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Regression-based normative
scores for the Montreal Cognitive
Assessment (MoCA) in an Asian
population
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This study aimed to calculate stratified normative scores of the Montreal Cognitive Assessment (MoCA)
in an adult population in Singapore, accounting for key demographic influences. Demographic data
and MoCA scores of 1,103 healthy adults (aged 21 to 97) were obtained from a community health study
conducted in central Singapore. Factors associated with MoCA scores were identified using multiple
linear regression and B coefficients were used to estimate normative MoCA scores across strata. Model
performance was assessed using five-fold cross-validation. Normative reference scores were calculated
and stratified by age group, education level, and ethnicity to reflect typical MoCA performance

across demographic groups. The final regression model had an adjusted R? of 0.284 (p<0.001), with
age group (B =-0.325 to -2.312) and education level (f =1.783 to 4.206) accounting for the majority

of the explained variance (R?=0.271). Ethnicity also remained a significant factor in the model,

with lower scores observed among Malay (B = -1.248) and Indian (B =-0.795) participants compared

to Chinese. Among the 64 demographic combinations of age group, education level and ethnicity,

the lowest normative score (20.0) was derived for Malay individuals aged = 75 years with no formal
education. MoCA scores varied systematically with age, education level, and ethnicity in the study
population. The resulting stratified reference scores provide clinicians and researchers a useful context
for interpreting individual MoCA performance relative to demographically similar peers in Singapore’s
adult population. However, these reference scores are not diagnostic thresholds and should be
interpreted with caution until validated against clinically diagnosed cognitive impairment.
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Dementia is a prevalent neurocognitive disorder that represents a significant public health challenge, particularly
as populations age worldwide. Its prevalence among adults aged 60 years and above varies notably depending
on diagnostic criteria. According to a recent study in Singapore, while 4.6% met the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-1IV) classification criteria, this figure rose to 10% when using
the more comprehensive 10/66 dementia diagnosis protocol!. The condition’s economic impact is substantial,
with annual costs reaching 532 million Singapore dollars®.

The urgency of addressing dementia is underscored by Singapore’s demographic shifts. The proportion of
elderly residents aged 65 and above increased significantly from 12.4% in 2014 to 19.9% in 2024°. This aging
trend highlights the critical importance of early detection, particularly at the prodromal stage, when targeted
interventions may help slow cognitive decline.

Mild cognitive impairment (MCI) serves as a crucial warning sign, representing an intermediary state
between normal cognition and dementia, including Alzheimer’s disease. Studies of both clinical and community
samples have demonstrated significant rates of conversion from MCI to dementia®. To identify cognitive
impairment early, researchers have developed various screening tools, with the Montreal Cognitive Assessment
(MoCA) emerging as one of the newest and most promising instruments.

The MoCA is a brief single page inventory specifically developed to differentiate MCI from normal age-related
cognitive decline. Developed by Nasreddine et al.” as an alternative to the widely-used Folstein Mini-Mental
State Examination (MMSE), the MoCA’s comparative effectiveness has yielded mixed results in the literature.
While some studies found comparable performance between the two instruments® or similar efficacy among
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educated subjects’, the majority of research indicates that MoCA demonstrates superior screening capabilities
across various settings®%-14.

Given the MoCA’s development in a Canadian context, researchers worldwide have undertaken validation
studies to enhance its cross-cultural applicability, including translations and adjustment of cut-off scores for
different populations!>!®. The Singapore version of MoCA (mocatest.org) was culturally adapted from the
original version and has been translated into Chinese and Malay for local use!’. A local study conducted by Dong
et al.5 established the discriminant validity of MoCA in a Singapore clinical sample and demonstrated MoCA’s
superior ability to detect multiple-domain MCI compared to the MMSE. However, two studies suggested varying
optimal cut-off scores for MCI screening —24/25 by Liew and colleagues'” versus 28/29 by Ng and colleagues’
in clinical samples, and 22/23 in mixed clinical-community samples. These disparities may reflect differences in
sample sizes, demographic characteristics, and the varying severity of cognitive impairment between clinical and
community populations.

