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Review

Abstract
With the aging of the global population, the health care burden 
of Alzheimer ’s disease (AD) and dementia is considered 
to increase dramatically in the coming decades. Given the 
insufficiency of effective interventions for AD and dementia, 
clinical research on identifying potentially modifiable risk 
factors and early diagnostic biomarkers becomes a public 
health priority. Currently, extracerebral manifestations with a 
large proportion of ocular involvement are usually recognized 
to precede the symptoms of AD and dementia. Growing 
epidemiologic evidence also suggests that eye disorders, such 
as cataracts, age-related macular degeneration, glaucoma, 
diabetic retinopathy, and so on, are closely associated with 
and even have a higher incidence of AD and dementia. The 
eye, as an extension of the central nervous system, therefore 
has the potential to provide a feasible approach to detecting 
structural and functional abnormalities of the brain. Numerous 
new imaging modalities are developed and give novel insights 
into the detection of several neurodegenerative, vascular, 
neuropathological, and other ocular abnormalities of AD and 
dementia in scientific research and clinical application. This 
review provides an overview of the epidemiologic associations 
between eye disorders and AD or dementia and summarizes 
the recent advances in ocular examinations and techniques 
employed for the detection of AD and dementia. With more 
brain-and-eye interconnections being identified, the eye is 
becoming a noninvasive and easily accessible window for the 
early diagnosis and prevention of AD and dementia. 

Key words: Eye, ocular disorder, ocular examination, Alzheimer’s 
disease, dementia.

Introduction

With an increase in life expectancy, the 
prevalence of neurodegenerative diseases 
is projected to increase substantially. As a 

typical neurodegenerative disease, Alzheimer’s disease 
(AD) is considered the most familiar type of dementia, 
accounting for about 60-80% of dementia cases globally, 
and compromises the care delivery for the aging 
population as a public health issue (1, 2). Hallmarked by 
decline in cognition and impediment of independence 
with a population over the age of 65, AD is imposing 

unprecedented stress on both family and society 
worldwide, and has significant social and economic 
implications (3, 4). Given the current insufficiency of 
effective strategies to restrain the progression of the 
disease, research on identifying and intervening with 
potentially modifiable risk factors, as well as developing 
an early and accurate diagnosis of AD, becomes a public 
health priority.   

Similar to AD, the prevalence of visual impairment 
is also projected to increase with the aging population. 
It is particularly noteworthy that those elderly with 
a co-occurrence of cognitive and visual impairments 
compose a more general and vulnerable population 
who have a potentiated risk of hospitalization and lead 
to higher healthcare spending (5-7). The tenth annual 
American Geriatrics Society and National Institute 
on Aging conference reported that the comorbidity of 
cognitive and sensory impairments, especially vision and 
hearing impairments, is far more prevalent than expected 
(8). Visual impairment is also supposed to increase 
dementia risk via several mechanisms similar to hearing 
impairments, such as increasing cognitive demands, 
leading to social isolation and physical inactivity, and 
even causing structural and functional changes in the 
brain (8, 9). Compared to the irreversible processes of 
AD and dementia, it is usually possible to prevent and 
cure visual impairment via common medications and 
interventions, such as cataract surgery and eyeglasses. 
Therefore, eye disorders are considered potentially 
modifiable and preventable risk factors for AD, and 
the investigation of the association between them is 
especially important. 

Currently, AD and dementia are found to have 
unexpected extracerebral correlations with a large 
proportion of ocular involvement instead of simply being 
restricted to the brain. Generally, visual impairment was 
found to be associated with an increased incidence of 
dementia in a meta-analysis of 14 prospective cohort 
studies (10). Several eye disorders, such as cataracts, 
age-related macular degeneration (AMD), glaucoma, 
diabetic retinopathy, and so on, are also reported to be 
associated with AD and dementia (11-14). Although 
findings from the current epidemiologic research that 

Beyond Vision: A View from Eye to Alzheimer’s Disease and Dementia
C. Zheng1,2, R. Zeng1, G. Wu2, Y. Hu2, H. Yu2,3

1. Shantou University Medical College, Shantou, China; 2. Guangdong Eye Institute, Department of Ophthalmology, Guangdong Provincial People’s Hospital 
(Guangdong Academy of Medical Sciences), Southern Medical University, Guangzhou, China; 3. Guangdong Provincial Key Laboratory of Artificial Intelligence in 
Medical Image Analysis and Application, Guangzhou, China

Corresponding Author: Prof. Honghua Yu, Guangdong Provincial People’s Hospital (Guangdong Academy of Medical Sciences), Southern Medical University, Guangzhou 
510080, China. Tel: 86-186-8888-8422.Fax: 86-8382-7812, E-mail: yuhonghua@gdph.org.cn; Prof. Yijun Hu, Guangdong Provincial People’s Hospital (Guangdong Academy 
of Medical Sciences), Southern Medical University, Guangzhou 510080, China. Tel: 86-137-1052-6990. Fax: 86-8382-7812; E-mail: huyijun2014@163.com

J Prev Alz Dis 2024;2(11):469-483
Published online September 15, 2023, http://dx.doi.org/10.14283/jpad.2023.118



470

VIEW FROM EYE TO ALZHEIMER’S DISEASE AND DEMENTIA

studied the interconnections between eye disorders and 
AD were inconsistent, these findings indicated that the 
evaluation of visual impairments and eye disorders may 
be beneficial to identify the elderly with a high risk of 
developing AD and dementia. With increasing evidence 
of brain-and-eye interconnections being identified, the 
elderly with both visual impairment and dementia may 
benefit from ocular interventions that could improve 
vision and cognition. 

In addition to the epidemiologic associations, there 
are increasing studies indicating that ophthalmological 
assessments have detected a number of ocular changes 
and biomarkers that have implications for the early 
diagnosis of dementia and AD. Over the past decades, 
besides traditional physical examinations, numerous 
new approaches,  including optical  coherence 
tomography (OCT), OCT angiography (OCTA), 
dynamic vessel analyzer (DVA), and so on, have been 
developed to offer quantitative assessment of ocular 
indicators. Various studies have reported several 
neurodegenerative, vascular, neuropathological, and 
other ocular abnormalities experienced by AD patients 
(15-18). The ocular manifestations, especially those of the 
retina, show many correlations with the central nervous 
system and often mirror dementia processes ongoing 
elsewhere in the brain (19). With deeper understandings 
of the epidemiological findings and great advances in 
technologies, ocular abnormalities have been increasingly 
recognized as potentially modifiable risk factors and 
novel non-invasive biomarkers for AD in the general 
population. It could also have a considerable impact on 
utilizing ocular examinations and biomarkers for the 
early detection and prevention of AD and dementia in the 
near future. 

