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Abstract 

Introduction Despite cognitive impairment being a major health issue within the older population, 

limited information is available on factors associated with cognitive function among Asian ethnic 

groups. The objective of this study was to identify ethnic-specific sociodemographic risk factors which 

are associated with cognitive performance. Methods Cross-sectional analysis of the Malaysian Elders 

Longitudinal Research (MELoR) study involving community-dwelling individuals aged >55 years was 

conducted. Information on sociodemographic, medical history and lifestyle were obtained by 

computer-assisted interviews in participants’ homes. Cognitive performance was assessed with the 

Montreal Cognitive Assessment (MoCA) tool during subsequent hospital-based health checks. 

Hierarchical multiple linear regression analyses were conducted with continuous MoCA scores as the 

dependent variable. Results Data was available for 1140 participants, mean(SD)=68.48(7.23) years, 

comprising 377(33.1%) ethnic Malays, 414(36.3%) Chinese, and 349(30.6%) Indians. Mean (SD) MoCA 

scores were 20.44(4.92), 23.97(4.03) and 22.04(4.83) for Malays, Chinese and Indians, respectively 

(p=0.01). Age >75 years, <12 years of education and low functional ability were common risk factors 

for low cognitive performance across all three ethnic groups. Cognitive performance was positively 

associated with social engagement among the ethnic Chinese (β(95% CI)= 0.06(0.01,0.11)) and Indians 

(β(95% CI)= 0.16(0.09,0.23)), and with lower depression scores (β(95% CI)= -0.08(-0.15,-0.01)) among 

the ethnic Indians. Conclusion Common factors associated with cognitive performance include age, 

education and functional ability, and ethnic-specific factors were social engagement and depression. 

Interethnic comparisons of risk factors may form the basis for identification of ethnic-specific 

modifiable risk factors for cognitive decline and provision of culturally acceptable prevention 

measures. 

KEYWORDS: Cognition, Ethnic-specific, Malaysia, Sociodemographic factors
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Introduction 

Dementia is a progressive condition and represents a syndrome characterised by a gradual loss of 

function resulting from degenerative changes in the central nervous system [1]. The global prevalence 

of dementia has increased by two-folds every 20 years due to rapid population ageing, and is expected 

to affect a staggering 65.7 million persons by 2030 [2]. Individuals with cognitive decline are likely to 

have a combination of risk factors, which include age, gender, socioeconomic status, physical activity, 

educational level, depression and cardiovascular disease [3].  

Most published studies to date have evaluated cognitive impairment in Caucasian populations, 

though an increasing number of studies are now being published from East Asian populations [2,4,5]. 

While factors influencing cognitive function  related to ethnic differences have been explored in some 

Northern American studies comparing risk factors between individuals of Afro-Caribbean, Hispanic 

White and White ethnicities [6,7] few ethnic comparisons have been conducted among Asian 

populations [8], since the populations studied in East Asia have tended to be homogenous. Ethnic 

differences within populations are likely to occur as a result of genetic factors, shared cultural 

practices, or common social and environmental factors such as social engagement, building 

characteristics and household composition [6].  

Malaysia, a higher middle-income nation in South East Asia, is expected to have ~261,000 people 

with dementia by 2030 [9]. The prevalence of dementia within the population of Malaysia aged 60 

years and over has been reported as 8.5% according to the National Health and Morbidity Survey 2018, 

with a significant negative impact on society [10]. While differences in demographic, behavioural and 

other comorbidities may alter the occurrence of cognitive impairment in older people [11] the role of 

these factors in the development of cognitive impairment across ethnicities remains unclear.  

The population of Malaysia comprises three main ethnic groups: Malays (69.9%), Chinese (22.6%) 

and Indians (1.0%) [12]. Each ethnic group has retained its unique cultures leading to measurable 

discrepancies in life expectancy, which have been largely attributed to dietary, socioeconomic and 

lifestyle differences [13]. This lands itself an opportunity to examine the potential impact of 
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sociodemographic, health and lifestyle factors on cognitive performance within three major Asian 

ethnic groups.  

