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Abstract
Background: Longitudinal evidence of poor visual acuity associating with higher risk of incident dementia is mixed. This study aimed to
examine if poor visual acuity was associated with higher dementia incidence in a large community cohort of older adults, independent of the
possible biases relating to misclassification error, reverse causality, and confounding effects due to health problems and behaviors.
Methods: A total of 15,576 community-living older adults without dementia at baseline were followed for 6 years to the outcome of incident
dementia, which was diagnosed according to the ICD-10 or a Clinical Dementia Rating of 1 to 3. Visual acuity was assessed using the Snellen’s
chart at baseline and follow-up. Important variables including demographics (age, sex, education, and socioeconomic status), physical and
psychiatric comorbidities (cardiovascular risks, ophthalmological conditions, hearing impairment, poor mobility, and depression), and lifestyle
behaviors (smoking, diet, physical, intellectual, and social activities) were also assessed.
Results: Over 68,904 person-years of follow-up, 1,349 participants developed dementia. Poorer visual acuity at baseline was associated with
higher dementia incidence in 6 years, even after adjusting for demographics, health problems, and lifestyle behaviors, and excluding those who
developed dementia within 3 years after baseline. Compared with normal vision, the hazard ratio of dementia was 1.19 (p = .31), 2.09 (p <
.001), and 8.66 (p < .001) for mild, moderate, and severe visual impairment, respectively.
Conclusions: Moderate-to-severe visual impairment could be a potential predictor and possibly a risk factor for dementia. From a clinical
perspective, older adults with poor visual acuity might warrant further risk assessment for dementia.
Keywords: Poor vision, Visual impairment, Cognitive impairment

Poor vision and dementia are prevalent among older people, causing
significant functional impairments, lower quality of life, and aggravation of comorbidities (1–5). Although poor vision has been postulated to increase risk of cognitive decline (6–14), longitudinal
evidence of poor vision independently increasing risk of dementia
is scarce (15,16). To date, only two longitudinal studies have examined the association between poor visual acuity and risk of dementia
(17,18), and their results are conflicting. Several possible reasons
relating to the methodology might explain the difficulty in finding
such an association. First, people with visual impairment might
have more perceptual difficulty during cognitive testing, especially
with items that require good vision, and thereby score worse (19).

Misclassifying them as having dementia would introduce bias in the
study of poor vision and dementia. One way to minimize this is to
use comprehensive clinical assessment rather than vision-dependent
cognitive tests to identify dementia in this special population.
Second, although previous longitudinal studies have excluded participants without dementia at baseline, those in the preclinical stage
of dementia might already have visual disturbance and neuronal degeneration as reflected by retinal nerve fiber layer thinning, both of
which are potential early markers of Alzheimer’s disease (20,21), or
have trouble in following the instructions of the visual acuity test
owing to subtle cognitive impairment, thus risking reverse causation. Having a longer interval between assessment of visual acuity
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Methods
Study Design, Setting, and Participants
This longitudinal observational study was based on the Year 2005
cohort of the Elderly Health Centres (EHCs) of the Department of
Health of the Government of Hong Kong, which has been described
in more detail elsewhere (23). Briefly, this cohort was composed of
a total of 18,298 Chinese individuals aged 65 years or older at inception in 2005, and was followed for 6 years to the outcome of
incident dementia. During the study period, participants received
annual standardized clinical assessment of cognitive status and comprehensive examination of a wide range of lifestyle behaviors, physical and psychiatric comorbidities, and sociodemographic factors at
the EHCs. Those who missed the follow-up assessments at the EHCs
were actively traced and interviewed by geriatric psychiatrists, or
cross-checked with the Deaths Registry for the cause of death. In
this study, informed consent was obtained from all individual participants, or from their relatives if they were mentally incapable of
giving consent before the follow-up assessment was conducted. This
study was approved by the Ethics Committee of the Department
of Health of the Government of Hong Kong and the Joint Clinical
Research Ethics Committee of the Chinese University of Hong Kong
and the New Territories East Cluster of the Hospital Authority.
To examine the association between visual acuity and incidence
of dementia while minimizing potential residual confounding due
to suspected dementia, we excluded participants who were living in
care homes, having Parkinson’s disease, stroke, or dementia, and/or
not completing the visual acuity tests at baseline. Given the potential
confounding effect of lifestyle behaviors in the association between
preexisting visual impairment and future development of dementia,
which themselves are also associated with higher risk of incident
dementia, we also excluded participants who did not provide a description of their leisure activity pattern. Thus, 15,576 individuals
were included (Supplementary Figure 1).

Assessment of Visual Acuity
Habitual visual acuity was estimated using line scores from the
20-feet Snellen’s E chart mounted on a wall at the EHCs. The Snellen’s
chart is commonly used in clinical setting for measuring visual acuity
(24,25). Optical corrections were allowed during the clinical evaluation of visual acuity in this study, so participants needing eyeglasses
in their daily lives were asked to look at the Snellen’s chart with their

glasses on. Given the non-normal distribution, the Snellen fractions
were converted to LogMAR, with a higher score indicating poorer
visual acuity.