In this review, we would like to provide an overview of 
the plausible association between visual impairments and 
eye diseases in AD and dementia since the last decade, 
and summarize the recent advances in clinical application 
of ocular examinations and techniques employed to 
investigate the ocular indicators for the detection of AD 
and dementia. 

Interconnection between eye disorders and 
Alzheimer’s disease or dementia

Visual Impairment and dementia 

Similar to dementia, visual impairment is another 
serious concern among the elderly, and has significant 
negative impacts on both physical and psychosocial 
health (20). It is gradually being considered a comorbidity 
that increases the risk of disability in patients with 
cognitive impairment. Current studies usually employ 
different metrics to make a classification of cognitive 
impairment, but generally, dementia denotes a more 
severe and general pathology that impairs numerous 
cognitive domains and disturbs daily activities. In this 

context, as a general manifestation and indicator of 
having eye disorders, visual impairment is typically 
defined by visual acuity, and its association with 
dementia is popularly discussed in many epidemiological 
studies. 

Prior cross-sectional studies have suggested that there 
was a positive association between visual impairment 
and cognitive decline. A study from Court and his 
colleagues with a representative sample of older UK 
adults found that patients with visual impairment were 
more likely to have multiple health comorbidities than 
those without. After being standardized by age, gender, 
and social deprivation, dementia was more prevalent in 
patients with visual impairment (20). Using a nationally 
representative sample of older US adults, Chen and his 
colleagues reported that distance visual impairment 
and subjective visual impairment were associated with 
lower cognitive function scores compared to those with 
normal vision, which remained significant even after 
adjusting confounders (21). Similarly, in Chinese older 
adults with visual impairment, there was supposed 
to be an increased risk of severe to extremely severe 
dementia, which was more prominent with a combination 
of hearing impairment (22). Moderate and poor self-rated 
visions were was found to be independently associated 
with dementia both cross-sectionally and longitudinally 
by Davies-Kershaw et al. in individuals aged 50 and older 
(23). Patients with visual impairment were also shown to 
have a 1.5 times increased risk of dementia in a recently 
published brief report (24). 

In addition to the cross-sectional studies, several 
longitudinal studies examined the potential risk of visual 
impairment on cognitive decline, though some of them 
reported inconsistent evidence. In a retrospective cohort 
study by Rogers et al., the development of dementia was 
found to be associated with poor vision, the risk of which 
was observed to be 63% lower in individuals with very 
good or excellent baseline vision during a mean follow-
up period of 8.5 years (25). Likewise, the US Medicare 
population with baseline self-reported visual impairment 
was considered to have a greater likelihood of dementia 
over subsequent follow-up, and vice versa, which meant 
that the association was bidirectional and multifactorial 
(26). In prospective studies, Zheng et al. and Lim 
et al. assessed cognitive status using scales and both 
indicated that older individuals who suffered from visual 
impairment over the years were thought to experience 
a greater magnitude of cognitive decline, further 
highlighting the significance of vision preservation in 
elderly people (27, 28). Interestingly, a study found that 
moderate to severe near visual impairment could increase 
the risk of dementia by 2 times in the first 2 years and 
1.8 times from 2 to 4 years of follow-up, though the 
association was not significant beyond 4 years (29). While 
mild near visual impairment was associated with an 
increased risk of dementia only in the first 2 years of 
follow-up, indicating that near visual impairment might 
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be an indicator of dementia risk in the short and middle 
term (29). Poor vision was also found to be associated 
with the transition to cognitive impairment in Ehrlich’s 
study (30). Moreover, several prospective studies 
concluded similar findings that a more severe visual 
impairment was associated with a higher incidence of 
dementia (31-34). When considered together with visual 
and hearing impairment, dual sensory impairment was 
found to have a higher hazard of dementia incidence both 
cross-sectionally and longitudinally (35, 36). Previously, 
Pabst et al. debated that in their population-based 
prospective cohort study, only hearing impairment was 
associated with an increased risk of all-cause dementia, 
while either the additional presence or absence of visual 
impairment had no excess risk or risk compensation (37). 
However, the latest findings of Kuo et al. suggested that 
patients with dual sensory impairment have a higher 
7-year hazard of dementia compared to those without 
(35). A multicenter study from the US further confirmed 
that dual sensory impairment has a 160% greater risk for 
all-cause dementia and a 267% greater risk for AD (36).

Recent meta-analyses were performed to verify a clear 
association between visual impairment and dementia. 
By pooling data from prospective cohort studies, Shang 
et al. reported that the pooled relative risk associated 
with visual impairment was 1.47 for incident dementia 
and 1.35 for incident cognitive impairment, respectively 
(10). Another meta-analysis performed by Kuźma et al. 
also indicated that visual impairment was associated 
with a 1.38-fold increased risk of all-cause dementia (38). 
In addition, some specific types of visual impairment, 
such as visual field defects, vision-specific functioning, 
visual contrast sensitivity, and vision-specific mobility, 
were reported to be associated with cognitive 
impairment, dementia, and AD (39-41). Therefore, 
these studies indicate that worsening vision could be 
adversely associated with future cognitive functioning, 
and maintaining good vision is a significant strategy for 
mitigating cognitive decline in the elderly.