Prior literature suggests many socio-demographic factors influence an individual’s cognitive test performance,
with age and education being the most prominently reported factors!®-2>. One study even found age and
education explained 49% of the variance in MoCA performance!®. Other demographic factors, such as ethnicity,
marital status, and lifestyle factors (e.g. smoking, alcohol consumption, physical activity), and psychosocial
factors (e.g., social isolation, loneliness, depression) have been less systematically examined, particularly in
multi-ethnic populations like Singapore.

A study conducted in China established age-specific MoCA cut-off scores for older adults, highlighting a
gradual declines in cognitive performance across age brackets®®. Locally, Lim et al. reported unexplained ethnic
differences in MMSE performance among older adults with lower-education levels, suggesting the need for
ethnicity-specific adjustments when interpreting cognitive screening results?’. Similar ethnic variations may
apply to MoCA performance; however, no large-scale normative study in Singapore has stratified MoCA scores
by ethnicity, despite the country’s ethnically diverse population comprising Chinese, Malay, Indian, and other
ethnic groups. Notably, research from Malaysia - a neighboring country with similar ethnic compositions -
also reported ethnic disparities in cognitive test performance?, reinforcing the need for ethnicity-tailored
normative data. In addition, prior studies have documented that social isolation is associated with cognitive
decline or poorer cognitive performance?”*°, while healthy lifestyle serve as protective factors for cognitive
deterioration® %3,

Currently, the MoCA's screening protocol only adjusts for education, adding one point for individuals with
limited formal education. Specifically, Nasreddine et al. reccommended adding one-point to the total MoCA
scores (if<30) for individuals with <12 years of formal education®. In Singapore, this adjustment has been
applied to those with <10 years of formal education®. However, evidence by Gagnon et al.>® suggests that
while this adjustment may improve specificity, it risks reducing sensitivity, potentially leading to increased
false negatives. This limitation highlights the necessity of multifactorial normative data that specific to discrete
combinations of age, education, ethnicity, and other relevant factors.

To the best of our knowledge, no comprehensive normative study in Singapore or elsewhere has provided
normative MoCA scores stratified by discrete combinations of key demographic factors such as age, education,
and ethnicity. Furthermore, most existing studies have focused primarily on adjusting for education alone, despite
growing evidence suggesting that other variables such as age, ethnicity, lifestyle, and social factors substantially
influence cognitive testing scores. To address these gaps, this study applies a regression-based approach to
derive stratified normative MoCA scores from a community-based sample representative of Singapore’s multi-
ethnic adult population. This approach enables more precise modeling of how cognitive performance varies
across demographic subgroups, offering clinicians and researchers contextually relevant benchmarks for initial
cognitive screening. Additionally, we investigate the contributions of lifestyle and social factors to MoCA
performance to explore their potential relevance for normative interpretation and future research.

Methods

Participants and procedures

Our study sample was drawn from a larger, population-representative health study comprising 1,942 community-
dwelling residents aged 21 and above, who were randomly selected from households in central Singapore using
a two-step stratified proportional sampling approach. The detailed sampling methodology has been previously
described elsewhere®®¥. To establish normative data of the cognitively unimpaired general population, we
applied several exclusion criteria to the initial sample. We excluded participants who had missing data in MoCA
items (n=77) and reported any physician-diagnosed chronic conditions or psychiatric conditions that could
impact cognitive performance, including:

« Metabolic disorders (diabetes).

« Cardiovascular conditions (heart attack/failure, stroke/transient ischemic attack).

» Respiratory diseases (asthma, chronic obstructive pulmonary disease).

« Psychiatric disorders (depression, anxiety disorder, dementia, schizophrenia).

« Neurological conditions (Parkinson’s disease).

o Other chronic conditions (chronic kidney disease, cancer, osteoarthritis/gout/rheumatoid arthritis, osteopo-
rosis).

To identify undiagnosed depression, we screened participants using the Patient Health Questionnaire and
excluded those with depressive symptom scores of 5 or higher. We also excluded participants with visual or
auditory difficulties, as well as those with functional impairments identified through the Modified Barthel Index
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and Lawton Instrumental Activities of Daily Living assessment, as these conditions could directly affect MoCA
performance.

Consistent with previous normative studies'®?*, we retained participants with hypertension or hyperlipidemia
in the sample. This decision avoided creating an unrepresentative “super-normal” sample, given the high
prevalence of these conditions in the general population. After excluding participants with incomplete MoCA
data and those meeting exclusion criteria, our final normative sample comprised 1,105 “healthy” adults. Figure 1
illustrates the sequential exclusion process.