Methods 

Study Design and Setting 

This was a cross-sectional population-based study utilizing first-wave data from the Malaysian 

Elders Longitudinal Research (MELoR). Participants were recruited from 2013 to 2015 from three 

parliamentary constituencies within the Klang Valley of Malaysia with the objective of identifying 

issues related to population ageing. Details on recruitment and response rates have been published 

previously [14]. Individuals aged 55 years and above were selected using simple random sampling, 

stratified by age and ethnicity. The above age cut-off was selected as it was the mandatory retirement 

age in Malaysia at the time study was conceived. Individuals who were unable to communicate due to 

advanced dementia or speech impediments were excluded. Ethical approval was obtained from the 

University of Malaya Medical Centre Medical Research Ethics Committee (MEC: 943.6). 

Data Collection 

Basic demographics, medical history and cognitive assessments were obtained during home-based 

computer-assisted interviews. Computer-assisted interviews were conducted by trained interviewers 

using a standardized questionnaire in respondents' preferred language, including English, Malay, 

Mandarin, or Tamil, at participants’ own homes. Sociodemographic, medical history, psychological 

status and lifestyle information were obtained during this visit. Cognitive performance was assessed 

at a subsequent hospital-based health check. Written informed consent was obtained from all 

participants prior to enrolment.  

Psychological status including depression, anxiety and stress were assessed using the 21-item 

Depression, Anxiety and Stress Scale (DASS-21) [15]. The DASS-21 comprises seven questions for each 

of its three domains [16]. The total sum score was obtained for each of the domains of depression, 

anxiety and stress separately. Each domain score was multiplied then by two. The maximum domain 

score was therefore 42, with a higher score indicating greater severity.                                                                

The Lubben Social Network Scale (LSNS-6) was used to assess participants' social engagement with 

their families and friends [17]. Social network was assessed through six items which examined the 

number of relatives and friends with whom participants were in contact with, at ease with, and able 

to call on, on a six-point Likert’s scale [18]. The maximal total score was 30, with the lower score 

delineating the risk of social isolation. 
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The Lawton’s instrumental activities of daily living (ADL) scale was utilized to assess the ability of 

the individual to successfully perform daily tasks including using the telephone, getting around, grocery 

shopping, meal preparation, housework, laundry, taking medications, and managing money over the 

course of one or two days [18,19]. There was a total of eight items, with a lower score indicating a 

lower functional ability. 

Quality of life (QoL) was evaluated using the 12-item Control, Autonomy, Self-Realisation and 

Pleasure (CASP-12) questionnaire [20]. The CASP-12 is truncated into two domains of 

control/autonomy and self-relation/pleasure. Each of the 12 items was assessed using a four-point 

Likert’s scale. The range of scores varied from 12 to 48, with higher total scores indicating better QoL 

[18].  

The Montreal Cognitive Assessment (MoCA) test, designed as an early detection test for cognitive 

impairment [21], is influenced by language and culture [22]. Multiple language translations within the 

same version of a cognitive assessment tool reduces the need for oral translations, which can result in 

bias. At the point of study commencement, only the validated English, Malay, Chinese, and Tamil 

versions of the Singapore-MoCA test were available. As Malaysia and Singapore shared significant 

historical and cultural affinities, any potential influence of linguistic, cultural and demographic 

differences on the performance of the cognitive assessment tool is likely to be minimal. The MoCA test 

evaluated seven domains of short-term memory; visuospatial ability; executive function; attention, 

concentration and working memory; language; orientation. The maximal total score was 30, with a 

one-point adjustment for participants with less than 12 years of formal education. A higher score 

indicates better cognitive performance.  