With a deeper understanding, the association between 
visual impairment and dementia is supposed to be 
interrelated and multifactorial, which potentially reflects 
that greater cognitive load is related to lower vision, 
underlying brain structural and functional changes, 
and social isolation caused by poor vision. This is well-
discussed and there have been several possibilities 
proposed to explain the association. Firstly, visual 
disturbances have been described as one of the earliest 
manifestations of dementia, since AD is thought to affect 
the visual pathway and cause further visual impairment 
(26), and both of them may have common risk factors and 
share the same spectrum of diseases that are involved 
in cognitive performance decline. Secondly, patients 
with visual impairment may reduce social engagement, 
leading to less cognitive stimulation and higher rates of 
depression, which then increases the risk of dementia (42, 
43). Alternatively, inadequate sensory input would cause 
neuronal atrophy. Patients usually suffer from visual 

recognition defects due to damage in the associative 
visual areas (44, 45). Finally, more perception and 
interpretation were needed for sensory information in 
patients with visual impairment, and therefore more 
cognition burden would be taxed and increase the risk 
of dementia (26). The combination of visual impairment 
and dementia has even greater functional defects than 
either alone due to the interaction between them (7). With 
further investigation of the association between visual 
impairment and dementia, it will be beneficial when 
dealing with the growing population of older people 
affected by each. 

Cataracts and Alzheimer’s disease or dementia

Cataracts are characterized by the opacity of the 
lens, which is thought to be heavily age-related and has 
remained the largest contributor to blindness in adults 
aged over 50 globally. It was also estimated by the WHO 
that there were 95 million visually impaired people due to 
cataracts in 2020 (46). Although the typical manifestation 
of dementia and AD is memory impairment, recent 
studies have indicated that cataracts might be a non-
memory manifestation of AD. 

There are several population-based cohort studies that 
explore the association between cataracts and dementia 
or AD. In a retrospective cohort study conducted by Lai 
et al. in Taiwan, individuals with cataracts were found 
to have a 1.43-fold increased risk of developing AD 
compared to the non-cataracts group (11). In subgroup 
analyses, even after 8 years of diagnosing cataract, the 
risk of developing AD remained markedly high, with an 
adjusted hazard ratio (HR) of 2.41 and a 95% confidence 
interval (CI) of 1.29 to 4.49 (11). More recently, in another 
population-based cohort study, when cataracts were 
combined with a systemic condition, such as stroke, heart 
disease, obesity, hypertension, diabetes, or depression, 
it was reported to have 1.19 to 2.29 times increased risk 
of developing dementia compared with individuals 
without either cataracts or systemic condition (47). Similar 
findings were also demonstrated by a prospective study 
of Hwang et al. that cataracts were strongly positively 
associated with an increased risk of AD and all-cause 
dementia during an average of 4.1 years of follow-up 
(48). After variable adjustment, cataracts were reported 
to significantly increase 34% risk of developing AD (48). 
Moreover, another prospective cohort study with an 
8.4-year follow-up time also indicated that patients with 
non-surgical cataracts had a greater risk of all-cause 
dementia and AD (49). However, in patients from the 
Adult Changes in Thought study, cataracts were not 
a significant risk factor for probable and possible AD 
development either within 5 years or over 5 years after 
cataracts were diagnosed (50). The authors suggested that 
using a simplistic model to assess the association between 
eye diseases and the risk of AD was insufficient and 
further study was needed (50).
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Early in the last decade, the coexistence of cataracts and 
dementia aroused the interest of scientists. Approximately 
5% of ophthalmology outpatient attendances over 60 
years old in the UK each year would be expected to 
develop dementia, and the considerable overlaps of 
visual symptoms in patients with cataracts and dementia 
caused difficulty in diagnosis (51). A meta-analysis 
conducted by Kuźma et al. generated pooled estimates 
that cataracts were associated with an increased risk of 
all-cause dementia and AD (38). Since cataracts are an 
avoidable cause of blindness, cataract surgery is a key 
focus of eye health services and will contribute to an 
impactful reduction in the prevalence of vision loss (52). 

Age-related macular degeneration and 
Alzheimer’s disease or dementia

As a leading cause of central vision loss in the elderly, 
AMD is projected to affect 288 million patients by 2040 
(53). Characterized by the accumulation of drusen at 
the central retina, AMD is a multifactorial disease with 
a combination of aging, genes, and environmental 
factors. The pathogenesis of AMD is still unclear, and 
it is a prevalent neurodegenerative disease strongly 
associated with multiple risk factors that are similar to 
dementia and AD (54). However, in recent observational 
epidemiological studies, the association between AMD 
and dementia is still a subject of debate, and controversy 
exists about the potential associations between AMD and 
dementia. 

Several longitudinal studies have suggested a 
positive association between AMD and dementia. Early 
in 2012, Woo and his colleagues reported that lower 
global cognition scores were found in patients with 
AMD compared to normal controls, especially those 
of the geographic atrophy subtype, and they also had 
a 3.127 times higher risk of developing mild cognitive 
impairment (55). The study also found a trend that 
the severity of AMD was positively correlated to the 
worsening of cognition function (55). A case-control 
study based on the Taiwan population similarly found 
that during a mean follow-up time of 4.4 years, patients 
with AMD had a significantly higher incidence of 
both senile dementia and AD compared with normal 
controls (56). Under stratified analyses, non-exudative 
AMD, rather than exudative AMD, was found to have 
a 1.44-fold higher risk of senile dementia and AD (56). 
Lee’s cohort study also mentioned that both recent and 
established AMD were significantly associated with all-
cause dementia (50). For the incidence of AD, there was 
a 50% increased risk of AD for those with established 
AMD (50). Similar results were found in the Korean 
population, where participants with AMD had a 1.48-fold 
higher incidence of AD compared to those without (57). 
Additionally, AMD was found to be associated with an 
87% greater risk of AD in Hwang’s study (48). Another 
population-based cohort study also reported a 1.26-fold 

greater risk of incident dementia after adjusting multiple 
variables (47). It is worth noting that comorbidity of 
AMD with any systemic disease had a higher incidence 
of dementia compared to having AMD or a systemic 
disease only, and of all the combinations of AMD and a 
systemic condition, AMD-diabetes had the highest risk 
(47). Therefore, potential cognitive impairment should be 
noticed in the visual rehabilitation of patients with AMD. 

