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Physical activity (PA) is regarded as a non-pharmacological preventive strategy against cognitive 
decline. This study aimed to examine the relationship between PA and cognitive function in cognitively 
normal older Malaysian adults from a multi-ethnic, urban-dwelling community. Participants completed 
a questionnaire with questions on demographic details, socioeconomic status, health conditions, 
and short form of the International Physical Activity Questionnaire (IPAQ). Bivariate analyses and 
hierarchical linear regression were conducted to examine the relationship between IPAQ and Montreal 
Cognitive Assessment (MoCA) scores. Among the 382 participants (median age = 66 years), 51.6% were 
female. Median MoCA score was 24; and IPAQ levels were 28%, 39% and 33% ‘Low’, ‘Moderate’ and 
‘High’ respectively. Bivariate analysis showed MoCA scores significantly differed across IPAQ levels 
(p-value < 0.001). Pairwise comparisons showed significant differences between MoCA scores and 
‘High’ and ‘Low’ (p-value < 0.001) and ‘Moderate’ and ‘Low’ (p-value = 0.001) IPAQ levels. Hierarchical 
regression of potential confounding factors showed that while lower PA, being older, being Malay 
and hypertension were initially associated with lower MoCA scores, the association was explained 
by the greater influence of education and savings. Additional research is required to gain a more 
comprehensive understanding of these relationships.
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Background
There has been a steady improvement in average life expectancy globally. According to an analysis of trends 
in life expectancy for 201 countries with a study period from 1950 to 2015, there has been a steady rise in the 
average life expectancy at birth across every studied country, with the best performing ones in the Western 
Europe, Northern Europe and North America1. The proportion of older persons, with chronological age ≥ 60 
defined by the United Nations, is also increasing in the recent decades. In China, the proportion of older adults 
(65 years old and above) was observed to continuously rise from 6.96% in 2000 to 8.87% in 2010, and 13.50% 
in 20202. As the population ages, the number of individuals living with some form of cognitive impairment also 
increases. According to a systematic review conducted by Pais et al., incidence of cognitive impairment ranged 
from 22 to 76.8 per 1000 person-years, with a median of 53.97 per 1000 person-years3.

Ageing is an unavoidable stage of humans’ development, and it is shown to be linked with potential changes in 
one’s physical and cognitive functioning4–6. Based on previous research, memory, executive functions, attention, 
and processing speed are the most vulnerable cognitive functions to the ageing process7–10.Older adults who 
experience a decline in their physical and/or cognitive functions would become dependent on others which in 
turns impact their well-being11,12. Preservation of physical and cognitive functions are key factors for ensuring a 
good quality of life. Both physical and cognitive functions have been shown to be significant predictors of quality 
of life in older adults experiencing cognitive impairment13. Ageing is a risk factor for neurodegenerative disorders 
such as Alzheimer’s diseases (AD), Parkinson’s disease (PD) and amyotrophic lateral sclerosis (ALS)14,15. Tools 
such as Montreal Cognitive Assessment (MoCA) that examine global cognitive functioning are sensitive to the 
early signs of cognitive ageing and would be appropriate to screen for early and the Mild Cognitive Impairment 
(MCI)16.

However, not all older adults would experience the age-relate declines the same way. Previously it was 
demonstrated that while some older adults demonstrate a severe decline in their physical and cognitive functions, 
others would still be able to maintain their functions in various domains. The mentioned study suggested that 
factors such as having an active and healthy lifestyle along with being in a cognitively stimulating environment 
would protect older adults from the adverse effects of ageing and improve their overall well-being17. A growing 
body of literature indicated the effect of physical activity on older adults’ physical and cognitive well-being4,18–20.

Many mechanisms explain how physical activity benefits the older adults in maintaining their cognitive 
health. One is that with the increase of age, our brain is greatly impacted, both structurally and functionally. 
The deterioration of white matter integrity with age can cause slower information processing and reduced brain 
connectivity21 and thus elevates the risk of neurological disorders. A recent meta-analysis has shown that physical 
exercise can improve white matter integrity and cognitive function in older adults22. Aerobic exercise training 
has been demonstrated to enhance regional cerebral blood flow, according to a randomized, controlled cross-
over trial conducted in sedentary older men. These observed changes in cerebral blood flow may explain the 
exercise-induced positive effects on cognitive performance, which could be partly mediated by improvements 
in glucose metabolism23.