Measures

Montreal cognitive assessment

The MoCA evaluates global cognitive function across six domains, with total scores ranging from 0 to 30 (higher
scores indicating better cognitive function). The seven domains are as follows:

Visuospatial / executive function: evaluated using trail making, cube copying and clock drawing tasks.
Naming: measured via identifying three animals in the pictures.

Short term memory recall: assessed through delayed recall of five words presented earlier.

Attention: assessed through digit span tasks (forward and backward), vigilance, and serial subtraction.
Language: assessed via sentence repetition and phonemic fluency.

Abstraction: evaluated via explaining similarities between two objects or concepts.

Orientation: tested through stating the date, month, year, day of the week, place and city.

Population Health Survey participants

N =1,942
f N
Incomplete MoCA Data
n=77
\ J
4 N
History of Chronic llinesses’
n = 604
\ J
4 N
PHQ-9 Depressive Symptoms
n =55
\ S
( )
Hearing / Vision Difficulties
n=26
\ J
( )
Functional Impairments in
ADLs & IADLs
n=74
\. V,
*Chronic illnesses refer to diabetes, cardiovascular &

neurological conditions, respiratory diseases,

g ; ‘ psychiatric disorders, kidney disease, cancer,

Healthy (Cogm,tlvely Un|mpa|red) osteoarthritis/gout/rheumatoid arthritis, osteoporosis.

Normative Sample Hypertension and hyperlipidemia were not
n=1,105 considered exclusionary.

Fig. 1. Study participant selection flowchart.
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We administered the validated Singapore version of the MoCA through face-to-face interviews conducted by
trained interviewers in each participant’s preferred language. All interviewers completed standardized training
and supervised mock assessments conducted in strict accordance with official MoCA administration protocols
to ensure inter-rater reliability and consistency in test administration. For Chinese dialect speakers, the Chinese
version of the MoCA was used while conducting the assessment in their preferred dialect, as the written text
materials remain consistent across all Chinese language variants.

MoCA scores were computed by summing the individual item scores across all cognitive domains, resulting
in a total score ranging from 0 to 30, where higher scores indicate better cognitive performance. The standard
one-point adjustment for education was not applied, as education level was included as an independent variable
in the regression models.

Independent variables

Socio-demographic factors were included as independent variables, encompassing age group (21-39, 40-59, 60—
74, 275 years), sex (male, female), education level (no formal education, primary, lower-secondary, secondary,
post-secondary & vocational/technical training, bachelor’s degree or higher), employment status (employed full-
time, employed part-time, unemployed, homemaker, retired), ethnicity (Chinese, Malay, Indian, others), marital
status (single, married, widowed/divorced/separated), living arrangement (living alone, with spouse only, with
spouse and children/grandchildren, with children/grandchildren but not spouse, with others), and housing type
(public 1-2 room flat, public 3 room flat, public 4-5 room flat or larger, private/ landed property).

Lifestyle factors including the frequency of recreational and social activities (1=Never to 5=Very often),
smoking status (0=Never smoked, 1=Current smoker, 2=Past smoker), and alcohol misuse (six or more
alcoholic drinks on one occasion) as well as social factors, such as social isolation (assessed using the Lubben
Social Network Scale-6) and loneliness (measured by the UCLA 3-item scale), were included as covariates for
model adjustment.

Statistical analysis
Socio-demographic characteristics of the normative sample, being categorical variables, were summarized using
frequencies and percentages.

We used multiple linear regression model (enter method) to assess the associations between individual
independent variables and MoCA scores (the dependent variable), computing overall p-values for categorical
variables. Although a broader range of variables was initially entered, lifestyle, social and demographic factors
including living arrangement, employment status, and housing type were ultimately excluded from the
subsequent models due to their limited explanatory power and lack of statistical significance (all p-values>0.1
except social isolation p=0.059; see Supplementary Table S1). This stepwise refinement allowed us to retain
a model that balanced explanatory power with parsimony, ensuring robustness and practical relevance for
generating normative scores. Accordingly, the following four models were developed to systematically assess the
impact of various independent variables that were statistically significant. Results are presented as  coefficients
with 95% confidence intervals (CIs).

o Model 1: Included all identified significant factors including age group, education level, and ethnic group (all
p values<0.05).

o Model 2: Incorporated continuous age instead of age groups for comparison.

o Model 3: Collapsed education levels into four categories (no formal education, primary, secondary, and
post-secondary or higher) based on: (1) empirical similarity of § coefficients between primary and lower sec-
ondary and between post-secondary, vocational/technical training and bachelor’s degree or higher in Model
1; (2) preserved predictive validity with enhanced clinical interpretability; and (3) consistency with prior
findings by Ng et al.”.