Although the abovementioned studies suggested a 
potentially positive association, other investigations cast 
doubt on it. Based on gold-standard histopathology, a 
cross-sectional study used 157 autopsy specimens with 
postmortem diagnoses of AMD and AD failed to support 
an increased prevalence of AD among patients with 
AMD, even when the severity of AMD was categorized 
(58). It also found that the incidence of AD was 
significantly lower in patients with AMD after adjusting 
multiple variables (58). In the latest cross-sectional study 
by Chua and his colleagues, no association was found 
between AMD and cognitive impairment or AD (59). 
For longitudinal studies, Keenan’s study suggested that 
there was no association between AMD and the risk of 
subsequently developing dementia or AD, and vice versa, 
which provided observational evidence that patients with 
dementia in England may have a substantially lower 
likelihood of receiving AMD treatment (60). In a 10-year 
multicenter randomized trial that enrolled participants 
from the Age-Related Eye Disease Study 2 and assessed 
the bidirectional associations, the authors concluded that 
cognitive impairment was prospectively and positively 
associated with late AMD progression, however, the 
association between baseline AMD severity and the 
incidence of cognitive impairment was not observed (12). 

Finally, meta-analyses have found inconsistent results. 
A recent meta-analysis by Rong and his colleagues 
summarized 21 studies and found that patients with 
AMD were significantly associated with an increased 
risk of cognitive impairment and AD (61). When 
assessing cognitive function using scales, patients with 
AMD were found to have poorer cognitive functions 
than healthy people (61). On the contrary, Kuźma et al. 
enrolled 7,800,692 participants with more than 2,559 
cases reported that there was no evidence of a significant 
association between AMD and dementia or AD under 
pooled estimation (38). Although there have been a 
profusion of studies investigating their associations, there 
is, as yet, no definitive conclusion to whether AMD is 
significantly associated with the incidence of dementia 
or AD, and their clinical links are even contradictory 
presently. The heterogeneity of the current observational 
results is potentially due to inevitable discrepancies in the 
study population, study designs, AMD subtypes, and so 
on in different studies. Additionally, reverse causality is 
commonly seen, and Mendelian randomization analysis 
was performed to investigate the causal association 
between AMD and AD in Jiang’s study, in which they 
found no statistical causal effect of advanced AMD on 
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AD risk (62). Nonetheless, research on the association 
between these two diseases is still of great clinical 
significance. 

Glaucoma and Alzheimer’s disease or dementia

Glaucoma is composed of a heterogeneous group of 
optic nerve diseases that are characterized by retinal 
ganglion cell death and irreversible visual field loss, 
which is the second leading cause of blindness globally 
(63). Although it is considered a neurodegenerative 
disease that shares several common characteristics with 
dementia or AD, there have been inconsistent results 
demonstrated by different observational studies.

Generally, a population-based case-control study 
conducted by Lai and his colleagues found that older 
people with glaucoma were associated with a 1.5-times 
greater risk of AD in Taiwan (64). A 1.46-fold increased 
AD risk for glaucoma diagnoses within 5 years was also 
reported in Lee’s cohort study (50). Glaucoma diagnosed 
within 5 years was also found to be a risk factor for all-
cause dementia (50). However, there were inconsistent 
findings reported by other studies. Hwang’s population-
based prospective study found that glaucoma was not 
significantly associated with an increased incidence of 
dementia (48). In addition, it explained that this null 
association may be due to the limitations of data sources 
(48). In a population-based cohort study based on the 
UK Biobank, glaucoma was not associated with a higher 
risk of all-cause dementia or AD even after adjusting 
confounders (47). However, when glaucoma is comorbid 
with a systemic disease, there is a significantly increased 
incidence of dementia (47). 

There were several studies investigating the 
associations between different glaucoma subtypes and 
dementia. In a population-based cohort study with a 
3-year follow-up, the results found that patients with 
open-angle glaucoma (OAG) had a 4 times higher 
incidence of developing dementia after adjusting 
confounders (13). Nevertheless, other researchers 
reached different conclusions. In a cross-sectional 
study that recruited individuals resided in Stockholm 
found that in both males and females, the prevalence 
of primary open-angle glaucoma (POAG) in dementia 
decreased with an adjusted odd ratio of 0.653 and 0.714 
respectively, though the authors explained that their 
findings were probably due to an underestimation of 
glaucoma in dementia patients (65). A cohort study 
performed by Keenan and his colleagues also supported 
the findings that patients with POAG did not have an 
elevated risk of AD as expected (66). As a subtype of 
POAG, normal-tension glaucoma (NTG) is characterized 
by glaucomatous changes without ocular hypertension 
(67). In the participants recruited from the Australian 
and New Zealand Registry of Advanced Glaucoma, 
Mullany and his colleagues conducted a case-control 
and cross-sectional cognitive screening and found a 

significantly positive association between NTG status 
and cognitive impairment (68). Moreover, they also 
indicated that, compared to high-tension glaucoma, 
cognitive impairment was 2.2-fold more prevalent in the 
NTG cohort (68). As one type of secondary open-angle 
glaucoma, pseudoexfoliation glaucoma was also assessed 
and showed that the prevalence of it was not significantly 
correlated with dementia (69). There is a recent meta-
analysis summarizing the association between glaucoma 
and dementia or AD, but no evidence was found on the 
association between glaucoma and the risk of dementia 
among the 175,357 participants and 44,144 cases enrolled 
(38).  

The abovementioned findings from individual studies 
remind us that despite the fact that glaucoma shares 
similar neurodegenerative characteristics with dementia 
or AD, there are several features that set glaucoma 
apart and further studies are warranted to classify their 
associations. 

Diabetic retinopathy and Alzheimer’s disease or 
dementia

Although the explicit mechanisms underlying diabetes 
mellitus and dementia remain elusive, increasing findings 
suggest that it is the role of microvascular dysfunction 
and normal neurovascular coupling disruption that 
accounts for their closed correlation (70). Given that 
the presence of diabetic retinopathy (DR) is due to 
neurovascular dysfunction of the retina and the retina is 
thought to be an extension of the brain, the association 
between the presence of DR and dementia has gradually 
become a popular area of interest. 