Identification of Dementia Cases
The outcome of this study was incident dementia in 6 years. To minimize the risk of misclassifying individuals with poor vision as having
dementia due to difficulty in completing vision-dependent cognitive
tests, comprehensive clinical examination, including detailed history taking to look for evidence of impaired personal activities of
daily living owing to a significant decline in memory and executive
function rather than sensory impairments, and nonvisual cognitive
testing, such as the delayed recall test and the Abbreviated Mental
Test, were conducted by physicians at the EHCs at baseline and
follow-up. Participants who missed these but agreed to a follow-up
interview received the clinical examination and Clinical Dementia
Rating by geriatric psychiatrists. Dementia was diagnosed according
to the International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) and a Clinical Dementia
Rating (CDR) of 1 to 3 (26,27). A panel of geriatric psychiatrists reviewed all the diagnosis of dementia independently. For cases whose
diagnosis was uncertain or in disagreement, the principal investigator adjudicated the final diagnosis.

Assessment of Other Variables
Sociodemographic factors (age, sex, educational level, and
socioeconomic status), physical and psychiatric comorbidities
(cataract, glaucoma, diabetes, hypertension, hypercholesterolemia,
heart diseases, obesity, hearing impairment, poor mobility, and depression), and lifestyle behaviors (physical, intellectual, and social
activities, fruit and vegetable intake, and smoking) were examined
during the assessment. Low socioeconomic status was defined as
receiving social security from the government. Cataract and glaucoma were diagnosed by ophthalmologists, whereas other health
problems were diagnosed by physicians, all according to the ICD10. Obesity was defined as body mass index equal to or greater
than 25 kg/m2 according to the Asian references (28). Hearing impairment was defined as 1- and 2-kHz loss of more than 40 decibels
in the better ear during audiometric testing (Audioscope, Welch
Allyn 23300). Poor mobility was defined as needing an aid to walk
or being chairbound. Standardized self-reported questionnaire
was used to assess the participants’ lifestyle behaviors in the prior
month. The leisure activity classification system has already been
validated for the Hong Kong Chinese older people (29). Adequate
amount of fruit and vegetable intake and regular participation in
physical, intellectual, and social activities were defined as previously reported (23,30,31).

Sample Size Estimation
Sample size estimation was performed using the Power and Precision
software, version 3.0 (Biostat). Sample size was calculated based on
estimates of incidence rate of dementia (6% in 6 years) and people
with visual impairment having an odds ratio of 1.78 for cognitive
decline from previous literature (7). With alpha set at 0.05, a baseline sample of 10,000 participants would yield at least 80% power
for detection of dementia at follow-up.

Statistical Analyses
Statistical analyses were performed using the IBM SPSS Statistics,
Version 24.0 (IBM Corp). The number of participants with follow-up
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and diagnosis of dementia and excluding those who developed dementia shortly after baseline might help minimize the possibility of
reverse causation. Third, people with poor vision might experience
more difficulties in accessing services for their health problems and
in participating in physical, intellectual, and social activities (22).
Whether poor visual acuity increases the risk of dementia independent of these health conditions and behaviors, which themselves
have already been shown to be associated with dementia, requires
further investigation.
Based on a large well-characterized cohort of community-living
older Chinese adults who were free of dementia at baseline, we
examined if poor visual acuity at baseline was independently associated with higher risk of incident dementia in 6 years. Our findings
might support and extend the previous literature that poor vision
is important to the development of dementia, and highlight the importance of including visual acuity examination in dementia risk
assessment.
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examine if mild, moderate, and severe visual impairments were associated with higher incidence of dementia. Cox regression analysis
was repeated, adjusting for the same confounders in the aforementioned models.

Results
A total of 15,576 participants constituted the present study sample.
Nine thousand nine hundred and forty-five (63.8%) were women,
and the mean age at baseline was 74.5 years (SD: 4.8 years). They
had a median follow-up period of 5.0 years (interquartile range: 3.0–
6.0 years), contributing 68,904 person-years of follow-up over the
6-year study period. 1,349 participants (8.7%) developed incident
dementia in 6 years. Compared to those who remained free of dementia, they were older and were predominantly female, with lower
educational attainment and socioeconomic status, higher prevalence of physical and psychiatric comorbidities (cataract, diabetes,
hypertension, heart diseases, hearing impairment, poor mobility,
and depression), and lower adherence to healthy lifestyle practices
(less participation in physical exercise and intellectual activities, and
lower intake of fruits and vegetables; Table 1).