Statistical analysis 

Statistical analyses were carried out using the Statistical Package for Social Science (SPSS) version 

22.0 (IBM, USA). Continuous data were presented as mean and standard deviation (SD), and 

categorical data as frequencies and percentages (%). The chi-squared test and ANOVA were used to 

perform descriptive analyses between ethnic groups for categorical and continuous data respectively 

(Malay, Chinese and Indian). Univariate linear regression analyses were conducted to establish 

associations between potential factors with cognitive performance. Only significant factors with a p-

value of less than 0.05 were included in the subsequent hierarchical stepwise multiple linear regression 

analysis. Separate multivariate analyses were conducted for each ethnic group. Collinearity diagnostics 

revealed that psychosocial factor including depression, anxiety, and stress were moderately correlated 

with variance inflation factors (VIF) of 2.23, 1.51, and 2.10 respectively. This study, therefore, selected  
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only one psychosocial factor (depression) for adjustment as it has a higher population attributable 

fraction of modifiable risk factors for dementia [23]. 

Results 

Basic Characteristics and Cognitive Performance by Ethnicity 

This study included 1140 community dwellers with mean age (SD) of 68.48 (7.23) years, comprising 

377 (33.1%) Malays, 414 (36.3%) Chinese and 349 (30.6%) Indians (shown in Table 1). Age, education, 

alcohol consumption, presence of hypertension, depression, anxiety and stress, social engagement, 

functional status and quality of life differed significantly between the three ethnic groups.  

Univariate analyses  

The mean (SD) total MoCA scores for the ethnic Chinese, Indians and Malays were 23.97(4.03), 

22.04(4.83) and 20.44(4.92), respectively. Table 2 demonstrates the mean difference (MD) and 95% 

confidence intervals (CI) for factors which were associated with differences in MoCA scores within the 

three ethnic groups.  

Malay ethnicity 

Compared to individuals aged 55-64 years, those aged 75 years and above had significantly lower 

MoCA scores (MD=-1.92; 95%CI=-3.35 to -0.49) but no significant difference in MoCA was observed 

among individuals aged 65-74 years (MD=-0.38; 95%CI=-1.43 to 0.66). Individuals with more than 12 

years of education, alcohol consumption, social engagement and higher functional ability had 

significantly higher mean MoCA scores (MD=4.88; 95%CI=3.85 to 5.92), (MD=2.35; 95%CI=0.73 to 

3.97), (MD=0.11; 95%CI=0.03 to 0.18) and (MD=1.35; 95%CI=0.70 to 1.99) respectively.  Higher levels 

of depression (MD=-0.14; 95%CI=-0.27 to -0.01) and anxiety (MD=-0.22; 95%CI=-0.33 to -0.10) were 

significantly associated with lower mean MoCA scores. 

Chinese ethnicity 

Compared to individuals aged 55-64 years, those aged 75 years and above had significantly lower 

MoCA scores (MD=-3.88; 95% CI=-4.85 to -2.91) but no significant difference in MoCA were observed 

among individuals aged 65-74 years (MD=-0.65; 95%CI=-1.48 to 0.18). Individuals with more than 12 

years of education, social engagement, better functional ability and quality of life had significantly 

higher mean MoCA scores (MD=2.25; 95%CI=1.49 to 3.00), (MD=0.15; 95%CI=0.09 to 0.21), (MD=2.78; 

95%CI=2.12 to 3.43) and (MD=0.13; 95%CI=0.06 to 0.20) respectively. Presence of heart failure (MD=-

1.28; 95%CI=-2.09 to -0.47) or hypertension (MD=-1.18; 95%CI=-1.93 to -0.44) as well as higher levels 
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of depression (MD=-0.15; 95%CI=-0.25 to -0.04) were significantly associated with lower mean MoCA 

scores. 

