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Abstract
● AIM: To determine the association between distance and 
near visual acuity (VA) and cognitive function among older 
adults in Selangor, Malaysia. 
● MethodS: A total of 230 older adults (age ≥60y) 
participated in this study. Habitual distance and near 
VA were measured using the Early Treatment Diabetic 
Retinopathy Study Chart and Lighthouse Near Visual Acuity 
Chart, respectively. Global cognitive function was assessed 
using the Mini-Mental State Examination (M-MSE) and 
the Malay language version of the Montreal Cognitive 
Assessment (M-MoCA). Digit Symbol (DS) subtest was used 
to measure information processing. 
● ReSultS: No significant association was observed 
between vision and M-MSE and M-MoCA scores. However, 
poor distance and near VA were found to be significantly 
associated with low DS scores [distance VA: β=-0.01, 
R2=0.1, P=0.02; odds ratio (OR)=2.84, 95% confidence 
interval (CI), 1.10-7.33, P=0.03; near VA: β=-0.05, R2=0.08, 
P=0.00; OR=3.32, 95%CI, 1.28-8.59, P=0.01]. 

● ConCluSIon: Poor vision is associated with a decline 
in information processing in older adults and substantiates 
the importance of preserving good vision in maintaining 
cognitive function.
● KeywoRdS: ageing; cognition; global cognitive 
function; information processing; vision 
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IntroduCtIon

G lobally, life expectancy has extended and the older 
population aged 65 and above has grown exponentially 

over the years. In general, there is approximately 9% older 
population worldwide in 2019, which is expected to reach 16% 
in 2050[1]. A similar demographic trend was also observed in 
Malaysia with an increment in the size of the older population 
over ten years from 5.0% in 2010 to 6.8% in 2020[2]. Growth in 
the older population is a concern among healthcare providers, 
as longevity increases the risks of age-related chronic diseases 
that can consequently result in various types of disability[3].
Previous studies have shown that ageing increases the risk of 
vision impairment (VI) and cognitive decline[4-5]. It has been 
reported that 70% of the population aged 50y and older had 
moderate and severe VI worldwide[6]. However, a slightly 
lower percentage (64%) of older adults in Malaysia was 
reported to have VI[7]. The difference could be due to the cut-
off visual acuity (VA) used in the definition of VI, i.e., VA 
was less than 6/18 in the Malaysian study compared to 6/12 
in the report by GBD 2019 Blindness and Vision Impairment 
Collaborators (2021)[6]. Worldwide leading causes of VI 
among those aged 50y and older in 2020 were uncorrected 
refractive error and cataracts[8]. In Malaysia cataracts, diabetic 
retinopathy and uncorrected refractive were the common cause 
of VI among older people[9].
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Ageing could also affect cognitive function[4]. The global 
prevalence of mild cognitive impairment (MCI) among 
community dwellers is 15.56%[10]. MCI prevalence in low and 
middle-income countries ranged from 0.3% to 63.3%, while 
the prevalence in Malaysia ranged from 15.8% to 21.1%[11].
Reduced vision is associated with cognitive decline[12-17]. The 
sensory deprivation hypothesis states that a decline in visual 
perception over time leads to gradual neural degradation and 
consequently reduced cognition[18]. The reduced vision had 
been postulated to affect cognitive performance because it 
limits the involvement of elder adults in physical and cognitive 
activities[16,19]. With the increasing size of the older population, 
the possibility of an increase in the prevalence of VI and 
cognitive decline in Malaysia and worldwide is inevitable. In 
Malaysia, studies on cognitive decline using the Malay version 
Mini-Mental State Examination (M-MSE) and Montreal 
Cognitive Assessment (MoCA) have been reported in the 
past[20].
This study extends prior research through an investigation 
of the association between vision and cognitive functions. 
It is hoped that a better understanding of the association 
between vision and cognition would be useful in planning 
for future interventions of maintaining good vision and 
cognitive function. Therefore, the main aim of this study was 
to determine the association between vision and cognitive 
function among community-dwelling older adults in Selangor, 
Malaysia.
subjeCts and Methods
ethical approval  The study adhered to the Declaration of 
Helsinki and was approved by the Medical Research and 
Ethics Committee (UKM1.21.3/244/NN-2018-145). The 
written informed consent of the participants was obtained 
before enrolment. Following that, socio-demographic data (age, 
gender, and education level) was obtained through interviews. 
study Population  A cross-sectional study was performed 
from August 2018 to May 2019 with the recruitment of 
Malaysian older adults, who previously participated in the 
population-based longitudinal study on a neuroprotective 
model for healthy longevity (Towards Useful Ageing: TUA)[21-22]. 
The sampling for the study was carried out with the assistance 
of the Department of Statistics, Malaysia. The participants 
were recruited using a multi-stage random sampling method 
from Selangor state (the most populated state in Malaysia, 
6569.5 population in thousands), where a higher prevalence of 
older adults had been reported[23].
The sample size was calculated according to Krejcie and 
Morgan (1970), where the minimum number of participants 
required was 172[24]. The inclusion criteria were older adults 
aged 60y and above and the exclusion criteria were having 
scores of 14 and below with M-MSE. 