In Models 1 and 3, individuals aged 21-39 years were selected as the reference group due to their cognitive
stability and low prevalence of age-related cognitive decline, providing an appropriate baseline for comparative
analysis. We assessed multicollinearity among independent variables using the variance inflation factor, with all
values falling below the acceptable cut-off of 2.5. Model assumptions were verified through visual inspection
of models’ residual plots and Cook’s distance values to identify potential violations or influential observations.
Additionally, we also tested for interaction terms (e.g., age group x education level, age group X ethnicity group),
which were not statistically significant (overall p>0.05) and were excluded to maintain model parsimony.
We validated the robustness of the final model (Model 3) via five-fold cross-validation using Stata’s crossfold
command.

Normative (predicted mean MoCA scores) and cut-off scores (derived by subtracting 1SD [Root Mean
Squared Error in the final equation] from predicted mean MoCA scores) for all demographic combination groups
were derived following the methodology outlined by Van Breukelen and Vlaeyen®®. By employing regression
model coefficients to generate normative scores, this approach facilitated the identification of characteristics
relevant to the norming process (validity) and enhanced the continuity and stability of the scores across defined
subgroups, thereby improving their reliability?®.

All statistical analyses were conducted using Stata/SE 17.0 (StataCorp LLC with a two-side alpha level of 0.05
for statistical significance.

Results
The normative sample consisted of 1,105 participants (mean age=47.3+15.1 years; 56.8% female), with 80.5%
being of Chinese ethnicity. Participants aged 40-59 years constituted the largest group (41.8%). Most participants
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had completed secondary education or higher (74.4%), were employed full-time (64.8%), and married (61.7%).
In terms of housing and living arrangement, 55.3% resided in public 4-5 room flats and 42.8% lived with their
spouse and children/grandchildren (Table 1).

Multiple regression analysis results in Table 2 revealed significant associations between MoCA scores
and age, education level and ethnicity (all overall p <0.001). In Model 1, age demonstrated a negative linear
relationship with cognitive performance, with B coeflicients ranging from —0.304 (95% CI: -0.693, 0.084) for
those aged 40-59 to -2.278 (95%CI: -0.3220, -1.336) for those aged > 75 compared to the reference group (those
aged 21-39). Education level showed strong positive association with MoCA scores, with increasing coefficients
from primary education (f=1.973, 95%CI: 1.210, 2.736) to bachelor’s degree & above (p=4.390, 95%CI: 3.658,
5.123) relative to no formal education. The minimal differences in f coefficients between (1) primary and lower-
secondary education and (2) post-secondary & vocational/technical training and bachelor’s degree or higher
groups support collapsing these categories for greater parsimony without substantive loss of information. Ethnic
differences were also observed, with Malay (B = -1.168) and Indian participants (f = -0.801) scoring lower than
Chinese participants. Overall, Model 1 explained 28.5% of the variance in MoCA scores (adjusted R*=0.285).

To explore model parsimony and the relative contribution of variables, alternative specifications were tested.
Replacing categorical age groups with a continuous age variable (Model 2) yielded an adjusted R? of 0.278,
suggesting no improvement in model performance. When education level was collapsed into four categories (no
formal education, primary, secondary, and post-secondary or higher) rather than the original six categories, the
simplified model (Model 3) maintained the similar explanatory power (adjusted R?=0.284, Table 2) as Model
1. In this model, all three demographic factors — age group, education level and ethnicity - remained associated
with MoCA scores. Age group and education level were the primary contributors to the model (adjusted
R%=0.271), whereas ethnicity showed a relatively weaker but still statistically significant association with MoCA
scores (adjusted R?=0.013).