There is a certain amount of longitudinal research 
showing a significantly positive association. In the 
Edinburgh Type 2 Diabetes Study, increasing severity 
of retinopathy was suggested to be independently 
associated with cognitive decline (71). In a cohort study 
with a median of 4 years of follow-up, DR was reported 
to be positively correlated with the increased risk of 
mild cognitive impairment, and this result remained 
significant after confounder adjustments (72). Similarly, 
in a recent prospective cohort study recruiting patients 
in southern Brazil, DR was shown to have a 2.5-fold 
greater possibility of having cognitive impairment 
(73). Patients with DR were estimated to have a 42% 
increased incidence of dementia in another cohort 
study by Exalto and his colleagues, including 29,961 
patients with type 2 diabetes aged over 60 years old, 
and further consideration of diabetes-specific and 
vascular-related disease conditions still came out with 
a positive association (74). Increased dementia and AD 
risks were found in both recent 5 years and more than 
5 years earlier of DR diagnosed in a population-based 
cohort study by Lee and his colleagues (50). A recent 
study based on the UK Biobank also indicated that, 
generally, diabetes-related eye diseases in patients with a 
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systemic disease were correlated with an increased risk 
for incident dementia (47). Interestingly, a cross-sectional 
study enrolled patients from the South East London 
Diabetic Retinopathy Study and showed that patients 
with minimal DR had more severe cognitive impairment 
than those with advanced DR, which indicated that there 
was an inverse association between the severity of DR 
and cognitive impairment (75). Nevertheless, similar to 
other eye disorders, findings are not always consistent. 
In a multiethnic Asian population, a cross-sectional study 
showed that although patients with AD were 3-fold 
more likely to develop DR compared to those with no 
cognitive impairment in several multivariable models, 
this association was no longer significant after adjusting 
for the presence of diabetes (59). This might suggest a 
false positive result. In a population-based cohort study, 
there was no significant association between DR and all-
cause dementia or AD after adjustment for confounders 
(48). 

Contrary to the conflicting conclusions of the 
individual studies, pooled estimations in several systemic 
reviews and meta-analyses draw a consistently positive 
conclusion. In a systemic review summarized data on 
2094 patients, results showed that there was an increased 
risk of developing cognitive impairment in DR patients 
compared to controls (76). Especially, authors also 
reported that DR was more strongly correlated with 
impairment in the verbal learning and recent memory 
cognitive domains (76). Similarly, the association between 
DR and cognitive impairment was considered to be 
significantly positive in Cheng’s study, which included 
15 studies for systemic review and 10 studies for meta-
analysis (77). A pooled estimation of a 34% increase in all-
cause dementia risk was suggested to be associated with 
DR among 43,658 participants, and the corresponding 
estimation was 29% for AD among 9,955 participants 
compared to patients without retinopathy (38). Moreover, 
Chan and coworkers included 17 cross-sectional and 6 
longitudinal studies to demonstrate comprehensively the 
association between DR and different stages of cognitive 
impairment (14). Their results showed that the existence 
of DR in patients with diabetes mellitus would cause 
a higher prevalence of cognitive impairment cross-
sectionally and escalate the risks of cognitive impairment 
development longitudinally (14).   

Since DR is considered a non-negligible risk factor for 
incident dementia, determining their observational and 
pathological associations is of great significance. If DR 
is proven to be a modifiable factor in future dementia 
development, therapeutic interventions should be taken 
to achieve early diagnosis and disease modification. 

Other eye disorders and Alzheimer’s disease or 
dementia

Despite the abovementioned eye disorders that are 
commonly considered to be associated with dementia or 

AD, there are other types of eye disorders that are less 
discussed but still worth attention. 

Retinal vein occlusion (RVO) is the second most 
common retinal vascular disease following DR, which is 
reported to have a higher incidence in elderly patients 
(78). Since RVO also affects the retinal blood flow as 
dementia does, it is becoming noteworthy and has 
been recently found to confer an increased dementia 
risk observationally. A cross-sectional study conducted 
by Chan and coworkers reported a significantly higher 
prevalence of dementia among patients with RVO 
compared to those without, which was still significant 
after adjustment for sex, hypertension, or diabetes 
(79). However, when adjusting for either age or stroke, 
significance no longer existed, which means that these 
were shared risk factors that affected their association 
(79). In the South Korean population, Nam and his 
colleagues conducted a retrospective cohort study and 
obtained a similar conclusion that patients with RVO 
had increased risks of subsequent all-cause dementia 
and AD after adjustment of all the confounding variables 
(80). However, whether it is the RVO per se that implies 
a cause-and-effect relationship with the incidence of 
dementia still needs further validation. 

Generally, retinopathy, which was defined as 
the presence of one or more dot/blot hemorrhages, 
microaneurysms, cotton wool spots, or evidence of laser 
treatment for retinopathy by Schrijvers and coworkers, 
was found to have nearly a 2-times higher prevalence 
in patients with dementia or AD cross-sectionally (81). 
When the authors further investigated the association 
between retinopathy and dementia or AD longitudinally, 
however, there was no significant association detected at 
baseline with incident dementia or AD (81). By contrast, 
in a cross-sectional study of 3,906 patients recruited 
from the AGES-Reykjavik Study, results showed that 
retinopathy lesions had significant association with 
dementia or AD (82). Specifically, they reported that 
there was no significant association between retinal 
focal arteriolar narrowing, arteriovenous nicking, and 
dementia (82). 

With the improvement and deeper investigation of 
clinical epidemiological research, the association between 
eye disorders and dementia or AD would be better 
understood, and having eye disorders may become one 
of the indicators and modifiable risk factors of potential 
dementia or AD development. 

Intervention to eye disorders for Alzheimer’s 
disease or dementia

As dementia imposes unprecedented pressure 
on patients and society around the world, it becomes 
increasingly crucial to identify modifiable risk factors 
to detect, prevent, or postpone the development of 
cognitive impairment and dementia. Increasing numbers 
of epidemiological studies provide evidence that visual 
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disturbances usually precede the symptoms of cognitive 
decline, and many eye disorders play an important role in 
the prevalence and incidence of dementia or AD. 

To estimate the proportion of dementia risk that 
may be caused by visual impairment, a recent study 
by Ehrlich et al. calculated the population attributable 
fraction of dementia associated with visual impairment 
and found that the population attributable fraction 
of visual impairment was 1.8%, suggesting that more 
than 100,000 prevalent dementia cases in the US could 
potentially have been prevented through healthy vision 
(24). Rogers and his colleagues suggested that for patients 
with poorer vision who did not visit an ophthalmologist, 
the risk of developing AD was increased by 9.5-fold and 
by 5-fold for cognitive impairment (25). The risk of AD 
could remain a 5-fold increase in poorer vision without 
prior eye surgery (25). Moreover, among Americans aged 
90 or older who maintained normal cognition, 77.9% of 
them had received at least one eye procedure, compared 
to only 51.7% among those with AD (25). Different from 
AD and dementia, there are effective interventions for 
eye disorders, since most of their causes are treatable or 
curable, such as wearing corrective lenses and having 
cataract surgery. These important findings indicated 
that addressing visual impairment may be a potential 
preventive strategy, and treating eye disorders may be 
modifiable risk factors for dementia and AD. 