Although many studies examined the association between physical activity and cognitive functions on older 
adults, the majority of studies were conducted outside of Asia, hence their results might not be applicable to the 
Asian countries due to the different socioeconomic status and education in such countries24–26.

To address this, our main objective was to explore the association between physical activity and cognitive 
function in a large and socioeconomically diverse sample of Malaysian older adults. Malaysia is a multicultural 
country in South East Asia with residents from different ethnic groups including Malays, Chinese, and Indians. 
This diversity allowed a more in-depth examination of the mentioned factors. Therefore, our research question 
was whether there is any association between physical activity and cognitive function in Malaysian older 
adults. We hypothesised that participants who are more physically active have better cognition, i.e., a better 
MoCA score (measure of cognitive functions). Moreover, we hypothesised that participants with higher level 
of education would have a higher MoCA score. Besides PA, the effects of age, gender, ethnicity, hypertension as 
well as socioeconomic variables (education levels and savings) which could influence MoCA scores would also 
be investigated.

Results
Sample characteristics
The demographic characteristics of participants (n = 382) who had completed the baseline questionnaire are 
presented in Table 1. There were 51.6% women with a median age of 66 years (IQR 63–70). Most participants are 
in the 60–69 years range (70.7%) followed by 70–79 years (27.7%) and 80–85 years (1.6%). Overall, there were 
36.7% Malay, 40.8%, Chinese and 20.7% Indian participants, which are the three main ethnicities in Malaysia, 
and others (1.8%). 27% of participants reported themselves as having hypertension. As for the participants’ 
highest level of personal education, the majority had secondary and above education, with 33.5% participants 
having received up to secondary school education, 20.2% up to a pre-university or a diploma, and 34.5% of 
them had a Bachelor’s degree and above, while only 11.8% received up to primary school education. 33% of 
the participants had savings up to RM10,000 (US $2,250) and 12.8% had a savings between RM500,000 to a 
RM1,000,000 (US $112,500- $225,000). In terms of the physical activity, 28% were classified as ‘Low’, 39% as 
‘Moderate’, and 33% as ‘High’ IPAQ levels.

Bivariate analysis showed that MoCA scores significantly differed across six variables, i.e., age group, ethnicity, 
highest education level, savings, hypertension status and IPAQ levels (Table 1) but no difference between gender. 
The p-values for these analyses are all less than 0.05, indicating that the observed differences are statistically 
significant.
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Physical activity and other factors affecting cognitive function of older adults
The trend of higher MoCA scores with higher levels of IPAQ was evident, as shown in Fig. 1. A Kruskal-Wallis 
test revealed significant differences in MoCA scores across the levels of IPAQ (χ2 = 20.325, df = 2, p-value < 0.001). 
Pairwise Wilcoxon rank sum tests with continuity correction indicated significant differences in MoCA scores 
between ‘High’ and ‘Low’ IPAQ levels (W = 8955, p-value < 0.001), and between ‘Moderate’ and ‘Low’ IPAQ levels 
(W = 9910, p-value = 0.001).

The full regression model (Table  2) was statistically significant (F = 12.78, p-value < 0.001) and explained 
approximately 38% of the variability in MoCA scores (Adjusted R2 = 0.38). Diagnostic tests indicated no evidence 
of heteroscedasticity (χ2 = 15.856, p-value = 0.322), autocorrelation (DW = 2.130, p-value = 0.814), or model 
misspecification (F = 2.019, p-value = 0.135).

In the first block, there were significant relationships between MoCA scores, age, and ethnicity. MoCA scores 
decreased by approximately 0.1618 units for each one-year increase in age, assuming all other variables in the 

Demographics

Association with MoCA
Mann–Whitney U/ Kruskal-Wallis
p-value

Age in years

 Min–Max 60–85

 Median (IQR) 66 (63–70)

Age group years, (n, %) 0.002

 60–69 270 (70.7)

 70–79 106 (27.7)

 80–85 6 (1.6)

Gender, n (%) 0.149

 Male 185 (48.4)

 Female 197 (51.6)

Ethnicity, n (%) 0.013

 Malay 140 (36.7)

 Chinese 156 (40.8)

 Indian 79 (20.7)

 Others 7 (1.8)

Highest education level, n (%) < 0.001

 Primary 45 (11.8)

 Secondary 128 (33.5)

 Pre-university/Diploma 77 (20.2)

 Degree 75 (19.6)

 Postgrad (Master’s and PhD) 57 (14.9)