Indian ethnicity 

Compared to individuals aged 55-64 years, those aged 75 years and above had significantly lower 

MoCA scores (MD=-2.32; 95% CI=-3.64 to -1.01) but no significant difference in MoCA were observed 

among individuals aged 65 to 74 years (MD=-0.86; 95%CI=-2.00 to 0.29). Individuals with more than 

12 years of education, alcohol consumption, social engagement, better functional ability and quality 

of life had significantly higher mean MoCA scores (MD=3.32; 95%CI=2.37 to 4.27), (MD=1.44; 

95%CI=0.46 to 2.43), (MD=0.22; 95%CI=0.15 to 0.30), (MD=1.50; 95%CI=0.98 to 2.02) and (MD=0.14; 

95%CI=0.05 to 0.23) respectively. Higher levels of depression (MD=-0.12; 95%CI=-0.19 to -0.05) were 

significantly associated with lower mean MoCA scores. 

Multivariate Analyses  

Overall Population 

Overall, the multivariate adjusted model as shown in Table 3 identified that older age and higher 

depression scores were associated with lower mean MoCA scores while more than 12 years of 

education and social engagement were associated with increased mean MoCA scores. Using the ethnic 

Chinese as the reference category, the ethnic Malays (MD=-2.88; 95% CI=-3.47 to -2.28) and ethnic 

Indians (MD=-1.46; 95% CI=-2.03 to -0.88) had significantly poorer MoCA scores (Table 3). Compared 

to individuals aged 55-64 years, being 65 years and above was associated with lower MoCA scores 

(MD=-0.71; 95% CI=-1.24 to -0.18). Individuals with more than 12 years of education, social 

engagement and functional ability, had significantly higher mean MoCA scores (MD= 3.47; 95%CI=2.95 

to 3.99), (MD=0.08; 95%CI=0.04 to 0.12) and (MD=0.99; 95%CI=0.66 to 1.33), respectively. Higher 

levels of depression were significantly associated with lower mean MoCA scores (MD=-0.06; 95%CI=-

0.11 to -0.01). 

Malay ethnicity  

In the multivariate adjusted model, being 65 years and older was associated with a poor MoCA 

score compared to being 55-64 years of age (MD=-1.03; 95%CI=-1.97 to -0.09). Individuals with more 

than 12 years of education and higher functional ability were significantly associated with higher MoCA 

scores (MD=5.38; 95%CI= 4.30 to 6.45; MD=0.84; 95%CI= 0.24 to 1.45 respectively). Depression score 
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(MD=-0.05; 95%CI= -0. 17 to 0.08) and social engagement score (MD= 0.03; 95%CI=-0.04 to 0.10) were 

no longer associated with differences in MoCA scores.  

Chinese ethnicity 

Among the Chinese population, individuals aged 75 years and over were significantly more likely to 

have poorer MoCA scores than those aged 55-64 years (MD=-2.69; 95%CI=-3.65 to -1.72) in the 

multivariate adjusted model.  More than 12 years of education, better social engagement and 

functional ability were associated with higher MoCA scores (MD=2.36; 95%CI=1.65 to 3.08), (MD= 0.06; 

95%CI=0.01 to 0.11) and (MD= 1.86; 95%CI=1.20 to 2.53) respectively. Presence of heart failure and 

hypertension, depression score as well as quality of life were no longer associated with differences in 

MoCA scores (MD=-0.44; 95%CI=-1.37 to 0.48), (MD=-0.08; 95%CI=-0.79 to 0.94), (MD=-0.01; 95%CI=-

0.11 to 0.09) and (MD=0.02; 95%CI=-0.05 to 0.09) respectively.  

Indian ethnicity 

Individuals aged 75 years and over were significantly more likely to have poorer MoCA scores than 

those aged 55-64 years (MD=-2.86; 95%CI=-4.05 to -1.66) in the multivariate adjusted model. 

Meanwhile, more than 12 years of education, better social engagement and functional ability were 

associated with higher MoCA scores (MD=3.33; 95%CI=2.40 to 4.26), (MD=0.16; 95%CI=0.09 to 0.23)  

and (MD= 0.67; 95%CI=0.16 to 1.18) respectively. Increased depression score was associated with 

decreased MoCA scores (MD=-0.08; 95%CI=-0.15 to -0.01). Alcohol consumption and quality of life 

were no longer associated with differences in MoCA scores (MD=0.85; 95%CI=-0.02 to 1.73) and (MD=-

0.02; 95%CI=-0.12 to 0.08) respectively. 