Currently, surgery is the only curable treatment for 
cataracts. Cataract surgery is the most common surgery in 
ophthalmology and has brought certain health benefits to 
patients and society. Early in 2014, Yu and his colleagues 
performed a population-based cohort study in the Taiwan 
population and found that the rate of dementia was 
significantly lower in patients who underwent cataract 
surgery, with a HR of 0.77 (83). And a shorter interval 
between the date of the first diagnosis of cataracts and 
the date of cataract surgery, especially within 365 days, 
was significantly associated with a reduced risk of 
subsequent dementia (83). Later in 2021, Lee and his 
colleagues conducted a prospective, longitudinal cohort 
study and showed that patients who underwent cataract 
extraction were significantly associated with a reduced 
risk of dementia with a HR of 0.71 compared to those 
without after the control of additional factors (84). Similar 
findings were also indicated for the incidence of AD in 
Lee’s study (84). In a recent study published in 2022, Ma 
and his colleagues reported that patients who underwent 
cataract surgery had a 50% lower incidence of all-cause 
dementia and AD compared with non-surgical patients 
(49). Interestingly, although patients with cataracts had 
an increased risk of dementia, there was no difference 
between patients who underwent cataract surgery and 
healthy people, suggesting that cataract surgery may even 
reverse the risk of future dementia development (49). 
Therefore, since reversible visual impairment, such as 
cataracts, lacks specific measurements to effectively treat 
dementia and AD, interventions that could reduce their 
incidence deserve a great deal of attention.   

There were also other vision interventions, such as 
wearing glasses, rehabilitation training, and other eye 
surgeries. Nevertheless, there is yet no precise evidence 
for their positive impact on dementia or AD (85). In Lee’s 
study, glaucoma surgery, which did not restore vision, 
was not detected to have a significant association with 
the decreased risk of dementia, though they explained 
that this may be probably due to insufficient power in the 
analysis (84). However, since visual impairment and eye 
disorders are widely considered to be closely associated 
with dementia development, it is of great significance 
to perform future interventional research and trials 
about visual interventions or treatments for effectively 
alleviating cognitive impairment or even dementia. 

Implication of ocular examinations to detect 
Alzheimer’s disease or dementia

Besides the increasing observational epidemiological 
studies that implied the potential associations between 
certain eye disorders and dementia or AD, with the great 
advances in examination equipment, numerous structural 
and functional ocular changes are detected to be closely 
related or even of potential predictive values for dementia 
or AD assessment and diagnosis. 

Previously, diagnostic methods for dementia or AD 
were usually invasive, expensive, and time-consuming, 
including cerebrospinal fluid analysis, neuroimaging 
examination, neuropsychological assessment, blood 
examination, and so on (86). Although cerebrospinal 
fluid analysis and neuroimaging markers are gold 
standards for the diagnosis of dementia or AD, neither 
of them is cost-effective enough to be utilized as clinical 
screening and early diagnostic tools (87). Additionally, 
many clinical trials have been undertaken and some 
promising agents, such as lecanemab and donanemab, 
were supposed to contribute to slowing the cognition 
decline in patients with early symptomatic AD (88-91). 
These great advances in AD therapeutics have prompted 
a higher requirement for the earlier, possibly preclinical 
stage detection of the disease. Only with the redoubled 
efforts of early diagnosis of dementia using noninvasive, 
widely available, and sensitive methods or techniques 
could preventive therapy exert its maximum efforts on 
the therapeutic effect. 

Over the past few decades, numerous new imaging 
technologies, especially retinal imaging modalities, have 
been developed and hold promising fields in scientific 
research and clinical application. Ocular changes often 
precede brain symptoms, and the eye, as an extension 
of the central nervous system (CNS), therefore provides 
a noninvasive and easily accessible window for high-
resolution imaging of CNS tissue. Meanwhile, many 
neurodegenerative, vascular, neuropathological, 
and other ocular abnormalities can now be imaged at 
unprecedented resolution and demonstrated in many 
different forms (15-18). With the general application 
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and increased accuracy of new imaging modalities, 
the eye becomes a promising window for biomarker 
development and gives novel insights for the early 
diagnosis of dementia or AD. 

Detection of ocular neurodegenerative changes 
in Alzheimer’s disease or dementia

Growing evidence shows that the abnormalities in 
the brain of patients with AD share many similarities 
with those in the eyes. AD is represented by the loss of 
neurons and the weakening of synaptic plasticity in the 
cortical and specific subcortical regions (92). Patients with 
AD were also observed to have some neurodegenerative 
changes, such as loss of retinal ganglion cells (RGCs), 
thinning of the retinal nerve fiber layer (RNFL), and 
other structural and functional changes (93). All of 
these pathological changes serve as the basis for clinical 
application in determining the association between ocular 
changes in patients with AD. 

Among the commonly detected neurodegenerative 
changes, RNFL is most often measured and determined 
to have associations with the progression of AD. RNFL 
is composed of axons of the ganglion cells projected to 
the CNS through the optic nerve. Detected by OCT, the 
reduction of RNFL thickness was significantly found in 
patients with mild cognitive impairment, dementia, or 
AD when compared to controls (19, 94-98). A study in 
Spain reported that RNFL thickness were significantly 
thinner in all quadrants in patients with mild cognitive 
impairment and AD (94). In mild-moderate AD patients, 
a significant reduction of RNFL thickness was reported 
to be more evident in the superior quadrant (95). The risk 
of dementia and AD was increased and associated with 
thinner RNFL at baseline in a prospective population-
based cohort study conducted by Mutlu and his 
colleagues (97). In a Japanese study, the reduced thickness 
of the macular RNFL rather than the peripapillary RNFL 
(ppRNFL) was reported to be associated with dementia 
(99). Patients with AD were also reported to have a 
thinner average global circumpapillary RNFL thickness 
(96, 100). A cross-sectional imaging study reported 
that there were generalized decreases in the whole and 
individual retinal thickness among carriers of familial 
AD who were cognitively unimpaired years before 
clinical onset (101). Similarly, in patients at high genetic 
risk of sporadic AD, a significant volume reduction was 
observed (102). When performing the preclinical stage of 
AD screening in patients who are cognitively normal but 
have in vivo AD pathologic abnormalities, a reduction of 
RNFL thickness, particularly in the inferior quadrant, was 
detected (103). When combined with the use of magnetic 
resonance imaging for screening tests, another showed 
that thinner RNFL was associated with atrophy of visual 
and limbic networks that correlated with AD progression 
(104). When combined with the detection of cerebrospinal 
fluid, the RNFL and retinal ganglion cell layer were 