Savings, n (%) < 0.001

 RM1 to 10,000 126 (33.0)

 RM10,001 to 100,000 70 (18.3)

 RM100,001 to 500,000 70 (18.3)

 RM500,001 to > 1,000,000 49 (12.8)

 Not reported 67 (17.5)

Hypertension status, n (%) < 0.001

 Yes 103 (27.0)

 No 204 (53.4)

 Not reported 75 (19.6)

IPAQ levels, n (%); Median MET < 0.001

 Low 107 (28); 306

 Moderate 149 (39); 1,386

 High 126 (33); 4,240

IPAQ.MET

 Min-Max 0-17172

 Median (IQR) 1,506 (634.9–3160.9)

MoCA score

 Min–Max 13–30

 Median (IQR) 24 (21–26)

Table 1.  Details of study participants and association with MoCA. Malaysian Ringgit (RM) in US Dollars (US 
$). RM10,000 (US $2,250), RM100,000 (US $22,500), RM500,000 (US $112,500), RM1,000,000 (US $225,000)
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model are held constant. Regarding ethnicity, the mean MoCA scores among Chinese and Indian ethnic groups 
were significantly higher than those for Malays. Chinese and Indian individuals had, on average, 1.5039 and 
1.5626 points higher MoCA scores, respectively, compared to Malays, holding other factors constant.

IPAQ.MET was positively associated with MoCA scores when included in the second block. Although 
statistically significant, the small coefficient (B = 0.0002) suggests that its influence on MoCA scores was minimal. 
Age and ethnicity remained significant predictors of MoCA scores.

In the third block, hypertension was negatively associated with MoCA scores. Individuals with hypertension 
had, on average, 1.674 points lower MoCA scores compared to those without hypertension, holding other factors 
constant. Among the other significant predictors, age remained negatively associated with MoCA scores (B = 
-0.1544), indicating that for each additional year of age, MoCA scores decreased by 0.1544 points. Ethnicity 
also showed a significant association with MoCA scores. Compared to the reference group (Malay), Chinese 
individuals had MoCA scores that were, on average, 1.3571 points higher, while Indian individuals scored 1.6047 
points higher. IPAQ.MET retained a small yet significant positive association with MoCA scores (B = 0.0002).

In the final block, age, ethnicity, IPAQ.MET and hypertension were no longer significant after socioeconomic 
variables, i.e. highest educational level and savings were included. Both variables were significantly associated 
with MoCA. Specifically, individuals with only primary or secondary education had significantly lower mean 
MoCA scores compared to those with a bachelor’s degree. Additionally, higher savings were linked to higher 
MoCA scores.

Discussion
We explored the potential association between physical activity (assessed by IPAQ MET scores and categories) 
and cognitive function (MoCA scores) in older adults, based on the data of the baseline questionnaire 
obtained from older adults residing in the Klang Valley area of Malaysia (MyAgeWell cohort) participating in a 
longitudinal, intervention study. Pairwise comparisons suggest an overall positive association existed between 
median MoCA score and PA level, with a significant higher in median MoCA score in participants with ‘High’ 
level of PA as compared to ‘Low’. Prior to the inclusion of socioeconomic variables into the model, hierarchical 
regression showed that low level of physical activity, being older in age, being ethnic Malay and hypertension 
were all significantly and negatively associated with MoCA scores. However, with the inclusion of socioeconomic 
variables, full regression model showed that the effects of having a lower educational level (below a Bachelor’s 
degree level, especially having only primary school education) and lower amount of savings, were the greatest 
factors that influenced the effects of PA on cognition in these in cognitively normal, urban-dwelling older adults.

The World Health Organization’s guidelines on physical activity and sedentary behaviour, include strong 
recommendations for individuals aged 65 and above to engage in regular physical activity. On a weekly basis, 
older adults should engage in a minimum of 150 to 300 minutes of moderate-intensity aerobic physical activity; or 
a minimum of 75–150 min of vigorous-intensity aerobic physical activity; or a comparable mix of moderate- and 
vigorous intensity activity27. Using the Global Physical Activity Questionnaire, it has been reported that 29.8% of 
Malaysian older adults were considered physically inactive28. In our study, we had similar findings where 28% of 
participants also showed ‘Low’ PA and therefore should be encouraged to engage in higher amount and intensity 
of physical activity. In a meta-analysis which explored the association between physical activity and cognitive 
ability using scores of seven cognitive ability assessment scales (including MoCA), it has been demonstrated that 
exercise was an effective means in delaying the cognitive decline of the older adults (aged 50 and above). This 
meta-analysis also suggested older adults to perform a minimum of moderate-intensity aerobic exercise and 
resistance exercise as many days as they are able in the week to improve cognitive function29. Our data showed 