Discussion 

Within this population-based study, Malay and Indian ethnic groups had lower total MoCA scores 

compared to the participants from the Chinese ethnicity. However, the ethnic differences observed 

may not necessarily reflect differences in cognitive performance as interethnic score differences may 

be influenced by inherent cultural biases in the tool. Risk factors for lower cognitive performance 

among community dwellers differed between ethnic groups. Comparisons within ethnic groups 

revealed that age, educational level and functional ability were common factors influencing cognitive 

performance. Additionally, higher levels of social engagement were associated with improved 

cognitive performance in both of the ethnic Indians and Chinese. For the overall population older age, 

higher depression scores and Malay ethnicity compared to Chinese ethnicity were associated with 

poorer cognitive performance while higher educational levels, better social engagement and 

functional ability were associated with improved cognitive performance.  
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The presence of the APOE-Ɛ4 allele has been linked to the progression from mild cognitive 

impairment to Alzheimer’s Disease (AD) due to its proclivity to accumulate  beta-amyloid [24]. It is also 

associated with a slightly increased risk of sporadic AD. Published studies have reported that the 

frequency of this allele varies among ethnic groups [25]. A genetic mapping study among Malaysians 

revealed lower APOE- Ɛ4 frequency among the ethnic Chinese population [26] which could explain why 

they obtained higher cognitive scores compared to the ethnic Malays and Indians in this study. A 

previous Malaysian study had also suggested that ethnic Malays were twice as likely as Chinese to 

develop dementia [27]. Genetic interactions with sociocultural factors including education, diet, 

mentally challenging occupation in midlife, leisure activities in late life, and social networks in late life 

may also account for the differences in cognitive performance [9]. 

Increasing age is a major risk factor for neurocognitive disorder which was also demonstrated 

within our population. The decline in cognitive performance with age was apparent in the 65-74 years 

age group among the ethnic Malays, while within the Chinese and Indian ethnic groups this difference 

was only apparent at the age of 75 years and over. This apparent reduction in cognitive performance 

at a lower age in the ethnic Malays compared to the other two major ethnic groups in Malaysia may 

be influenced by the relatively higher number of individuals with 12 or fewer years of education in the 

Malay ethnic group. A similar pathological process could have occurred in all three ethnic groups, but 

lack of mentally challenging tasks at midlife, which is associated with lower levels of education, will 

lead to earlier presentation with cognitive decline. An autopsy study reported the presence of amyloid 

plaques, neurofibrillary tangles, synaptic dystrophy, loss of neurons and brain volume, even in those 

with high cognitive performance [28]. Degenerative brain changes are often asymptomatic and 

correlate poorly with cognitive decline, and this has been attributed to neuroplasticity, whereby 

individuals who continually indulge in mentally stimulating tasks throughout life, demonstrate greater 

cognitive reserve, and hence reducing symptom severity in association with a similar level of 

pathological insult [29]. 

Education has been established as a protective factor of cognitive impairment through the 

enhancement of neural function in brain degeneration [30] which is consistent with the cognitive 

reserve hypothesis [31]. While the influence of education was apparent in all three ethnic groups, the 

strength of the association was greater among the ethnic Malays within individuals with at least 12 

years of education experiencing four times increased odds of improved cognitive performance 

compared to the ethnic Indians and Chinese which only enjoyed a doubling in odds of improved 

cognitive performance.  Furthermore, only 23% of the ethnic Malays had at least 12 years of education 
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compared to 35-36% in the other two ethnic groups. Education is influenced by socioeconomic status 

which may also influence other lifestyle factors including diet and healthcare accessibility [32].  