Percentage
Characteristic Number of participants, n | (%)
Age Group 21-39 378 34.2
40-59 462 41.8
60-74 223 20.2
>=75 42 3.8
Gender Male 477 432
Female 628 56.8
Ethnicity Chinese 889 80.5
Malay 83 7.5
Indian 108 9.8
Others 25 23
Education No formal education 89 8.1
Primary 111 10.1
Lower-Secondary 83 7.5
Secondary 231 20.9
Post-secondary & vocational/technical training | 263 23.8
Bachelor’s degree or higher 328 29.7
Marital Status Single 301 27.2
Married 682 61.7
Widowed/divorced/separated 122 11.0
Employment Status | Full-time 719 65.1
Part-time 110 10.0
Unemployed 59 5.3
Homemaker 127 11.5
Retired 90 8.1
Housing Type Public 1-2 room flat 81 7.3
Public 3 room flat 338 30.6
Public 4-5 room flat 611 55.3
Private / landed property 75 6.8
Living Arrangement | Living alone 115 10.4
Living with spouse, not (grand)child 175 15.8
Living with grand(children), not spouse 85 7.7
Living with spouse and (grand)children 473 42.8
Living with others 257 23.3
Table 1. Characteristics of normative sample (N=1,105).
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Independent variable

MoCA score, B (95% CI)

Model 1

Model 2

Model 3

Age group (Ref: 21-39)

40-59 -0.304 (-0.693, 0.084) -0.325 (-0.713, 0.063)
60-74 -0.944 (-1.477, -0.412) -0.985 (-1.517, -0.454)
>75 -2.278 (-3.220, -1.336) -2.312 (-3.253, -1.370)

Age (continuous)

-0.026 (-0.040, -0.013)

Education level (Ref: no formal education)

Primary

1.973 (1.210, 2.736,

2.183 (1.430, 2.935)

Lower-secondary

1.537 (0.722, 2.351

1.738 (0.931, 2.545)

1.783 (1.092, 2.475)

Secondary

3.803 (3.123,4.484)

3.545 (2.850, 4.241)

Post-secondary & vocational/technical training | 4.040 (3.313, 4.768

4.237 (3.506, 4.968)

Bachelor’s degree or higher

)
)
3.556 (2.861, 4.251)
)
)

4.390 (3.658,5.123

4.599 (3.864, 5.335)

4.206 (3.510, 4.903)

Ethnic group (Ref: Chinese)

Malay -1.168 (-1.777,-0.558) | -1.198 (-1.810, -0.586) | -1.248 (-1.851, -0.645)
Indian -0.801 (-1.336, -0.266) | -0.757 (-1.293,-0.221) | -0.795 (-1.330, -0.260)
Others -0.164 (-1.228,0.900) | -0.145 (-1.212,0.922) | -0.063 (-1.122, 0.995)
Constant 23.526 (22.791, 24.260) | 24.167 (23.108, 25.227) | 23.565 (22.831, 24.299)
Adjusted R? 0.285 0.278 0.284

Table 2. Multiple linear regression model summaries (B coefficient). Model 1: Age group + Education
level (6 categories) + Ethnic group; Model 2: Age group + Education level (6 categories); Model 3: Age
in years + Education level (6 categories) + Ethnic group; Model 4 (final): Age group + Education level (4
categories) + Ethnic group. Bold figures are significant at p <0.05.

Model 3 was ultimately chosen as the final model for generating normative scores, as it provided comparable
explanatory power to Model 1 while using fewer predictors. This increased parsimony enhances interpretability
and practical usability, particularly in healthcare settings where simplicity is essential. Furthermore, the
reduced number of variables minimizes the risk of overfitting and improves the model’s generalizability across
populations.

The MoCA total scores for all existing participants, as well as potential individuals representing combinations
of age group, education level and ethnicity with zero observed data in the study, were predicted using the
following full linear regression equation:

MoCA total score = 23.565 — 0.325 x (Age 40 — 59) — 0.985 x (Age 60 — 74)
— 2.312 x (Age 75+) + 1.783 x (Primary/Lower Secondary)
+ 3.545 x (Secondary) 4+ 4.206 x (Post — Secondary)
— 1.248 x (Malay) — 0.795 x (Indian) — 0.063 x (Other Ethnicities)
+ & (error term, 2.648).
Reference categories : Age 21 — 39 (for age group),

No formal education (for education), Chinese (for ethnicity).