study Measures
Vision assessment  Habitual distance VA was measured on 
each eye using the Early Treatment Diabetic Retinopathy 
Study (ETDRS) chart (Precision Vision, USA) at 3 m. The 
testing distance was reduced to 2 or 1 m if subjects failed to 
identify any letter at 3 m. Habitual near VA was measured on 
each eye using Lighthouse Near Visual Acuity (LNVA) chart 
(Precision Vision, USA) at 40 cm.
Cognitive function assessment  Cognitive function tests were 
assessed using the Malay version of M-MSE[25], the Malay 
version of MoCA[26] and the Digit Symbol (DS) subtest of the 
Wechsler Adult Intelligence Scale (WAIS-III)[27].
1) M-MSE is a test that measures global cognitive function[28]. 
Ibrahim et al[25] validated three Malay versions of M-MSE 
(M-MSE-7, M-MSE-3 and M-MSE-S) and reported 
α-coefficient of >0.70. Taking into consideration the higher 
prevalence of VI in the older population, items requiring vision 
were omitted resulting in a maximum score of 22[29]. The cut-
off value of 17 indicated the possible presence of cognitive 
impairment with a sensitivity of 84.9 and specificity of 82.1[29].
2) MoCA is also a test that measures global cognitive function 
with an additional domain of the executive function[30]. 
Compared to M-MSE, MoCA is a better measure of 
cognitive function because it has good detection of cognitive 
heterogeneity[31]. MoCA was translated into the Malay 
language and the reported α-coefficient was 0.69[26]. A similar 
principle of eliminating items requiring vision was used for 
MoCA, leaving a total score of 22 with a cut-off score of 18 
indicating the possible presence of cognitive impairment[32-33].
3) DS subtest of WAIS-III was used to test information 
processing which includes visual scanning, visual-spatial 
analysis, visual-motor integration, and incidental learning 
element[22,34].
4) Covariates included in this study were age (in years), 
gender, and education attainment (no formal education; 
primary school, secondary school; tertiary education).
statistical analysis  Data analysis was performed using SPSS 
version 23 (IBM SPSS 23 for Windows). The normality tests 
showed that all the parameters were normally distributed 
(P>0.05). For continuous data analysis, Pearson correlation 
was performed to determine the correlation between distance 
and near VA with age, M-MSE, M-MoCA, and DS scores. 
Multiple linear regression was carried out on variables with 
P<0.20 (Pearson correlation) to determine the association 
between vision and cognitive function scores, adjusting age, 
gender, and education level[35].
For categorical data analysis, the categorization of VI was made 
based on habitual distance VA and near VA in the better eye. 
No vision impairment (NVI) was defined as VA≤0.30 logMAR 
and VI as VA>0.30 logMAR. For near VA, NVI was defined as 