Fig. 1.  Median MoCA scores across IPAQ levels (χ2 = 20.325, df = 2, p-value = < 0.001). Pairwise p-values 
between IPAQ levels are shown in the plot.
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that there were significant differences between participants who did ‘High’ and ‘Low’ (p-value < 0.001) as well 
as between participants who did ‘Moderate’ and ‘Low’ (p-value = 0.001) IPAQ levels but not between moderate 
and high, suggesting and confirming the meta-analysis that moderate PA is sufficient to preserve cognition. 
Thus, older adults should be encouraged to engage in at least moderate intensity PA to improve their cognitive 
function.

B S.E. t-value p-value

Block 1 (Demographic)

Age -0.1618 0.0370 -4.373 < 0.001

Male -0.4754 0.3699 -1.285 0.199

Ethnic (ref: Malay)

Chinese 1.5039 0.4269 3.523 < 0.001

Indian 1.5626 0.5140 3.040 0.003

Others 1.7543 1.4052 1.248 0.213

Constant 33.2751 2.4405 13.634 < 0.001

Block 2 (Physical Activity)

Age -0.1556 0.0367 -4.233 < 0.001

Male -0.4865 0.3666 -1.327 0.185

Ethnic (ref: Malay)

Chinese 1.3749 0.4255 3.231 0.001

Indian 1.4147 0.5121 2.762 0.006

Others 1.5356 1.3948 1.101 0.272

IPAQ.MET 0.0002 0.0001 2.799 0.005

Constant 32.4797 2.4353 13.337 < 0.001

Block 3 (Health-related)

Age -0.1544 0.0401 -3.850 < 0.001

Male -0.3205 0.4047 -0.792 0.429

Ethnic (ref: Malay)

Chinese 1.3571 0.4730 2.869 0.004

Indian 1.6047 0.5625 2.853 0.005

Others 1.3619 1.6433 0.829 0.408

IPAQ.MET 0.0002 0.0001 2.038 0.042

Hypertension -1.6740 0.4296 -3.897 < 0.001

Constant 33.0006 2.6675 12.371 < 0.001

Block 4 (Socioeconomic)

Age -0.0623 0.0366 -1.705 0.089

Male -0.4021 0.3647 -1.102 0.271

Ethnic (ref: Malay)

Chinese 0.5793 0.4388 1.320 0.188

Indian 0.5014 0.5078 0.987 0.324

Others -0.8699 1.4058 -0.619 0.537

IPAQ.MET 0.0000 0.0001 0.460 0.646

Hypertension -0.4819 0.3988 -1.208 0.228

Highest education level (ref: Bachelor’s degree)

Primary -4.7095 0.8095 -5.818 < 0.001

Secondary -1.6376 0.6028 -2.717 0.007

Pre-university/Diploma -0.9181 0.5836 -1.573 0.117

Postgrad 0.3465 0.6228 0.556 0.578

Savings (ref: RM1 to 10,000)

RM10,001 to 100,000 1.6806 0.5488 3.062 0.002

RM100,001 to 500,000 2.0062 0.5810 3.453 0.001

RM500,001 to > 1,000,000 2.2600 0.6727 3.359 0.001

Constant 27.4062 2.4902 11.006 < 0.001

Table 2.  Hierarchical regression results on MoCA. R2 = 0.42, Adjusted R2 = 0.38, F = 12.78, 
p-value < 0.001. Breusch-Pagan Test for Heteroscedasticity: χ 2 = 15.856, p-value = 0.322. Durbin-Watson 
Test for Autocorrelation: DW = 2.130, p-value = 0.814. RESET Test for Model Specification: F = 2.019, 
p-value = 0.135.
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In a multinational meta-analysis and systematic review of epidemiology studies, it has been shown that the 
prevalence of mild cognitive impairment increases with age, from 10.9% for those between the age of 50–59 
y/o, to 11.5% for 60–69 y/o and 15.76% for 70–79 y/o, to 21.27% in older adults aged ≥ 80 y/o30. Increasing age 
(aged 75 and above) was also linked with increased possibility of mild cognitive impairment (decreased MoCA 
scores), according to a Chinese cross-sectional analysis study in older adults31. Similarly, in our study, before 
the inclusion of socioeconomic variables into the model, hierarchical regression showed that older age was a 
significant variable which negatively affected MoCA scores.