Non-communicable diseases (NCD) such as hypertension, diabetes, and atherosclerosis, have been 

identified as potential modifiable risk factors for dementia [33]. Despite the fact that diabetes was 

found to be more prevalent in individuals with cognitive impairment within the same cohort measured 

by the MoCA-Blind version, it had no effect on the relationship between visual impairment and 

cognitive function [34]. This study also found that diabetes was not a risk factor for lower cognitive 

performance within MELoR population, this time using the full version of  the MoCA test. While 

previous studies have found an association between the presence of hypertension and poorer 

cognitive performance, within this study, hypertension and heart failure were significantly associated 

with poorer cognitive performance only among the ethnic Chinese, with the differences confounded 

by age, education and social engagement [35]. The presence of NCD in the other ethnic groups did not 

influence cognitive performance. It is possible that these conditions are underdiagnosed within these 

ethnic groups. Previous studies have suggested poorer healthcare utilization among older adults with 

high levels of undetected chronic diseases such as hypertension, diabetes, hypercholesterolaemia and 

heart disease [36]. 

Psychological factors are known to influence cognitive function [4]. Zaremba et.al found slower 

processing speed and poorer short-term verbal and visuo-spatial memory performance in individuals 

with depression [37]. Increased depression, anxiety, or stress may also lead to increased social isolation 

and unsatisfactory relationships with family and friends [38]. Neuroticism especially when combined 

with social isolation, increases the risk of dementia. The relationship between depression and low 

social engagement with cognitive function among the ethnic Indians observed in this study was 

consistent with the above as well as the findings from the National Mental Health Survey of the Elderly, 

Singapore [39]. Better functional ability, was also found to be a neuroprotective factor of poor 

cognitive performance in the overall population, which is consistent with the previous findings in 

Malaysian community dwelling older adults using the MoCA-BM [40] and Singaporeans using the Mini 

Mental State Examination [39].  

This study was limited to an urban setting, and hence may not be representative of Malaysia's rural 

or semi-urban areas. The MoCA test was used in this study was an assessment tool.  Future studies 

should consider an extended evaluation for the diagnosis of cognitive impairment taking into account 

the DSM-V definitions for major and minor neurocognitive disorders. Its cross-sectional design also 

precludes the assignment of causality in cognitive impairment. While ethnicity is not considered a 
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modifiable risk factor, observation of ethnic differences in risk factors and risk of cognitive impairment 

may inform future studies on lifestyle modification for prevention of cognitive impairment and 

dementia. Education is a highly modifiable risk factor which has received limited attention, and life-

long learning strategies such as distance learning and micro credentialing which removes the barriers 

towards adult education should be explored as potential preventive public health approaches.  

Conclusion 

Older age,12 years of education or less and low functional ability represent common risk factors for 

low cognition assessed using MoCA scores across all three ethnic groups, while higher levels of social 

engagement was associated with higher cognitive performance among the ethnic Chinese and Indians, 

and higher depression level was only associated with lower cognitive performance among the ethnic 

Indians. We, therefore, propose that future population-based strategies to reduce the burden of 

dementia should consider life-long learning interventions. Community based interventions to reduce 

the burden of cognitive impairment in the general older population should take into account 

differential risk factors between the major ethnic groups with consideration for interventions that are 

specifically tailored to each ethnicity.  
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Table 1. Basic Sociodemographic and MoCA Score by Ethnicity 

 Malay 
(n= 377) 

Chinese 
(n= 414) 

Indian 
(n= 349) 

P values 

SOCIODEMOGRAPHIC    

Age     <0.001* 

55-64 years 147 (39.0%)  114 (27.5%) 99 (28.4%)  

65-74 years 171 (45.4%) 200 (48.3%) 160 (45.8%)  

>75 years 59 (15.6%) 100 (24.2%) 88 (25.8%)  

Sex (ref: Male)    0.149 

Female 211 (56.0%) 254 (61.4%) 186 (53.3%) 

Formal Education    <0.001* 

< 12 years education 290 (76.9%) 265 (64.0%) 220 (63.0%) 

> 12 years education 87 (23.1%) 149 (36.0%) 127 (37.0%) 