Visual Acuity at Baseline and Risk of Incident
Dementia
At baseline, the mean visual acuity of the study sample was 0.46
LogMAR (approximate Snellen equivalent 20/58). Participants with
incident dementia had poorer visual acuity at baseline than those
without (0.51 [0.17] vs 0.46 [0.16], in Log MAR; p < .001; Table 1).
The HR of incident dementia was 15.07 (95% CI = 10.68–21.28;
p < .001) for poorer visual acuity at baseline. After adjusting for
age, sex, educational level, socioeconomic status, cataract, glaucoma, cardiovascular risks, hearing impairment, poor mobility, depression, physical exercise, intellectual activities, social activities,
fruit and vegetable consumption, and smoking, the HR was 5.88
(95% CI = 4.04–8.57; p < .001). The attenuation of HR appears

Table 1. Comparison of Baseline Characteristics Between Participants With and Without Incident Dementia in 6 Years.
Incident Dementia
Baseline Characteristics
Age, mean (SD)
Female, n (%)
No schooling received, n (%)
On social welfare, n (%)
Cataract, n (%)
Glaucoma, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)
Hypercholesterolemia, n (%)
Heart disease, n (%)
Obesity, n (%)
Hearing impairment, n (%)
Poor mobility, n (%)
Depression, n (%)
Physical exercises, n (%)
Intellectual activities, n (%)
Social activities, n (%)
Adequate intake of fruits and vegetables, n (%)
Smoking, n (%)
Visual acuity in LogMAR, mean (SD)

No (n = 14,227)

Yes (n = 1349)

p Value

74.3 (4.8)
8,965 (63.0)
3,659 (25.7)
1,780 (12.5)
9,063 (63.7)
492 (3.5)
2,112 (14.8)
9,081 (63.8)
6,001 (42.2)
1,575 (11.1)
5,390 (37.9)
3,195 (22.5)
988 (6.9)
517 (3.6)
7,208 (50.7)
9,518 (66.9)
11,049 (77.7)
7,110 (50.0)
699 (4.9)
0.46 (0.16)

76.4 (5.2)
980 (72.6)
511 (37.9)
195 (14.5)
915 (67.8)
52 (3.9)
246 (18.2)
943 (69.9)
584 (43.3)
188 (13.9)
526 (39.0)
337 (25.0)
168 (12.5)
73 (5.4)
550 (40.8)
684 (50.7)
1,065 (78.9)
622 (46.1)
59 (4.4)
0.51 (0.17)

<.001
<.001
<.001
.04
.003
.45
.001
<.001
.43
.001
.43
.03
<.001
.001
<.001
<.001
.28
.007
.38
<.001
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over the 6-year study period was expressed as person-years, which
was calculated by summing each participant’s contribution of
follow-up time. Comparison of visual acuity and other variables at
baseline between participants with and without incident dementia
was analyzed by the independent t test or the χ 2 test, as appropriate.
Continuous variables that were not normally distributed were analyzed by the Mann–Whitney test.
To minimize the risk of reverse causality, we repeated the analysis by first selecting participants who were still free of dementia at
Year 3 (ie, excluding those who developed dementia within 3 years
after baseline and those who could not be confirmed to be still free
of dementia by Year 3 owing to missing of the interim follow-up
assessment) and then comparing the visual acuity measured at baseline between those with and without incident dementia at Years 4–6.
Cox regression analysis was performed to examine the association between poorer visual acuity at baseline and time to dementia.
Model 1 was unadjusted, whereas Model 2 was adjusted for the
potential confounding factors. The data was censored when the
participant remained free of dementia by the time the study ended,
defaulted follow-up, or died without dementia before the study
ended. The hazard ratios (HRs) were computed to yield point estimates with 95% confidence intervals (95% CIs).
Sensitivity analysis was performed to ascertain whether higher
incidence of dementia was associated with poorer visual acuity
at baseline rather than a longitudinal decrease in visual acuity.
Participants who remained free of dementia by Year 3 were selected,
and the longitudinal changes of visual acuity from baseline to Year
3 were compared within and between participants with and without
dementia at Years 4–6 using paired t test and General Linear Model
repeated measures, respectively.
Based on the latest classification of visual impairment from the
ICD-11, a post hoc analysis was performed to test if the risk of dementia varied among different degrees of visual impairment. Normal
vision and mild, moderate, and severe visual impairments were defined as <0.3, 0.3–0.47, 0.48–0.99, and ≥1.00 LogMAR, respectively. Comparison was then made with the normal vision group to
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Longitudinal Changes of Visual Acuity Prior to Onset
of Dementia
Visual acuity declined significantly from baseline to Year 3 in both
participants who remained cognitively stable and those who developed incident dementia at Years 4–6 (Supplementary Figure 2).
However, there was little difference in the longitudinal changes of
visual acuity between the two groups (Table 2); thus, the principal
group difference was in visual acuity at baseline.

