MoCA cut-off scores for identifying mild NCD
were ≤ 25/30 for the English sample and ≤ 23 or 24/30 for the
Afrikaans sample. At these scores, sensitivity decreased while speci-
ficity increased. Considering these findings, we would suggest lower-
ing theMoCA cut-off score in this population to ≤ 25/30 and ≤ 23 or
24/30 for the English and Afrikaans samples, respectively. A number
of other researchers, including those in other African settings, have
similarly suggested that the original cut-off score of 26/30 be reduced,
in order to reduce misclassification of individuals from different
cultures and contexts (Conti et al., 2015; Wong et al., 2015; Pinto
et al., 2019; Masika et al., 2021; Daniel et al., 2022).

Figure 1. (a) Bland–Altman Plot – English. (b) Bland–Altman Plot – Afrikaans.
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Demographic variables that demonstrated a significant negative
correlation with MoCA scores included age, while years of educa-
tion showed a positive correlation. This is consistent with other
literature on the MoCA (Malek-Ahmadi et al., 2015; Pinto et al.,
2019; Elkana et al., 2020; Kirkbride et al., 2022; Daniel et al.,
2022). Although female sex showed a negative association with
MoCA scores, this needs to be interpreted with caution as the
sample comprised a disproportionate number of females. Females
also had significantly lower levels of education, which may explain
the lower MoCA scores. The effect of sex on the MoCA is not as
clear in the literature, with some studies reporting significant
differences in performance between males and females, whereas
others do not (Lu et al., 2011; Robbins et al., 2013; Kaya et al., 2014;
Santangelo et al., 2015). There was also a significant negative
correlation between age and total years of education, which may,
at least to some degree, account for the correlation between age and
lower MoCA total scores.

Limitations

This study had several limitations. First, while we used the RBANS,
with adaptations, as our comparator screening tool formildNCD, it has
not been validated in the South African population. The importance of

validating both the MoCA and RBANS in the population in which
they are being administered cannot be overemphasized and is
demonstrated by the poor specificity of the English version of the
MoCA in this sample. Validation is the optimal way in which
appropriate cut-off scores for positive and negative classification
of cognitive impairment can be established. That said, to our
knowledge, no screening tool for mild NCD has to date been
validated in this population. Additionally, neither the MoCA nor
the RBANS was culturally adapted for our population. While this
does allow us to compare the psychometric performance with
populations in other countries, it may also be a source of bias in
the sample (Robbins et al., 2013). Second, the Afrikaans version of
the MoCA was used for patients with Afrikaans as their first
language; however, the Afrikaans version has not been standard-
ized. Third, a few factors limit generalizability. Our population
comprised individuals of mixed race (Colored ethnicity) and a
disproportionate number of females (70.8%). Additionally, 79.5%
of the sample completed high school, a number more than double
that found nationally (37.3% in 2022) (Statistics South Africa,
2024). The mean age of participants was below 50 years, and older
participants generally had lower educational levels compared to
younger individuals. Consequently, the findings may not be gen-
eralizable to typical patients with cognitive impairment, which
predominantly manifests after the age of 65.

Fourth, although we grouped participants according to years of
education, we were unable to control for the quality of education.
Given that many of the older participants were likely to have been
educated during a period of South African history of structural
inequality where there was a high degree of variation in the quality
of education on the basis of race, this may have influenced per-
formance on these measures. The effects of education on cognitive
screening have been widely reported in the literature, to the extent
that studies on the MoCA have, in the past, excluded illiterate
individuals (Freitas et al., 2011) due to concerns that this would
impact global scoring. Other studies have recommended changes to
items (Yu et al., 2012; Hu et al., 2013) to accommodate for the

Figure 2. (a) ROC Curve: MoCA compared to RBANS – English. (b) ROC Curve: MoCA compared to RBANS – Afrikaans.

Table 3. Summary of different MoCA cut-off scores predicting MCI on the RBANS

MoCA cut-off 22 23 24 25 26 27

English Sensitivity 27.3 45.5 63.6 81.8 81.8 81.8

Specificity 90.4 81.9 62.3 57.4 43.6 33.0

Afrikaans Sensitivity 56.1 68.3 78.0 85.4 87.8 97.6

Specificity 87.3 75.9 64.1 50.0 35.0 25.4
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lower level of education in their country compared to the level of
education in the original CanadianMoCA validation sample (Nas-
reddine et al., 2005). The wide range of education in our sample is
likely a representation of the South African population (OECD,
2019), and as such, we followed the latter approach and identified
items that participants performed poorly at. If these are also iden-
tified in other local studies, it may be prudent to remove or
modify them.

Conclusion

To the best of our knowledge, this is the first study to directly
evaluate and compare the MoCA and RBANS in a South African
setting.While theMoCA, because of its brevity, may be a useful and
time-saving screener for mild NCD in this population, our findings
suggest that some modification is required for certain domains and
items to improve the identification of mild NCD. Until such time
that a culturally adapted version of the MoCA has been developed
and validated for a population matching our sample, we suggest
lowering the cut-off score of theMoCA from 26 to 25 in the English
sample, and to 23 or 24 in the Afrikaans sample, in an effort to
reduce the false positive detection rate of mild NCD. In the interim,
hopefully our findings can contribute to using an informed
approach when using and interpreting the MoCA in our varied
and resource-constrained settings.

We recommend replication studies comparing the performance
of the MoCA compared to the RBANS in other South African
ethnic groups and languages to determine if this cut-off can be
reproduced. Screening for mild NCD with the MoCA does not,
however, replace a more comprehensive neurocognitive assess-
ment. Nonetheless, this study paves the way for future studies of
psychometric analysis of theMoCA that focus on scale validity (i.e.,
exploratory, and confirmatory factor analysis) and test–retest reli-
ability. In addition, validating the MoCA against a gold standard
comprehensive cognitive battery will be an important next step in
our context.
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