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VA≤0.8 M and VI as VA>0.8 M. For M-MSE, a score >17 was 
categorized as high and ≤17 was categorized as low[29]. For 
M-MoCA, a score of >18 was categorized as high and ≤18 was 
categorized as low. The raw score of DS was converted into 
a scaled score whereby a score ≥5 was defined as good and a 
score <5 as poor, respectively[27].
Kendall’s Tau-b was performed to determine the correlations 
between distance and near VI and NVI with gender, education 
level, good and poor cognitive functions (high/low M-MSE, 
high/low M-MoCA and good/poor DS). Multivariate logistic 
regression was carried out on a variable with P<0.20 (Kendall’s 
Tau-b) to determine the association between vision and 
cognitive function, adjusting age, gender, and education 
level[35].
results
baseline Characteristics of the study sample  A total 
of 230 subjects participated in this study. However, eight 
were excluded due to the M-MSE score being less than 14 
and, 13 other participants were excluded due to incomplete 
data. Therefore, data obtained from 209 participants were 
analyzed in this study. The participants’ socio-demographic 
characteristics, mean VA and vision category and mean 
cognitive functions scores and category are summarized in 
Table 1. The majority of the participants were female (56.9%) 
and mainly of Malaysian Chinese ethnicity (51.2%). Overall, 
the NVI was higher in both habitual distance VA (logMAR) 
and habitual near VA (M) with 74.6% and 58.9%, respectively. 
The M-MSE blind score showed high among 154 participants, 
while 170 participants have a low M-MoCA-blind score. Of 
the 209 participants, 174 (83.3%) have a good DS score. Both 
Pearson correlation and Kendall’s Tau-b analysis showed a 
significant correlation between vision and cognitive function 
(P<0.20), except for habitual distance VA with M-MSE score 
(rτ=0.04, P=0.60).
association between Vision and Cognitive Function  
Table 2 shows the crude and adjusted multiple linear 
regression between habitual distance VA, habitual near VA and 
cognitive functions. Poor habitual distance VA was significantly 
associated with a low M-MSE score (β=-0.01, P=0.03), however, 
the association did not persist after adjusting the age, gender, 
and education level. There was also a significant association 
between poor habitual distance and near VA with a low 
M-MoCA score (distance VA β=-0.01, P=0.00; near 
VA β=-0.03, P=0.00), but this association did not persevere 
after the adjusted age, gender, and education level. Both 
poor habitual distance and near VA were also significantly 
associated with low DS score (distance β=-0.02, P=0.00; near 
β=-0.05, P=0.00), and the association remained significant 
even after adjustment for age, gender and education level were 
made (distance β=-0.01, P=0.02, near β=-0.05, P=0.00).