Degree of Visual Impairment at Baseline and Risk of
Incident Dementia
The frequency of distribution of participants with different severities of visual impairment at baseline was described in Table 3.
Participants with normal vision or mild visual impairment at baseline were more prevalent in the cognitively stable group, whereas
those with moderate or severe visual impairment were more prevalent in the incident dementia group.
However, comparing to those with normal vision, the proportion
of those with mild visual impairment at baseline was higher in the
incident dementia group than in the cognitively stable group (701 of
755 [92.8%] vs 8,214 of 9,646 [85.2%]; p < .001), with a HR of 1.56
(95% CI = 1.17–2.06; p = .002) for incident dementia after adjusting
for the confounding factors (Table 4). Nevertheless, we found no evidence of an association between mild visual impairment and higher

risk of dementia (HR = 1.19; 95% CI = 0.86–1.65; p = .31), after
adjusting for the confounding factors and excluding those who developed dementia within 3 years after baseline (Table 5).
For moderate and severe visual impairments, both were associated with higher risk of incident dementia over 6 years, even
after adjusting for confounding factors (Table 4) and additionally
excluding participants who developed dementia within 3 years
after baseline (Table 5); their HRs were 2.09 (95% CI = 1.47–
2.97; p < .001) and 8.66 (95% CI = 4.60–16.30; p = <0.001),
respectively.

Discussion
In this longitudinal study of over 15,000 community-living older
adults, we found an association between poorer visual acuity at
baseline and higher incidence of dementia. This association was not
fully explained by the rate of visual decline prior to the clinical onset
of dementia, and it remained significant even after excluding those
who developed dementia shortly after baseline and controlling for
other health problems and lifestyle practices. More importantly, this
association was present only in those with moderate-to-severe, but
not mild, visual impairment. These findings suggest that poor visual
acuity is an important factor in the development of dementia in older
people, and from a clinical perspective, health care professionals
need to be aware of older adults with poor visual acuity being at
higher risk of dementia.

Comparison with Previous Studies
To our knowledge, this is the largest longitudinal community cohort study that shows an independent association between poor
visual acuity and higher incidence of dementia. Relative to the previous studies, this study is better controlled, with various important
confounders considered, and care has been taken in the study design
and data analysis to minimize the possibilities of misclassification
error and reverse causation. Our findings thus provide additional
evidence to the existing literature on the importance of poor vision
in the development of dementia.
Although previous cross-sectional studies reported an association between visual impairment and dementia, it may be that
people with poor vision have higher incidence of dementia because
of the confounding effects of lower participation in physical exercise
and cognitively stimulating activities such as reading, which themselves are associated with higher risk of incident dementia. However,
these alone do not appear to fully account for the observed association, because it remained robust after we controlled for various lifestyle behaviors. Another possibility is that a common cause, such as
ageing and vascular risk factors (in particular, hypertension and diabetes), leads to the development of both visual impairment and dementia (32,33). However, again, the observed association remained
significant after adjusting for these factors. Moreover, we found no
evidence of longitudinal decline in visual acuity associating with

Table 2. Longitudinal Changes of Visual Acuity Over the First 3 Years Among Participants With and Without Incident Dementia at Years 4–6
Visual Acuity in LogMAR, Mean (SD)
Incident Dementia at Years 4–6

Baseline

Year 3

No
Yes

0.45 (0.16)
0.50 (0.16)

0.47 (0.17)
0.53 (0.18)

Note: aPaired t test. bGeneral linear model repeated measures.

p Valuea
<.001
<.001

p Valueb
.30
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to be driven mainly by age (HR = 1.06; 95% CI = 1.05–1.07; p
< .001), sex (female; HR = 1.22; 95% CI = 1.07–1.40; p = .004),
low educational level (HR = 1.17; 95% CI = 1.03–1.33; p = .01),
diabetes (HR = 1.19; 95% CI = 1.03–1.36; p = .02), hypertension (HR = 1.13; 95% CI = 1.00–1.28; p = .04), heart diseases
(HR = 1.18; 95% CI = 1.01–1.38; p = .04), lack of physical exercise
(HR = 1.24; 95% CI = 1.11–1.39; p < .001), and lack of intellectual activities (HR = 1.49; 95% CI = 1.32–1.68; p < .001). Neither
cataract (HR = 0.95; 95% CI = 0.85–1.07; p = .41) nor glaucoma
(HR = 1.03; 95% CI = 0.78–1.36; p = .83) was associated with a
higher HR of incident dementia.
Visual acuity at baseline was compared again between participants with and without incident dementia, after excluding those who
developed dementia within 3 years after baseline (n = 588) and those
who could not be confirmed to be still free of dementia by Year 3
owing to missing of the interim follow-up assessment (n = 3,479).
Consistent with the above finding, those with incident dementia
(n = 761) had poorer visual acuity at baseline than those who remained cognitively stable (n = 10,748) (0.51 [0.17] vs 0.45 [0.16], in
LogMAR; p < .001). The HR of incident dementia was 19.41 (95%
CI = 12.37–30.47; p < .001) for poorer visual acuity at baseline, and
8.24 (95% CI = 5.06–13.44; p < .001) after adjusting for the same
confounding factors as above. Again, neither cataract (HR = 0.95;
95% CI = 0.81–1.11; p = .51) nor glaucoma (HR = 0.99; 95%
CI = 0.68–1.45; p = .97) was associated with a higher HR of incident dementia.
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Table 3. Differences in Proportion of Participants With Different Severities of Visual Impairment at Baseline Between Those With and Without
Incident Dementia in 6 Years
Incident Dementia, No. (%)
Total Population, No. (%)