HEALTH     

History of Smoking 82 (21.8%) 71 (17.1%) 66 (18.9%) 0.271 

Alcohol Consumption 36 (9.5%) 150 (36.2%) 141 (40.4%) <0.001* 

History of Comorbidities (ref: No)   

cardiac arrythmia 14 (3.7%) 15 (3.62%) 16 (4.6%) 0.763 

heart failure 270 (71.6%) 287 (69.3%) 267 (76.5%) 0.212 

hypertension 218 (57.8%) 221 (53.4%) 185 (53.0%) 0.028* 

hypercholesterolemia 201 (53.3%) 200 (48.3%) 196 (56.2%) 0.681 

diabetes 17 (4.5%) 13 (3.1%) 8 (2.3%) 0.242 

Total depression Scores  2.27 (3.48) 2.13(3.48) 4.38 (6.52)  <0.001* 

Total anxiety scores 3.82 (4.04) 3.10 (3.41) 4.56 (5.06) <0.001* 

Total stress scores 3.64 (4.60) 3.70 (4.64) 6.06 (7.43) <0.001* 

LIFESTYLE     

Social Engagement 17.02 (6.34) 15.99 (6.29) 15.97 (6.39) 0.034** 

Activities of Daily Living 6.53 (0.72) 6.82 (0.53) 6.46 (0.90) <0.001* 

Quality of Life 29.71 (4.50) 27.56 (5.09) 27.15 (5.11) <0.001* 

MOCA SCORE 20.44 (4.92) 23.97 (4.03) 22.04 (4.83) <0.001* 

* p-value= <0.001; ** p-value = <0.005 
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Table 2: Univariate Analysis for Factors Associated with Cognitive Performance MoCA scores by 
Ethnicity 
 

VARIABLES All MALAY CHINESE INDIAN 

B 95% CI B 95% CI B 95% CI B 95% CI 

SOCIODEMOGRAPHIC 
Age  (reference: 55-64 years) 

    

65-74 years -0.33  -0.94, 
0.28 

-0.38 -1.43 , 
0.66 

-0.65 -1.48, 
0.18 

-0.86 -2.00, 
0.29 

>75 years * -2.33 -3.07, 
-1.60 

-1.92 -3.35, -
0.49 

-3.88 -4.85,  
- 2.91 

-2.32 -3.64, -
1.01 

Sex  
(reference: Male) 
Female  

-0.05 -0.60, 
0.49 

-0.27 -1.24, 
0.70 

-0.31 -0.46, 
1.09 

0.31 -0.46, 
1.09 

Formal Education  
(reference group: < 12 years education) 

     

> 12 years education* 3.60 3.06, 
4.14 

4.88 3.85, 
5.92 

2.25 1.49, 
3.00 

3.32 2.37, 
4.27 

HEALTH  
(reference: no and never) 

     

History of Smoking 0.33 -0.36, 
1.01 

0.81 -0.36, 
1.97 

-0.25 -1.25, 
0.75 

0.95 -0.28, 
2.19 

Alcohol Consumption 1.82 1.23, 
2.40 

2.35 0.73, 
3.97 

0.63 -0.16, 
1.41 

1.44 0.46, 
2.43 

History of Comorbidities       

Cardiac arrhythmia 0.73 -0.65, 
2.12 

1.41 -1.13, 
3.96 

0.28 -1.74, 
2.29 

0.65 -1.68, 
2.98 

Heart failure -0.72 -1.32, 
-0.12 

-0.46 -1.53, 
0.60 

-1.28 -2.09, 
- 0.47 

0.01 -1.12, 
1.13 

Hypertension -1.00 -1.54,  
-0.46 

-0.86 -1.83, 
0.12 

-1.18 -1.93, 
-0.44 

-0.22 -1.20, 
0.76 

Hypercholesterolemia -0.12 -0.66, 
0.42 

0.22 -0.74, 
1.18 

-0.55 -1.31, 
0.20 

-0.04 -0.95, 
1.02 

Diabetes -1.28 -2.78, 
0.22 

-0.96 -3.23, 
1.36 

-1.50 -3.65, 
0.66 

-0.58 -3.84, 
2.68 

Depression Scores* -0.13 -0.19, 
-0.08 

-0.14 -0.27, -
0.01 

-0.15 -0.25, 
-0.04 

-0.12 -0.19, 
-0.05 

Anxiety Scores* -0.14 -0.20, 
-0.07 

-0.22 -0.33, -
0.10 

-0.02 -0.13, 
0.09 

-0.09 -0.18, 
0.01 
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VARIABLES All MALAY CHINESE INDIAN 