thinner in patients with the AD biomarker Tau protein 
(16). Subtle thickness changes in the inner nasal macular 
region were also detected in patients with subjective 
cognitive decline (17). A greater decline in processing 
speed from childhood to adulthood was suggested to 
be associated with a thinner RNFL (105). In contrast, a 
few studies did not identify significant differences in the 
RNFL thickness of cognitively impaired, dementia, or AD 
patients compared to controls (106-108). 

While the compositions of retinal ganglion cell-
inner plexiform layer (GC-IPL) correspond to gray 
matter components of the brain. GC-IPL thickness was 
found to be inversely associated with the presence of 
dementia (99). Interestingly, in Mutlu’s cohort study, 
thinner GC-IPL was associated with prevalent dementia 
but not with incident dementia (97). All macular and 
foveal thickness measurements were also thicker in the 
mild cognitive impairment group and controls than in 
the AD group (94). Byun and his colleagues reported a 
reduction of inner nasal macular thickness in patients 
who are cognitively normal but have in vivo AD 
pathologic abnormalities (103). In a study that randomly 
sampled community-dwelling Korean individuals, 
a thinner baseline total macular RNFL thickness was 
found to be associated with greater cognitive decline and 
a higher prevalence of cognitive impairment and AD 
(109). Recently, meta-analyses were conducted to generate 
pooled estimations between retinal measurements and 
dementia or AD. Chan’s study suggested that patients 
with AD showed significant differences in the thickness 
of GC-IPL, ganglion cell complex, ppRNFL, macular 
inner and outer sectors, and choroidal layers under the 
pooled estimation of 30 eligible studies (110). Ge and his 
colleagues also suggested thinner ppRNFL, total macular, 
and subfoveal choroid thickness in patients with AD (111). 

Detection of the pathological changes in the retina and 
optic nerve of patients with dementia or AD provides 
a critical approach to finding surrogate markers of 
the pathology in the central nervous system. With the 
subsequent evolution and general application of the 
updated imaging technology, there would be a greater 
characterization of the retinal layer changes associated 
with AD. 

Detection of ocular vasculature changes in 
Alzheimer’s disease or dementia

With the invention of ocular vascular imaging 
technology, ocular vasculature changes are visualized and 
measured easily and objectively, which are considered 
significant components in triggering the development 
of dementia and AD (17, 112). With the increasing 
clues of vascular changes being identified, it is of great 
significance to understand the specific pathophysiological 
processes that confer the development and progression of 
dementia and AD. 
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Early in 2013, Frost’s study measured the retinal 
vascular changes concerning brain amyloid plaque 
burden and AD (113). The authors investigated 19 
retinal vascular parameters from digital retinal color 
photographs, and a number of them were found to be 
significantly different in patients with AD (113). Later in 
2014, Cheung and coworkers conducted a case-control 
study and measured a spectrum of quantitative retinal 
microvascular parameters on retinal photographs (114). 
Their results suggested that patients with a narrower 
venular caliber and sparser and more tortuous retinal 
vessels were at higher risk of AD development (114). 
Similar findings were reported in another recent study 
(112). In a nested case-control study, generalized arteriolar 
narrowing was reported to be associated with a higher 
risk of disabling dementia after multivariable adjustment 
(115). Using the Dynamic Vessel Analysis system, the 
amplitude of retinal venous and arterial pulsations was 
detected and found to correlate with Aβ plaque load, 
which was related to the subsequent clinical dementia 
(19). Alterations in retinal arterial oscillations were also 
detected in patients with mild cognitive impairment and 
AD (116). 

With the application of OCTA, retinal vascular 
pathologies could be detected, and lower retinal vascular 
density, larger foveal avascular zone (FAZ), and lower 
choroidal thickness were suggested to be significantly 
associated with AD (98, 117-119). O’Bryhim and his 
colleagues persisted in a more than 3-year follow-up 
case-control study and proved that the FAZ was enlarged 
in cognitively healthy individuals with preclinical AD 
(98). The report of their first longitudinal follow-up 
further confirmed their previous results (117). In a cross-
sectional study enrolled patients with POAG and AD, 
significantly reduced vessel density in the deep vascular 
plexus and an enlarged FAZ were seen in patients with 
AD when compared to those in the POAG and control 
groups (119). When compared to controls, a significantly 
reduced macular vessel density in both superficial and 
deep capillary plexuses was seen in patients with AD 
(120). Another study measuring vessel length density 
also came out with a similar result (18). In a study 
investigating the choroidal structures, results showed that 
patients with AD were more likely to have a greater total 
choroidal area, greater luminal area, and lower choroidal 
vascularity index (121). Moreover, patients with retinal 
hemorrhages and arteriovenous nicking were reported to 
have higher odds of mild cognitive impairment/dementia 
with a primary or secondary diagnosis of cerebrovascular 
disease in a biracial population-based study (122). 

However, in another study that assessed patients 
with preclinical AD, the authors found no significant 
differences in FAZ between groups (123). No associations 
of vessel density and FAZ with global cognitive function 
or incident dementia were found in another population-
based study (124). Recent meta-analyses have also 
reported conflicting results. Katsimpris and his colleagues 
generated a pooled estimation of retinal vessel density 

for patients with AD and healthy controls, and they 
suggested that the vessel density of the whole and 
parafoveal superficial vascular plexus was significantly 
lower in AD (125). In an umbrella review performed by 
Costanzo and his colleagues, those ocular biomarkers 
with the best evidence were shown to have poor to 
moderate diagnostic accuracy (126). Nonetheless, it is 
valuable to investigate the association between vascular 
changes and the development of dementia or AD, 
since the retinal blood flow offers a unique and feasible 
window for measurements and potential biomarker 
identification. 