Normal
Mildly impaired
Moderately impaired
Severely impaired

1,486 (9.5)
8,915 (57.2)
4,714 (30.3)
461 (3.0)

No (n = 14,227)

Yes (n = 1,349)

p Valuea

p Valueb

1,432 (10.1)
8,214 (57.7)
4,186 (29.4)
395 (2.8)

54 (4.0)
701 (52.0)
528 (39.1)
66 (4.9)

<.001
<.001
<.001

<.001

Note: aComparison was made with the normal group using χ 2 test. bComparison was made across all groups using χ 2 test.

Table 4. HR and 95% CI of Incident Dementia Over 6 Years of Follow-up in Participants With Mild, Moderate, or Severe Visual Impairments
at Baseline
Model 1
Severity of Visual Impairment at Baseline

HR (95% CI)

Mild
Moderate
Severe

2.21 (1.68–2.92)
3.20 (2.42–4.23)
18.54 (12.93–26.60)

Model 2a
p Value
<.001
<.001
<.001

HR (95% CI)
1.56 (1.17–2.06)
2.27 (1.68–3.06)
10.84 (6.60–17.81)

p Value
.002
<.001
<.001

Note: CI = confidence interval; HR = hazard ratio.
a
Adjusted for age, sex, educational level, socioeconomic status, cataract, glaucoma, cardiovascular risks, hearing impairment, poor mobility, depression, physical
exercise, intellectual activities, social activities, fruit and vegetable consumption, and smoking.

Table 5. HR and 95% CI of Incident Dementia at Years 4–6 in Participants With Mild, Moderate, or Severe Visual Impairments at Baseline
Model 1
Severity of Visual Impairment at Baseline

HR (95% CI)

Mild
Moderate
Severe

1.65 (1.20–2.26)
2.79 (2.02–3.85)
13.63 (8.73–21.28)

Model 2a
p Value
.002
<.001
<.001

HR (95% CI)
1.19 (0.86–1.65)
2.09 (1.47–2.97)
8.66 (4.60–16.30)

p Value
.31
<.001
<.001

Note: CI = confidence interval; HR = hazard ratio.
a
Adjusted for age, sex, educational level, socioeconomic status, cataract, glaucoma, cardiovascular risks, hearing impairment, poor mobility, depression, physical
exercise, intellectual activities, social activities, fruit and vegetable consumption, and smoking.

higher incidence of dementia. These suggest that poor visual acuity
is independently associated with higher risk of dementia.
With visual disturbances possibly developed before the clinical
onset of cognitive symptoms, it may be that visual impairment is
an early marker rather than a risk factor of dementia. Although the
observational nature of this study does not allow us to conclude a
causal relationship between the two, our findings showed that the association between poor visual acuity at baseline and higher incidence
of dementia in 6 years remained robust after excluding those who
developed dementia within 3 years after baseline. This is in line with
the recent findings from the Salisbury Eye Evaluation Study, which
suggest that worsening of vision has a stronger effect on cognitive
decline than the other way round (13). Taken together, this evidence
suggests the possibility of poor vision as a risk factor of dementia.
Interestingly, we did not find an independent association between
cataract or glaucoma and higher incidence of dementia as suggested
by some recent studies (34,35). One possible explanation for the
difference in findings is that we did not assess the onset, duration,
severity and treatment of these ophthalmic conditions in this study.
Previous studies show that correcting cataract with surgery is associated with better cognitive performance and increased grey matter
volume in the visual cortex (36–40). With our data also showing

that moderate-to-severe, but not mild, visual impairment is associated with higher risk of dementia, it would be of interest to further
examine whether early treatment of poor vision might help delay or
prevent clinical manifestation of dementia in older adults.
Although the underlying mechanisms remain to be elucidated,
we speculate that poor visual acuity might result in less visual input
and thus attenuate the neuronal network that support cognitive processes. A number of neuroimaging studies have reported that visual
impairments could potentially lead to structural changes not only
within the visual cortex but also in other regions, including the
hippocampus and frontal areas, and alterations in functional connectivity across different brain regions (41–46). These findings are
in line of our observations that poor visual acuity might have an
independent association with the development of dementia. It would
be interesting to compare the risk of dementia between people with
and without blindness in future studies.

Strengths and Limitations
This study had several strengths. We followed this large territorywide community cohort for a long time, with a low attrition rate. We
used comprehensive and in-depth clinical interview to ascertain the
diagnosis of dementia, and excluded those who developed dementia
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Conclusions
Our findings support and extend the previous literature that poor
visual acuity is an important factor in the understanding of dementia
risk in older adults. With moderate-to-severe visual impairment
being a potential predictor and possibly a risk factor for dementia in
older adults, our findings suggest that those with poor visual acuity
might warrant further dementia risk assessment and management. In
future, trials should be conducted to test whether early correction of
poor visual acuity could help slow or prevent clinical manifestation
of dementia in older populations.
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Series A: Biological Sciences and Medical Sciences online.