association between the status of Vision Impairment 
and reduced Cognitive Functions  Distance VI was found 
to be significantly associated with a poor DS score and the 
association remained significant after adjustment for age, 
gender and education level [odds ratio (OR)=2.84, 95% 
confidence interval (CI), 1.10-7.33, P=0.03). Similarly, near 
VI was also significantly associated with poor DS score and 
the association remained significant after adjustment for age, 
gender, and education level (OR=3.32, 95%CI, 1.28-8.59). 
There was a significant association between near VI and low 
M-MoCA score, but it did not persist after adjusting for age, 
gender, and education level (Table 3). 
dIsCussIon
In this study, we investigated the association between poor 
distance and near VA with cognitive function measured using 
M-MSE, M-MoCA and DS. It was found that poor habitual 
distance and near VA are significantly associated with low 

Table 1 Socio-demographic characteristics, vision and cognitive 

functions of participants

Characteristics n (%)
Races

Malay 73 (34.9)
Chinese 107 (51.2)
Indian 29 (13.9)

Gender 
Male 90 (43.1)
Female 119 (56.9)

Education level 
No formal education 24 (11.5)
Primary 60 (28.7)
Secondary 93 (44.5)
Tertiary 32 (15.3)

Habitual distance VA (logMAR)
NVI (VA≤0.30) 156 (74.6)
VI (VA>0.30) 53 (25.4)

Habitual near VA (M)
NVI (VA≤0.8) 123 (58.9)
VI (VA>0.8) 86 (41.1)

M-MSE-blind score
High (M-MSE>17) 154 (73.7)
Low (M-MSE≤17) 55 (26.3)

M-MoCA-blind score
High (M-MoCA>18) 39 (18.7)
Low (M-MoCA≤18) 170 (81.3)

Digit Symbol score
Good (Digit Symbol≥5) 174 (83.3)
Poor (Digit Symbol<5) 35 (16.7)

VA: Visual acuity; NVI: No vision impairment; VI: Vision impairment; 

M-MSE: Malay version Mini-Mental State Examination; M-MoCA: 

Malay version of Montreal Cognitive Assessment.
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M-MSE score, M-MoCA score, and DS score. When age, 
gender and education level are considered, the association 
remained significant for DS only. When distance and near VA 
were analyzed by category of vision impairment, poor DS is 
the only cognitive function that was found to be associated 
with vision impairment based on distance and near vision.
Our findings were found to be parallel with a study of Reyes-
Ortiz et al[36], where no association between distance VI 
(VA≥20/60) and declined cognitive were found among non-
institutionalized Mexican Americans aged 65 and older using 
M-MSE. However, a previous study that analyzed cross-
sectional and longitudinal data found a significant association 
between worse distance VA and M-MSE scores[16]. The obvious 
difference reported in Zheng et al[16] study as compared to 
Reyez-Ortiz et al[36] and our study could be due to the study 
design. The findings of this study were also in contrast to 
those reported by Effendi-Tenang et al[33], where they found 
an association between distance VI and poor MoCA score. 
Although both studies were performed in Malaysia, the sample 
population were different where Effendi-Tenang et al[33] 
recruited older adults with a minimum age of 55 from two 
urban districts in Kuala Lumpur (9th most populated state in 
Malaysia, 1773.9 population in thousands)[23], whilst our study 
recruited older adults aged 60 and above from both urban and 
rural districts in the state of Selangor.
In a clinical setting, it is more common to categorize VI 
based on distance VA. However, near VA is also important 

because impaired near vision could affect daily activities such 
as reading. In our study, no association was found between 
habitual near VA with M-MSE or M-MoCA. Our finding 
is in contrast with a study by Spierer et al[14] that reported a 
significant correlation between good near VA and high M-MSE 
score (β=-4.32, P<0.001). Subjects with good near VA on the 
Jaeger chart (≤J3) were 2.43 times more likely to have a high 
M-MSE score. The subjects in Spierer et al[14] study were 
much older with a mean age difference of 10y from our study. 

Moreover, about two-thirds of the subjects in their study were 
female. Nagaratnam et al[37] reported that the M-MSE scores 
start to decline between the age of 29 to 105y, with the highest 
decline between ages 84 and 104y. It is possible that the 
difference in subjects’ mean age contributes to the difference in 
our findings. 
Another aspect of cognitive function involving information 
processing was measured using DS. There was a significant 
association between poor habitual distance VA with poor DS 
score after adjusting to age, gender, and education level. This is 
comparable to Swenor et al[18], which reported VI (VA>20/40) 
was significantly associated with low DS scores among 
community-dwelling and high-physical functioning older 
adults. Similar findings were also reported in a study by Chen 
et al[15], whereby VI (VA>20/40) was associated with a poor 
DS score (β=-5.1, P=0.006) and subjects with poor vision had 
a 2.8 times higher risk of cognitive decline (OR=2.8, 95%CI, 
1.1-6.7).