Together, these findings highlight the importance of applying demographic-specific adjustments when
interpreting MoCA scores. Without such adjustments, there is a risk of misclassifying cognitive status in certain
groups, particularly older adults and individuals with lower educational attainment or from minority ethnic
backgrounds.

Table 3 presents the normative MoCA scores and screening cut-offs stratified by age group, education level,
and ethnicity based on the B coefficients derived from Model 3. Consistent patterns emerged across demographic
groups. Specifically, MoCA scores decreased with advancing age in all ethnic groups, with the highest scores
observed in the 21-39 age group (range: 22.3-27.8) and the lowest in the =75 age group (range: 20.0-25.5).
Educational attainment was positively associated with cognitive performance, with individuals having post-
secondary or higher education achieving the highest scores across all age and ethnic groups. Chinese participants
generally scored higher than individuals from other ethnic groups within comparable age and education strata.
Screening cut-offs, set at one SD (2.648) below the normative scores, were provided for each demographic
combination to facilitate clinical interpretation.

Discussion

This study provides normative data for the MoCA in a sample of 1,103 healthy community-dwelling adults in
Singapore. The results highlight the significant impact of age, education level, and ethnicity on MoCA scores,
offering a more comprehensive understanding of cognitive performance across different demographic groups.
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Education Level
Ethnicity | Age Group | None Primary Secondary | Post-secondary or higher
21-39 23.6(20.9)* | 25.3(22.7) |27.1(24.5) |27.8(25.1)
40-59 23.2(20.6) |25.0(22.4) |26.8(24.1) |27.4(24.8)
Chinese
60-74 22.6(19.9) |24.4(21.7) |26.1(23.5) |26.8(24.1)
>75 21.3(18.6) |23.0(20.4) |24.8(22.2) |25.5(22.8)
21-39 223(19.7) |24.1(21.5) |25.9(23.2) |26.5(23.9)
Malay 40-59 22.0 (19.3)* | 23.8(21.1) |25.5(22.9) |26.2(23.6)
60-74 21.3(18.7) |23.1(20.5) |24.9(22.2) |25.5(22.9)*
>75 20.0 (17.4) | 21.8(19.1) |23.6 (20.9)* | 24.2 (21.6)*
21-39 22.8 (20.1)* | 24.6 (21.9) |26.3(23.7) |27.0(24.3)
Indian 40-59 22.4(19.8) |24.2(21.6) |26.0(23.3) |26.7(24.0)
60-74 21.8(19.1) |23.6(20.9) |25.3(22.7) |26.0(23.3)
>75 20.5 (17.8)* | 22.2 (19.6)* | 24.0 (21.4)* | 24.7 (22.0)*
21-39 23.5(20.9)* | 25.3 (22.6)* | 27.0 (24.4) | 27.7 (25.1)
Others 40-59 23.2(20.5)* | 25.0 (22.3) |26.7 (24.1) |27.4(24.7)
60-74 22.5(19.9)% | 24.3 (21.7)* | 26.1 (23.4)* | 26.7 (24.1)*
>75 21.2 (18.5)* | 222 (19.5)* | 24.7 (22.1) | 25.4 (22.7)*

Table 3. Normative MoCA scores and screening cut-offs' for specific demographic groups. TCut-off scores
were presented in brackets, derived from normative MoCA scores — 1SD (2.648). *Predicted from the final
model with no observed data.

Our findings align with existing literature and support the refinement of MoCA scoring systems by accounting
for demographic factors that influence cognitive performance.

In our study, age had a strong negative association with MoCA scores, consistent with previous studies
showing that cognitive performance typically declines with age'**. This finding emphasizes the necessity of
using age-adjusted normative scores for cognitive screening, particularly for older populations where cognitive
decline is more pronounced. The age-related decline in MoCA scores was consistent across all ethnic groups,
reinforcing the need for age-stratified screening cut-offs, which can improve the sensitivity of cognitive
screening in detecting MCI and early dementia. Although using age as a categorical variable may slightly reduce
model precision®®, this approach maintained good model fit and enabled the creation of clinically interpretable
reference tables.