B 95% CI B 95% CI B 95% CI B 95% CI 

 Stress Scores* -0.01 -0.06, 
0.03 

-0.01 -0.12, 
0.10 

0.01 -0.07, 
0.09 

-0.02 -0.09, 
0.04 

LIFE STYLE         

Social Engagement* 0.14 0.10, 
0.18 

0.11 0.03, 
0.18 

0.15 0.09, 
0.21 

0.22 0.15, 
0.30 

Activities of Daily 
Living* 

1.93 1.58, 
2.28 

1.35 0.70, 
1.99 

2.78 2.12, 
3.43 

1.50 0.98, 
2.02 

Quality of Life* 0.05 -0.01 
0.11, 

0.03 -0.08, 
0.14 

0.13 0.06, 
0.20 

0.14 0.05, 
0.23 

Dependent variable is MoCA score. Significant factors in bold. B represents mean difference for 
categorical variables age groups, gender. *Correlation coefficient* 
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Table 3: Multivariate Models for Cognitive Score According to Ethnicity 

 All 
β† (95% CI) 

Malay 
β† (95% CI) 

Chinese 
β† (95% CI) 

Indian 
β† (95% CI) 

Ethnicity 
 (reference: Chinese) 

  

Malay -2.88 
(-3.47, -2.28)**- 

 - - - 

Indian -1.46  
(-2.03,-0.88)** 

 - - - 

Age 
(reference: 55-64 years) 

   

65-74 years -0.71  
(-1.24,-0.18)**  

-1.03 
 (-1.97,-0.09)* 

-0.57 
(-1.34,0.22) 

-0.94 
 (-1.94,0.07) 

>75 years  -2.40 
 (-3.05,-1.74)** 

-1.91 
(-3.21, -0.61)** 

-2.69  
(-3.65,-1.72)** 

-2.86  
(-4.05,-1.66)* 

Formal Education 
(reference: < 12 years education) 

   

> 12 years 
education 

 3.47 
 (2.95, 3.99)** 

5.38 
(4.30,6.45)** 

2.36 
(1.65,3.08)** 

3.33 
(2.404.26)** 

Alcohol  0.60  
(-0.024,1.13) 

1.08  
(-0.41,2.56) 

- 0.85  
(-0.02,1.73) 

Heart Failure  0.15 
(-0.52,0.83) 

- -0.44 
(-1.37,0.48) 

- 

Hypertension  -0.30 
(-0.91,0.32) 

- -0.08  
(-0.79,0.94) 

- 

Depression‡  -0.06 
(-0.11,-0.01)* 

-0.05  
(-0.17,0.08) 

-0.01  
(-0.11,0.09) 

-0.08  
(-0.15,-0.01)* 

Social 
Engagement‡ 

 0.08  
(0.04,0.12)** 

0.03 
 (-0.04,0.10) 

0.06  
(0.01,0.11)* 

0.16 
(0.09,0.23)** 

Activities of Daily 
Living‡ 

0.99 
(0.66, 1.33)** 

0.84 
(0.24, 1.45)** 

1.86  
(1.20, 2.53)** 

0.67 
(0.16,1.18)* 

Quality of Life -0.01  
(-0.06,0.01) 

- 0.02 
(-0.05, 0.09) 

-0.02 
(-0.12,0.08) 

R2  0.32 0.28 0.32 0.30 

 
** P<0.001, * P <0.05, †adjusted mean difference unless otherwise indicated. ‡adjusted. 

Correlation. 
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