Table 2 Multiple linear regression between habitual distance VA, habitual near VA and cognitive functions

Dependent variable Independent variable
Crude Adjusteda

β Adjusted R2 P β Adjusted R2 P
M-MSE Habitual distance VA -0.01 0.02 0.03 0.00 0.08 0.93

Habitual near VA -0.03 0.01 0.06 -0.01 0.04 0.62
M-MoCA Habitual distance VA -0.01 0.05 0.00 -0.00 0.09 0.24

Habitual near VA -0.03 0.05 0.00 -0.02 0.05 0.08
Digit Symbol Habitual distance VA -0.02 0.08 0.00 -0.01 0.10 0.02

Habitual near VA -0.05 0.09 0.00 -0.05 0.08 0.00
aAdjusted for age, gender, and education level. VA: Visual acuity; M-MSE: Malay version Mini-Mental State Examination; M-MoCA: 

Malay version of Montreal Cognitive Assessment.

Table 3 Multivariate logistic regression between category of vision impairment and cognitive function

Dependent variable Independent variable
Crude Adjusteda

OR 95%CI P OR 95%CI P
Digit Symbol Based on distance VA

NVI 1.00 1.00
VI 3.12 1.46–6.65 0.00 2.84 1.10–7.33 0.03

Based on near VA
NVI 1.00 1.00
VI 3.94 1.81–8.58 0.00 3.32 1.28–8.59 0.01

M-MoCA Based on near VA
NVI 1.00 1.00
VI 2.35 1.08–5.11 0.03 1.54 0.67–3.55 0.31

aAdjusted for age, gender, and education level. VA: Visual acuity; NVI: No vision impairment; VI: Vision impairment; M-MoCA: Malay 

version of Montreal Cognitive Assessment; OR: Odds ratio; CI: Confidence interval.
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In addition, poor habitual near VA was also found to be 
significantly associated with poor DS scores following 
adjustment for age, gender, and education level. Similarly, 
Hunt and Bassi[12] demonstrated a significant association 
between reduced near VA and low DS scores in young and 
older adult subjects (r=-0.314, P<0.001). They also suggested 
that reduced near VA may slow down the processing speed 
during visual scanning and affect visual perception, thus 
increasing performance time and errors made. In addition, 
they also noted that symbols may not be readily encoded 
into memory because of the reduced VA, and consequently, 
subjects may have had to scan the symbols more frequently. 
Comparable findings were equally reported by Chen et al[15], in 
which poor near VA (VA<20/40) was significantly associated 
with poor DS score (β=-3.8, P=0.004) among older people 
aged 60 and older, whereas poor near VA had a higher risk 
for cognitive decline after adjustment for demographic, 
socioeconomic factors, general health condition and behavior. 
However, there was no significant association between poor 
near VA and poor DS scores after further adjustment for self-
reported hearing impairment and physical limitations. Clay 
et al[38] suggested that ageing was associated with a decline in 
visual function that could subsequently lead to slower visual 
processing speed. This in turn could result in a greater decline 
in memory span and general intellectual abilities.  
It is also notable that our study had a low response rate from 
the older age group (≥75) due to morbidity and disability 
issues as data collection was done at specific community 
centres. However, an advantage was that the mean age of the 
subjects who participated in this study was close to the average 
life expectancy in Malaysia. Poor vision was found to be 
significantly associated with information processing, however, 
may not be able to generalize the global cognitive functioning 
of Malaysian older adults.
In summary, we are able to determine the association between 
vision and cognitive function using M-MSE and M-MoCA 
tests that have been translated and validated into the Malay 
language. The findings of this study can be generalized to 
the Malaysian population since the sample population was 
chosen from one of the states in Malaysia that has the highest 
prevalence of the older population. The analysis was adjusted 
for education level, which is an important covariate because 
the older population as generally Malaysian had a lower level 
of education compared to the other developed countries. 
Nevertheless, the outcome of this can be utilized by eye health 
professionals to promote the preservation of good vision in 
maintaining cognitive function throughout life. Additional 
research would be necessary for a better understanding of 
longitudinal and fundamental relationships between visual and 
cognitive decline.
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