Educational attainment demonstrated a strong positive association with MoCA scores, with performance
gains plateauing at post-secondary or higher levels. The observed score difference - substantial four-point
difference between no formal education and post-secondary or higher education and 2.5-point between primary
and post-secondary or higher - highlight the substantial impact of education on cognitive performance and
support the necessity of education-adjusted scoring protocols. This finding aligns with previous findings that
link higher education to greater cognitive reserve”4-%2,

Our study revealed modest but significant ethnic differences in cognitive performance, with Malay and
Indian participants scoring lower MoCA scores than their Chinese counterparts. This pattern is consistent with
previous findings in multi-ethnic populations, locally and internationally, where similar ethnic variations have
been documented using MoCA* or other cognitive screening tools such as the MMSE?”4344. Notably, these
differences persisted even after adjusting for education and other demographic factors, suggesting the potential
influence of additional unmeasured factors. These may include occupational complexity, actual literacy levels,
linguistic nuances, or cultural differences in test familiarity and cognitive framing®>~*’. Although the MoCA
was administered in the participant’s preferred language, subtle language-related differences, particularly in
tasks involving verbal fluency or abstract reasoning, may still have affected performance®. Cultural norms
surrounding test-taking strategies and cognitive engagement could also contribute to variation in scores across
ethnic groups*. While our study did not directly assess these factors, future research could explore how cultural
and linguistic context, along with broader socioeconomic indicators, may shape cognitive test outcomes in
multi-ethnic populations.

Importantly, we found no interaction between education and ethnicity, which contrasting with previous MMSE
findings?’. By including participants from all the major ethnic groups in Singapore, our study extends previous
work which included only Chinese participants’ and provides normative data that are more representative of the
nation’s diverse population, enhancing the generalizability and equity of cognitive assessment within Singapore’s
multicultural context.

Our use of regression modeling addresses key limitations of previous studies that relied on conventional
subgroup analysis. By retaining a larger sample size, our approach yields more stable and generalizable estimates,
while empirically identifying the demographic factors that significantly influence MoCA performance.
This regression-based norming has gained considerable popularity due to its flexibility, which allows for the
development of more individualized and potentially realistic normative scores. Additionally, it offers greater
efficiency, often requiring smaller sample sizes to achieve comparable levels of precision to traditional norming
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methods?. The normative scores generated from our final model, stratified by age, education, and ethnicity
groups, with cut-offs defined at one standard deviation below predicted mean scores, offer a more refined and
inclusive identification of cognitive impairment across diverse population subgroups, particularly in multi-
ethnic settings like Singapore. These scores enable clinicians to more appropriately interpretate MoCA results
based on an individual’s demographic background, thereby enhancing the accuracy of cognitive screening.
This supports earlier and more accurate identification of cognitive decline and promotes timely intervention in
routine clinical practice.

Limitations and future directions

Several limitations must be acknowledged. First, the cross-sectional design prevents conclusions about cognitive
decline progression or the predictive validity of the normative scores. Longitudinal studies are needed to assess
the utility of these scores in detecting early cognitive changes and predicting the onset of MCI and dementia in
settings such as annual cognitive screening for older adults, ongoing monitoring of individuals with subjective
cognitive concerns, or at-risk populations with comorbidities like hypertension or diabetes. Such scenarios
would allow researchers and clinicians to assess whether individuals classified below normative thresholds are
more likely to experience cognitive decline over time, thereby strengthening the clinical relevance and predictive
accuracy of the proposed norms. Second, despite sample diversity, Chinese participants predominated, limiting
the generalizability of the findings. Future studies with larger and more ethnically diverse samples—including
deliberate oversampling of underrepresented groups such as Malay and Indian participants—would be beneficial
for refining and validating these normative scores. This would ensure greater representativeness and support
more equitable application of cognitive screening tools in multi-ethnic populations.

Third, while we controlled for multiple demographic and health factors, residual confounding may persist
due to: (1) undiagnosed cognitive impairment in our ostensibly healthy sample, which could attenuate
normative score accuracy; (2) undiagnosed chronic health conditions - such as diabetes or hypertension - that
are prevalent and known to influence cognitive performance®’; (3) unmeasured biological or environmental
factors influencing cognitive performance; and (4) potential interactions between controlled variables that were
not modelled. These factors may collectively impact on the predictive precision of our models.