Before the inclusion of socioeconomic variables into the model, hierarchical regression showed ethnicity as 
a significant variable influencing MoCA scores. In addition, bivariate analysis indicated that MoCA scores were 
significantly different across ethnic groups. The median scores for Malay, Chinese and Indian were 23, 24 and 
25 respectively (data not shown), and pairwise comparison showed significant differences between ‘Malay’ and 
‘Chinese’ (p-value = 0.017), and between ‘Malay’ and ‘Indian’ (p-value = 0.034). Similar observations have been 
made by different research groups. In a Malaysian study done in community-dwelling older adults (aged 55 and 
above), the authors found that for Malays, Chinese, and Indians, the corresponding mean (SD) MoCA scores 
were 20.44 (4.92), 23.97 (4.03), and 22.04 (4.83) (p = 0.01)32. Among ethnic Chinese and Indians, cognitive 
performance was favourably linked with social engagement, and among ethnic Indians, it was positively linked 
with lower depression ratings32. In a different study comparing the prevalence rates of cognitive impairment and 
dementia of Chinese and Malays among community-dwelling older adults in Singapore, it was found that, even 
after adjusting for demographic factors and cardiovascular health status, Malays had a nearly twofold elevated risk 
of cognitive impairment (diagnosis of cognitive impairment no dementia (CIND) and dementia) as compared 
to Chinese33. It has not been clearly understood what causes the correlation between ethnic Malay people and 
cognitive decline. The increased prevalence of dementia in older Malays was also reported by another Malaysian 
population-based study. Subsequent analysis of the same dataset demonstrated no discernible difference in years 
of formal education received between Malays and non-Malays34.

Hierarchical regression of our study (before the inclusion of socioeconomic variables) also shows that 
hypertension was a significant variable which negatively and significantly affecting MoCA score. Hypertension 
or high blood pressure is a global, major health problem among older adults. According to a Malaysian cross-
sectional national population-based survey, the prevalence of hypertension in older adults (aged 60 and above) 
was 69.2% in 201535. In the past, the relationship between high blood pressure (hypertension) and cognitive 
impairment in older adults have been explored. A recent Indian study with recruited hypertensive patients aged 
between 60 and 80 reported that patients on two-year or longer anti-hypertensive treatment had significant 
higher MoCA scores as compared to those not receiving any anti-hypertensive drugs36. In our study, the 
participants were asked an open-ended question regarding their diagnosed health conditions, and thus their 
hypertension status was self-reported. Unlike the voluntary disclosure nature in our question, in similar studies 
mentioned above, a confirmed diagnosis of hypertension was made by clinicians. Around 20% of our participants 
did not provide any information regarding their hypertension status, or it could be that they were not aware of 
their hypertension status as only 27% of participants reported that they have a diagnosis of hypertension. This 
percentage was much less than prevalence of 69.2% in the abovementioned Malaysian survey study. Nonetheless, 
as a vital, modifiable risk factor for age-related cognitive decline, the effective management of hypertension 
should still be promoted37.

The socioeconomic status in this study was described using respondents’ educational status and savings. Our 
final block of full regression model showed that these are the two most important variables affecting MoCA 
performance, especially for those having only up to primary school education. The effects of educational status 
and savings masked the effects of PA, age, ethnicity and hypertension status. A Malaysian study showed that 
regardless of ethnic groups (Malay, Chinese, Indian), having less than 12 years of formal education were one 
of the common risk factors for low MoCA performance32. Similar findings could be observed in cognitively 
intact elderly participants in the United States38 and Greece39. It is commonly acknowledged that a main 
risk factor for late life cognitive impairment is low socioeconomic status40. Although the exact mechanisms 
by which SES influences cognitive impairment has not been clearly known, it is thought that SES may lessen 
cognitive impairment by building and maintaining brain reserve capacity. Levels of formal education received is 
a commonly used measure of cognitive reserve. Low literacy is a known risk factor for dementia and is linked to 
poor cognitive function41. According to the “cognitive reserve” hypothesis, brain tissue pathological burden that 
manifests as cognitive impairment is influenced by factors connected to intellectual stimulus, such as education, 
engaging occupation, mind-stimulating leisure activities, and social interactions. Having higher cognitive reserve 
may, by some compensating mechanism, postpone the onset of cognitive impairment or dementia symptoms 
due to pathological alterations in the brain42. Due to their low educational attainment, people with low SES have 
inadequate health literacy. There could be a general stigma associated with receiving mental health treatment at 
medical facilities in the community. In addition, when being compared to people with higher SES, they are less 
likely to get necessary health advice and show less effort to get tested for cognitive impairment. Poverty-stricken 
older persons lacked the resources needed to maintain excellent cognitive function, such as access to healthcare 
and wholesome nutrition. Because poverty-related problems can take up mental resources, poverty itself is a 
cause of cognitive decline. Therefore, cognitive impairment is more common found in older adults with lower 
socioeconomic status.