Funding
This work was supported by the Health and Health Services Research Fund of
the Government of Hong Kong (grant number 09100071), which had no role
in the study design; collection, analysis, and interpretation of data; writing of
the report; and in the decision to submit the article for publication.

Conflict of Interest
None reported.

Acknowledgments
Shelley Chan from the Elderly Health Service provided the anonymized data
and cross-checked the defaulted subjects with the Deaths Registry. Ada Fung,
Shelly Leung, Janette Chow, Alicia Chan, Jeanie Law, and Jonathan Liu from
the Department of Psychiatry at the Chinese University of Hong Kong helped
with the tracing of defaulted subjects. All staff members of the 18 EHCs and
all subject participants and their family members gave their time to be involved in this study.

Ethical Approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the Ethics Committee of the Department
of Health of the Government of Hong Kong and the Joint Clinical Research
Ethics Committee of the Chinese University of Hong Kong and the New
Territories East Cluster of the Hospital Authority, and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

References
1. World Alzheimer Report. 2015 – The global impact of dementia. An analysis
of prevalence, incidence, cost and trends. Alzheimer’s Disease International.
2015. https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf.
Accessed August 28, 2019.
2. Evans JR, Fletcher AE, Wormald RP, et al. Prevalence of visual impairment
in people aged 75 years and older in Britain: results from the MRC trial
of assessment and management of older people in the community. Br J
Ophthalmol. 2002;86:795–800. doi: 10.1136/bjo.86.7.795
3. Congdon N, O’Colmain B, Klaver CC, et al. Causes and prevalence of
visual impairment among adults in the United States. Arch Ophthalmol.
2004;122:477–485. doi: 10.1001/archopht.122.4.477
4. Court H, McLean G, Guthrie B, Mercer SW, Smith DJ. Visual impairment is associated with physical and mental comorbidities in older
adults: a cross-sectional study. BMC Med. 2014;12:181. doi: 10.1186/
s12916-014-0181-7
5. Wang W, Yan W, Müller A, Keel S, He M. Association of socioeconomics
with prevalence of visual impairment and blindness. JAMA Ophthalmol.
2017;135:1295–1302. doi: 10.1001/jamaophthalmol.2017.3449
6. Anstey KJ, Luszcz MA, Sanchez L. Two-year decline in vision but
not hearing is associated with memory decline in very old adults in
a population-based sample. Gerontology. 2001;47:289–293. doi:
10.1159/000052814
7. Lin MY, Gutierrez PR, Stone KL, et al.; Study of Osteoporotic Fractures
Research Group. Vision impairment and combined vision and hearing impairment predict cognitive and functional decline in older women. J Am
Geriatr Soc. 2004;52:1996–2002. doi: 10.1111/j.1532-5415.2004.52554.x
8. Fischer ME, Cruickshanks KJ, Schubert CR, et al. Age-related sensory impairments and risk of cognitive impairment. J Am Geriatr Soc.
2016;64:1981–1987. doi: 10.1111/jgs.14308
9. Hong T, Mitchell P, Burlutsky G, Liew G, Wang JJ. Visual impairment, hearing loss and cognitive function in an older population: longitudinal findings from the Blue Mountains eye study. PLoS One.
2016;11:e0147646. doi: 10.1371/journal.pone.0147646
10. Mitoku K, Masaki N, Ogata Y, Okamoto K. Vision and hearing impairments, cognitive impairment and mortality among long-term care recipients: a population-based cohort study. BMC Geriatr. 2016;16:112. doi:
10.1186/s12877-016-0286-2
11. Chen SP, Bhattacharya J, Pershing S. Association of vision loss with cognition in older adults. JAMA Ophthalmol. 2017;135:963–970. doi:
10.1001/jamaophthalmol.2017.2838
12. Dearborn PJ, Elias MF, Sullivan KJ, Sullivan CE, Robbins MA. Poorer
visual acuity is associated with declines in cognitive performance across
multiple cognitive domains: the Maine-Syracuse Longitudinal Study. J Int
Neuropsychol Soc. 2018;24:746–754. doi: 10.1017/S1355617718000358
13. Zheng DD, Swenor BK, Christ SL, West SK, Lam BL, Lee DJ. Longitudinal
associations between visual impairment and cognitive functioning: the

Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/doi/10.1093/gerona/glaa036/5733633 by UCL, London user on 20 April 2020

shortly after baseline in the analysis. In addition, a wide range of
physical health problems, sociodemographic factors, and health behaviors were included in this study.
Nevertheless, this study had some limitations. First, given the observational nature of our study, care needs to be taken when making
an inference about a causal association between visual impairment
and dementia. The possibility of reverse causation, although minimized in this study, could not be completely excluded because the
baseline cognitive capacities, onset of poor visual acuity, and duration of wearing eyeglasses prior to this study were unknown. As
dementia is likely the consequence of a lifetime of injury, with pathologies developed years if not decades before the clinical manifestation (47,48), future studies involving a life course approach will be
needed to delineate the relationship between visual impairment and
dementia. Nevertheless, given that the previous evidence on the longitudinal association between the two has been unclear, our present
findings provide some new evidence that poor vision is potentially
important to the development of dementia, and support the need for
further studies. Second, habitual rather than best-corrected visual
acuity was examined in this study, though we speculate that the
former might better reflect to the risk exposure in real life. Third,
screening for other eye diseases and common causes of visual impairment in older people (such as age-related macular degeneration, diabetic retinopathy, myopia, hyperopia, and presbyopia),
comprehensive eye testing (examination of visual field), genotyping
(APOE4), and neuroimaging (PET, MRI, SPECT, and DAT scans)
were not conducted. These limit us in examining if an association
exists between a particular cause of visual impairment and a particular subtype of dementia. Last, one should exercise caution when
generalizing our findings to older populations of other ethnicities
or with more comorbidities, because our participants were ethnic
Chinese, had a relatively lower educational level, and were relatively healthy.

Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. XX, No. XX

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31. Lee ATC, Richards M, Chan WC, Chiu HFK, Lee RSY, Lam LCW. Lower
risk of incident dementia among Chinese older adults having three servings
of vegetables and two servings of fruits a day. Age Ageing. 2017;46:773–
779. doi: 10.1093/ageing/afx018
32. Roberts KL, Allen HA. Perception and cognition in the ageing brain:
a brief review of the short- and long-term links between perceptual
and cognitive decline. Front Aging Neurosci. 2016;8:39. doi: 10.3389/
fnagi.2016.00039
33. Leon M, Woo C. Environmental enrichment and successful aging. Front
Behav Neurosci. 2018;12:155. doi: 10.3389/fnbeh.2018.00155
34. Wen YH, Wu SS, Lin CH, et al. A Bayesian approach to identifying new
risk factors for dementia: a nationwide population-based study. Medicine
(Baltimore). 2016;95:e3658. doi: 10.1097/MD.0000000000003658
35. Lee CS, Larson EB, Gibbons LE, et al. Associations between recent and established ophthalmic conditions and risk of Alzheimer’s
disease. Alzheimers Dement. 2019;15:34–41. doi: 10.1016/j.jalz.2018.
06.2856
36. Sanda N, Cerliani L, Authié CN, et al. Visual brain plasticity induced by
central and peripheral visual field loss. Brain Struct Funct. 2018;223:3473–
3485. doi: 10.1007/s00429-018-1700-7
37. Lou AR, Madsen KH, Julian HO, et al. Postoperative increase in grey
matter volume in visual cortex after unilateral cataract surgery. Acta
Ophthalmol. 2013;91:58–65. doi: 10.1111/j.1755-3768.2011.02304.x
38. Fukuoka H, Sutu C, Afshari NA. The impact of cataract surgery on cognitive function in an aging population. Curr Opin Ophthalmol. 2016;27:3–
8. doi: 10.1097/ICU.0000000000000226
39. Lin H, Zhang L, Lin D, et al. Visual restoration after cataract surgery promotes functional and structural brain recovery. EBioMedicine.
2018;30:52–61. doi: 10.1016/j.ebiom.2018.03.002
40. Maharani A, Dawes P, Nazroo J, Tampubolon G, Pendleton N; SENSECog WP1 group. Cataract surgery and age-related cognitive decline: a
13-year follow-up of the English Longitudinal Study of Ageing. PLoS
One. 2018;13:e0204833. doi: 10.1371/journal.pone.0204833
41. Leporé N, Shi Y, Lepore F, et al. Pattern of hippocampal shape and
volume differences in blind subjects. Neuroimage. 2009;46:949–957. doi:
10.1016/j.neuroimage.2009.01.071
42. Chen WW, Wang N, Cai S, et al. Structural brain abnormalities in patients
with primary open-angle glaucoma: a study with 3T MR imaging. Invest
Ophthalmol Vis Sci. 2013;54:545–554. doi: 10.1167/iovs.12-9893
43. Frezzotti P, Giorgio A, Motolese I, et al. Structural and functional brain
changes beyond visual system in patients with advanced glaucoma. PLoS
One. 2014;9:e105931. doi: 10.1371/journal.pone.0105931
44. Wang J, Li T, Sabel BA, et al. Structural brain alterations in primary open
angle glaucoma: a 3T MRI study. Sci Rep. 2016;6:18969. doi: 10.1038/
srep18969
45. Sabbah N, Sanda N, Authié CN, et al. Reorganization of early visual
cortex functional connectivity following selective peripheral and central
visual loss. Sci Rep. 2017;7:43223. doi: 10.1038/srep43223
46. Nuzzi R, Dallorto L, Rolle T. Changes of visual pathway and brain connectivity in glaucoma: a systematic review. Front Neurosci. 2018;12:363.
doi: 10.3389/fnins.2018.00363
47. Lane CA, Barnes J, Nicholas JM, et al. Associations between blood pressure across adulthood and late-life brain structure and pathology in the
neuroscience substudy of the 1946 British birth cohort (Insight 46): an
epidemiological study. Lancet Neurol. 2019;18:942–952. doi: 10.1016/
S1474-4422(19)30228-5
48. Lane CA, Barnes J, Nicholas JM, et al. Associations between vascular risk across adulthood and brain pathology in late life: evidence
from a British birth cohort. JAMA Neurol. 2019:1–9. doi: 10.1001/
jamaneurol.2019.3774

Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/doi/10.1093/gerona/glaa036/5733633 by UCL, London user on 20 April 2020

15.

Salisbury Eye Evaluation Study. JAMA Ophthalmol. 2018;136:989–995.
doi: 10.1001/jamaophthalmol.2018.2493
Swenor BK, Wang J, Varadaraj V, Rosano C, Yaffe K, Albert M,
Simonsick EM. Vision impairment and cognitive outcomes in older adults:
the Health ABC Study. J Gerontol A Biol Sci Med Sci. 2019;74:1454–
1460. doi: 10.1093/gerona/gly244
Davies-Kershaw HR, Hackett RA, Cadar D, Herbert A, Orrell M,
Steptoe A. Vision impairment and risk of dementia: findings from the
English Longitudinal Study of Ageing. J Am Geriatr Soc. 2018;66:1823–
1829. doi: 10.1111/jgs.15456
Brenowitz WD, Kaup AR, Lin FR, Yaffe K. Multiple sensory impairment
is associated with increased risk of dementia among black and white older
adults. J Gerontol A Biol Sci Med Sci. 2019;74:890–896. doi: 10.1093/
gerona/gly264
Rogers MA, Langa KM. Untreated poor vision: a contributing factor to
late-life dementia. Am J Epidemiol. 2010;171:728–735. doi: 10.1093/aje/
kwp453
Naël V, Pérès K, Dartigues JF, et al.; Sense-Cog consortium. Vision loss
and 12-year risk of dementia in older adults: the 3C cohort study. Eur J
Epidemiol. 2019;34:141–152. doi: 10.1007/s10654-018-00478-y
Evans J. Complex relationships between vision and cognition in
older people. JAMA Ophthalmol. 2017;135:971–972. doi: 10.1001/
jamaophthalmol.2017.2843
Liao H, Zhu Z, Peng Y. Potential utility of retinal imaging for Alzheimer’s
disease: a review. Front Aging Neurosci. 2018;10:188. doi: 10.3389/
fnagi.2018.00188
Chiquita S, Rodrigues-Neves AC, Baptista FI, et al. The retina as a window
or mirror of the brain changes detected in Alzheimer’s disease: critical
aspects to unravel. Mol Neurobiol. 2019;56:5416–5435. doi: 10.1007/
s12035-018-1461-6
Varin M, Kergoat MJ, Belleville S, et al. Age-Related eye disease and participation in cognitive activities. Sci Rep. 2017;7:17980. doi: 10.1038/
s41598-017-18419-2
Lee ATC, Richards M, Chan WC, Chiu HFK, Lee RSY, Lam LCW.
Association of daily intellectual activities with lower risk of incident dementia among older Chinese adults. JAMA Psychiatry. 2018;75:697–703.
doi: 10.1001/jamapsychiatry.2018.0657
U.S. National Library of Medicine. Visual acuity test. https://medlineplus.
gov/ency/article/003396.htm. Accessed December 4, 2019.
American Academy of Ophthalmology. All About the Eye Chart. https://
www.aao.org/eye-health/tips-prevention/eye-chart-facts-history. Accessed
December 4, 2019.
World Health Organization. International Statistical Classification of Diseases
and Related Health Problems, 10th revision. World Health Organization;
2004. http://apps.who.int/classifications/apps/icd/icd10online2004/fr-icd.htm.
Accessed August 28, 2019.
Morris JC. Clinical dementia rating: a reliable and valid diagnostic and staging
measure for dementia of the Alzheimer type. Int Psychogeriatr. 1997;9(Suppl
1):173–176; discussion 177. doi: 10.1017/s1041610297004870
World Health Organization expert consultation. Appropriate bodymass index for Asian populations and its implications for policy and
intervention strategies. Lancet. 2004;363:157–163. doi: 10.1016/
S0140-6736(03)15268-3
Leung GT, Leung KF, Lam LC. Classification of late-life leisure activities among elderly Chinese in Hong Kong. East Asian Arch Psychiatry.
2011;21:123–127.
Lee AT, Richards M, Chan WC, Chiu HF, Lee RS, Lam LC. Intensity
and types of physical exercise in relation to dementia risk reduction in
community-living older adults. J Am Med Dir Assoc. 2015;16:899.e1–
899.e7. doi: 10.1016/j.jamda.2015.07.012

7