Lastly, it is also important to note the potential risk of misclassification, particularly within subgroups without
observation data or with smaller sample sizes—such as Indian individuals aged 75 and older and individuals of
other ethnicities aged 60-74—where wider score variability may reduce the stability and generalizability of the
reference scores derived. Generating valid and stable normative reference scores typically requires adequately
powered samples, and subgroup analyses based on insufficient data may mislead clinical interpretation. This
limitation should be carefully considered when applying the scores in clinical practice and highlights the need
for cautious interpretation in underrepresented groups. Future studies should prioritize oversampling these
subgroups to the development of more robust, age-specific reference values for these populations.

Future research should seek to validate the proposed demographic-specific screening reference scores against
clinically diagnosed cohorts of MCI and dementia. Such validation is essential for evaluating the sensitivity and
specificity of these reference scores for determining their appropriateness in identifying individuals at risk of
cognitive impairment. This step would also help refine stratified cut-offs to improve the accuracy of cognitive
screening across diverse populations. In addition, transforming raw MoCA scores into percentiles may support
a more comprehensive approach to evaluating neurocognitive performance, facilitating assessment, diagnosis,
and rehabilitation planning®'.

The primary aim of this study was to establish normative data based on the total MoCA score, which remains
the most widely validated and clinically practical index for global cognitive screening. Accordingly, our analysis
focused on total score performance. Nonetheless, we acknowledge the potential value of MoCA subdomain
scores (e.g., memory, executive function) in identifying domain-specific cognitive deficits. Future studies should
explore whether integrating subdomain profiles with total scores improves screening accuracy for specific
neurodegenerative conditions. Such efforts would enhance the MoCAs clinical interpretability and address
current limitations of brief subdomain measures.

It is also important to note that different versions of the MoCA were used in this study, including English,
Chinese, and Malay adaptations. While these versions were designed to accommodate language and cultural
differences, subtle variations in item phrasing, cultural relevance, or linguistic complexity may have influenced
participant performance. These version-specific differences may partially confound observed ethnic differences
in MoCA scores and should be considered when interpreting findings. Future studies should explore the impact
of language version on test performance more systematically.

Implications for clinical practice

This study offers demographically stratified normative MoCA scores across age, education, and ethnicity groups
in Singapore’s adult population. These reference scores have practical utility in supporting clinicians during the
early stages of cognitive screening by allowing more demographically appropriate comparisons. In particular,
demographic-specific norms may help mitigate under- or over-identification of cognitive impairment in
populations that have historically been underrepresented in normative datasets—such as ethnic minorities or
individuals with lower educational attainment.

In clinical practice, these norms can assist in contextualizing a patients MoCA score relative to peers with
similar sociodemographic characteristics. For example, if an individual scores more than one standard deviation
below their subgroup mean, this may prompt clinicians to consider further neuropsychological testing or
diagnostic referral. These findings could therefore help streamline triaging decisions, enable earlier identification
of at-risk individuals, and reduce false positives or negatives stemming from uniform cut-offs.
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However, it is important to emphasize that these reference scores are not diagnostic cut-offs. They should be
interpreted as descriptive tools to guide—but not replace—clinical decision-making. Especially in subgroups
with smaller sample sizes and greater variability (e.g., Malay participants aged >75), caution is warranted. Future
research should validate these screening reference scores in clinically diagnosed cohorts to strengthen their
application in real-world diagnostic workflows.

Moreover, given that participants completed different language versions of the MoCA (English, Chinese, and
Malay), clinicians should be mindful that linguistic and cultural modifications may influence test performance.
These factors may affect comparability across ethnic groups and should be considered when interpreting low
scores, particularly in multilingual, multicultural settings like Singapore.

Conclusions

This study establishes baseline MoCA performance patterns across demographic groups in Singapore’s multi-
ethnic population. The findings underscore the influence of age, education, and ethnicity on cognitive screening
outcomes, offering important context for clinical interpretation. The resulting stratified reference scores provide
clinicians and researchers with a practical framework for comparing individual MoCA performance against
demographically similar peers. While these demographic-specific reference scores may help identify individuals
warrant further cognitive evaluation, they should be used cautiously and in conjunction with other clinical
information, rather than as standalone diagnostic criteria.

Data availability
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ethical committee. Interested researchers may contact Dr Chun Wei Yap (Chun_Wei_Yap@nhg.com.sg) for data
requests.
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