Detection of neuropathological features in 
Alzheimer’s disease or dementia

Besides neurogenerative and vascular changes detected 
in the eye, the typical neuropathological features of 
dementia or AD, amyloid β-protein (Aβ) plaques and 
tau deposits, are also suggested to be present in the 
degeneration of inner retinal layers.

The two classical neuropathological features of 
AD are neuronal and glial abnormal protein deposits 
of misfolded endogenous proteins, which were 
hallmarked as extracellular Aβ plaques and intracellular 
neurofibrillary tangles that generated from aggregation 
of hyperphosphorylated tau protein (pTau) (127, 128). In 
postmortem retinas of patients with AD, the accumulation 
of Aβ plaques was remarkably observed within the inner 
layers and around the melanopsin retinal ganglion cells  
(95, 129-131). As for the aggregation of tau protein, several 
studies revealed disparate results, while others were just 
performed on the animal level, and further investigation 
should be conducted (132-135).

In general, there is no consensus regarding the 
presence of Aβ and tau proteins in the retinas of patients 
with AD. Retinal Aβ and tau protein imaging has not 
yet been applied for clinical population-based screening. 
Future studies are needed to clarify the distribution, 
manifestation, and prevalence of them among AD and 
other diseases prior to widespread application. Moreover, 
the following studies are also important to determine if 
retinal Aβ loads persist over time and how these deposits 
change with disease progression (136).

Detection of other potential ocular modalities 
in Alzheimer’s disease or dementia

Other ocular detection modalities also provide 
important information about some ocular assessments of 
dementia or AD. 

Ocular motility was assessed and potentially 
supported a diagnosis of dementia or AD (137, 138). 
Pupillary light response may also be a biomarker in 
preclinical AD detection, since it is considered the 
integrity of the locus coeruleus, where the earliest AD 
neuropathology is detected (139, 140). Retinal oximetry 
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was developed to detect retinal vessel oxygen saturation, 
and retinal vessel oxygen saturation was significantly 
different in patients with dementia and AD (141, 
142). Detection of Apoptosing Retinal Cells, a recent 
advancement in retinal imaging technology, was used 
in conjunction with fluorescent annexin A5 to detect 
degenerating RGCs, allowing early visualization of AD 
and the association between eye disorders and the brain 
(143-145). Electroretinography was used to detect RCG 
dysfunction and investigate retinal electrophysiologic 
function, which could help document retinal functional 
changes that precede cognitive decline in AD (146). 
Additionally, tear fluid, which consists of an aqueous-
lipidic layer, provides proteomics and lipidomics analysis 
to detect biomarkers for numerous ocular and systemic 
conditions (147, 148). Corneal confocal microscopy was 
used to investigate corneal nerve fiber loss, which was 
found to be associated with cognitive function decline 
and loss of functional independence in patients with 
cognitive impairment and dementia (149). Recently, the 
retinal hyperspectral imaging technique was also used 
to identify AD-related early pathological changes in the 
retina (150, 151). The progression of new techniques 
provides a more visible and wider spectrum of ocular 
information for dementia and AD evaluation. 

Application of artificial intelligence

The development of next-generation computational 
techniques such as artificial intelligence (AI) and deep 
learning (DL) algorithms has further enhanced the 
potential of data-rich retinal imaging as a promising 
tool and a source of biomarkers for AD, particularly for 
individuals at the preclinical AD stage. AI, especially DL, 
has been trained to manage many layers of convolutional 
and non-linear operations based on deep neural 
networks to address previously unfeasible amounts of 
data. Coupled with the non-invasive, cost-effective, and 
widely available retinal imaging equipment, such as 
retinal photographs, OCT, and OCTA images, AL and 
DL are thought to have the ability to screen and discover 
discriminative latent information associated with AD 
or other neurodegenerative diseases based on a large 
number of retinal images (152-154). Currently, the DL 
algorithm for dementia and AD detection is of great 
research value and is still being optimized, and it has 
the potential to be adopted in future clinical practice for 
screening AD and major eye disorders in a community 
setting. 

Figure 1. Current evidence and future directions on the associations between the eye and Alzheimer’s disease or 
dementia

AD: Alzheimer’s disease.
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Future directions 

Through integrating the current evidence for 
the associations between ocular disorders and AD or 
dementia, as well as the exploration and applications 
of different early-detection modalities, our review 
highlights that (1) ocular disorders are closely related to 
the occurrence of AD and dementia; (2) the treatment of 
ocular diseases might be beneficial to the development 
of AD and dementia; and (3) emerging research has been 
focused on detecting AD and dementia through ocular 
biomarkers and examinations, which is non-invasive, 
convenient, and promising (Figure 1). 

Findings from observational studies are still 
controversial, especially on the chronological order of 
ocular diseases and AD or dementia. Patients with AD 
or dementia might not be timely diagnosed, followed, 
and treated for ocular and metabolic diseases. Further 
investigations with well-designed methods and larger-
scale populations are required. In addition, causal 
associations and shared pathogenetic mechanisms could 
be explored. 

Detecting AD and dementia through ocular biomarkers 
and examinations obviously advantageous. Ocular 
imaging is non-invasive and cost-effective; thus, it is 
acceptable to most patients and can be provided in 
a variety of settings, including primary care centers. 
In addition, detection of AD or dementia at an early 
stage contributes to timely intervention before AD or 
dementia advances, and improves the quality of life. 
Nevertheless, the quality of ocular images, for example, 
the detailed architecture and morphology of the retina, 
needs to be improved when detecting, and standardized 
with algorithms. Studies on larger-scale and multi-
center cohorts, multi-disciplinary collaborations, and 
the integration of various techniques, for instance, 
comparison across results from different examinations, 
are warranted to improve the accuracy of models. 

Research exploring the associations between the eye 
and AD or dementia is marching forward, and effective 
screening and early detection of AD and dementia by 
ocular examinations are around the corner. As a window 
to AD and dementia, the eye deserves further exploration 
for future developments of novel disease-management 
strategies. 
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