In this study, we recruited older adults who were cognitively normal as defined by their MoCA score of 
≥ 13. Although the suggested cut-off score for MoCA is 26 when the screening tool was first developed16, it is 
later suggested that the mentioned score may not be the true reflective of mild cognitive impairment (MCI) in 
different country, hence, according to the cultural and educational backgrounds in a country, modifications to 
the cut-off score can be made43. A systematic review of the studies employed MoCA in Southeast Asia reported 
that in countries including Malaysia, Singapore, China, and Taiwan, researchers used a cut-off point ranged from 
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13 to 26 to take the educational background in these regions into account44. This study involved a representative 
sample consisting of participants from major ethnicities in Peninsular Malaysia (Malay, Chinese and Indian). 
Besides, the effects of socioeconomic status (in this case, education and savings) on cognitive function have not 
been well studied in the Southeast Asian context, especially in Malaysia. Although the use of IPAQ was originally 
intended for use in young and middle-aged adults (18–65 y/o)45, numerous studies have used it in older adult 
populations46. The advantages for the use of IPAQ include easy comparison of physical activity with other studies 
involving different age groups.

There are several limitations to this study. Outcomes from this study suggested that there is a positive 
correlation between the amount of physical activity and cognitive function. However, a causal relationship 
between these variables is not warranted dues to its cross-sectional design as all data were collected at one point 
in time, that is, at the beginning of a longitudinal intervention study involving physical activity and cognitive 
stimulation sessions. However, these baseline findings helped the researchers gain valuable insights into the 
factors affecting cognitive function among the Malaysian older adults. In addition, the short-form IPAQ requires 
participants to self-report physical activity done in the past seven days, and therefore, susceptible to recall. 
Besides, these findings were based on urban, community dwelling older adults, and its generalizability to other 
populations, such as the older adults in long-term care facilities or those staying in rural areas, remains to be 
elucidated. On top of that, the sample size was not very large, which may limit its generalizability.

Our cross-sectional study was able to establish the positive relative association between PA and median 
MoCA scores, as well as showing the effects of education level and savings on median MoCA scores. However, 
more longitudinal research will be needed to examine these relationships in this part of the world. Our team has 
an on-going, long-term intervention study (with physical activity and cognitive stimulation sessions) involving 
participants of different socioeconomic statuses will help us better understand these relationships. Besides, 
future research could be conducted to understand barriers faced by older adults which could prevent them from 
engaging in at least moderate amount of PA. Research in this direction would be helpful in aiding policy makers 
to establish policies and design effective public health programs related to the maintenance of optimal cognitive 
function among the older adults.

In conclusion, in accordance with previous research, our study on cognitively normal, multi-ethnic, 
community-dwelling older adults in Malaysia suggests that there is a positive correlation between physical 
activity and cognitive function. Being older, of the Malay ethnicity and having hypertension were associated 
with lower MoCA scores. However, our full regression model showed that having tertiary education (obtaining 
a Bachelor or postgraduate degrees) and having higher savings, explain the most variance in better performance 
in MoCA score, even masking the effects of age, ethnicity and hypertension status. Further investigations are 
needed for a thorough understanding of these relationships with the aim to improve or retain cognitive function 
in this population.

Methods
Participant recruitment
Older adults aged 60 and older were recruited as part of the MyAgeWell cohort. These participants were from 
the greater Klang Valley area (Kuala Lumpur and areas in Selangor) in the middle of Peninsular Malaysia, 
which is the cultural, commercial and economic heartbeat of Malaysia. The study has been registered on ​h​t​t​p​s​
:​/​/​c​l​i​n​i​c​a​l​t​r​i​a​l​s​.​g​o​v​/​​​​ with the protocol number (NCT06376656), in which details of the study cohort, as well as 
the recruitment process and criteria, can be accessed. This study followed the principles of the Declaration of 
Helsinki and had obtained approval from the Sunway University Research Ethics Committee (SUREC2020/039). 
All participants were briefed about the study and their informed consent was obtained prior to recruitment.

Questionnaire
Montreal Cognitive Assessment: A Montreal Cognitive Assessment (MoCA) score of ≥ 13 is one of the 
inclusion criteria for participant recruitment16. MoCA is a one-page, performance-based cognitive instrument 
for the screening of mild to moderate cognitive impairment and it has been validated for its use on the older 
population. The highest possible score is 30. This 10- to 15-minute test has been individually administered to 
all participants by researchers following its original instructions. The MoCA examine several cognitive domains 
including visuospatial/executive function, naming, memory, attention, language, abstraction, delayed recall, 
and orientation. For participants who receive ≤ 12 years of education, an additional ‘correction point’ is given 
following the recommended education adjustment proposed by Nasreddine et al., the designer of MoCA16. The 
translated, national Malay version of MoCA47 was available upon participants’ request.

Baseline questionnaire: After recruitment, all participants were invited to fill in an online baseline 
questionnaire. The baseline questionnaire consists of 135 questions, which included demographic details, 
socioeconomic status, self-disclosed health conditions, and the short form of the International Physical Activity 
Questionnaire (IPAQ).

International Physical Activity Questionnaire: Part of the Baseline Questionnaire is composed of the short 
form of the International Physical Activity Questionnaire (IPAQ), which captured the participants’ physical 
activity (PA) in the past seven days45. The seven items of IPAQ estimates the time spent per week on moderate-
to-vigorous intensity of physical activity, walking, and physical inactivity (sitting position). Responses are 
reported as to metabolic equivalent task (MET) minutes per week (MET min/week). The calculation of MET 
min is as follows: walking is 3.3 METs, moderate PA is 4.0 METs and vigorous PA is 8.0 METs. Any session of 
activity < 10 min is not included in the final calculation. The total METs min per week is the sum of the amount 
of walking (METs×min×d), the amount of moderate PA (METs×min×d), and vigorous PA (METs×min×d) 
in the past seven days. In addition, levels of physical activities are classified as ‘Low’, ‘Moderate’ and ‘High’ 
(Table 348), using a publicly available spreadsheet tool according to the 2005 revised guidelines by IPAQ Research 
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Committee49, which tool has been widely used in many recent articles reporting physical activity of older 
adults50–53. The International Physical Activity Questionnaire Short Form has demonstrated good test-retest 
reliability, with an intraclass correlation coefficient (ICC) of 0.7954,55.

Statistical analysis
Details of study participants included age, gender, ethnicity, hypertension status, highest education level, 
savings, IPAQ, and MoCA scores. Categorical variables are reported as number and percentage. Bivariate 
associations between MoCA scores and all categorical variables were also analyzed using non-parametric tests: 
the Mann-Whitney U test for independent categorical variables with two groups and the Kruskal-Wallis test for 
independent categorical variables with more than two groups.

The relationship between IPAQ and MoCA scores was visualized by plotting the median MoCA scores across 
different IPAQ levels for all participants. Additionally, the non-parametric Kruskal-Wallis test was performed to 
examine the relationship between MoCA scores and IPAQ levels. Post-hoc pairwise comparisons were conducted 
using the Wilcoxon rank sum test with continuity correction to identify significant differences between specific 
IPAQ levels.

Hierarchical regression analysis was conducted to examine the relationship between MoCA scores and the 
seven independent variables (age, gender, ethnicity, hypertension, highest education level, savings, and IPAQ). 
The analysis was performed in a stepwise manner, entering variables in blocks to assess their incremental 
explanatory power. In Block 1, demographic variables (age, gender, ethnicity) were entered first. Block 2 
included physical activity (IPAQ.MET). A health-related variable (hypertension status) was introduced in 
Block 3, followed by socioeconomic variables (highest education level, savings) in Block 4. The model’s fit was 
reported. Model significance and various diagnostics were also examined to ensure the robustness of the results. 
All analyses were conducted using R version 4.4.0, with statistical significance determined at α = 0.05.

Data availability
Limited access to data could be shared upon reasonable request. Please contact the corresponding author.
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