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ABSTRACT 

The eye and brain share common mechanisms of aging and disease, thus 

the retina is an essential source of accessible information about 

neurodegenerative processes occurring in the brain. Advances in retinal 

imaging have led to the discovery of many potential biomarkers of 

Alzheimer’s disease, although further research is needed to validate these 

associations. Understanding the mechanisms of retinal disease in the 

context of aging will extend our knowledge of AD and may enable 

advancements in diagnosis, monitoring, and treatment.  
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The retina offers a unique opportunity to study the brain. The eye and 

the brain share the same embryologic origins, similar vascular systems, 

and immunologic functions, allowing us to evaluate what may be 

happening in the brain through the eye non-invasively. Retinal 

progenitor cells, precursors to a variety of retinal neuronal cells, 

originate from the neural plate during embryogenesis as do other 

structural and functional components of the eye [1]. The direct 

communication between the eye and the brain is maintained throughout 

life through the axons of the retinal ganglion cells, which connect with 

the visual cortex via the optic nerves [2]. Additionally, the retinal and 

brain vasculatures share similar mechanisms for protecting the neuronal 

cells from the circulatory system (the blood-retinal barrier and the 

blood-brain barrier, respectively) mediated by the retinal pigment 

epithelium and endothelial cells in the retinal vasculature and by 
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endothelial cells in the cerebral vasculature [3]. The breakdown of these 

barriers and resulting activation of inflammatory cascades have been 

associated with neurodegenerative processes in both the retina and the 

brain such as diabetic retinopathy, age-related macular degeneration 

(AMD), Alzheimer’s disease (AD), Parkinson’s disease, multiple sclerosis, 

and stroke [4–7]. These structural and functional similarities between the 

retina and the brain provide potential explanations for the linked 

pathological processes that occur in aging eyes and aging brains. 

Studying aging eyes offers a unique platform to advance our 

understanding of the neurodegenerative changes that occur with aging 

and pathologies in the brain such as AD and related dementias (ADRD). 

Currently, many challenges exist in AD research such as the need for 

histological confirmation for definitive diagnosis of AD, the expensive 

and invasive testing associated with biomarker-based diagnosis, and the 

difficulty of in vivo research on mechanisms, progression, and response 

to potential therapies. Thus, many researchers are looking for alternative 

approaches for studying AD, such as through the eye. Recent advances in 

retinal imaging have greatly increased our understanding of retinal 

structure and function in unprecedented detail. As a result, several 

studies have shown promising results indicating that the retina may 

allow for early detection of neurodegenerative changes associated with 

cognitive impairment and AD [8–10]. 

Hinton et al. were the first to demonstrate connections between 

neurodegeneration in the retina and the brain with histopathological 

evidence of ganglion cell loss and retinal nerve fiber layer (RNFL) 

thinning in the eyes of patients with AD [11]. Since then, many imaging 

modalities have been used to detect features that may distinguish AD 

from controls. Structural changes visible on optical coherence 

tomography (OCT), such as thinning of the peripapillary and macular 

RNFL, ganglion cell inner plexiform layer, and choroid, have been linked 

to mild cognitive impairment (MCI) and AD [12–14]. One of the main 

advantages of OCT imaging includes the ability to detect changes in 

retinal features providing insight into the sequence of events that occur 

during the development of AD. Therefore, researchers continue to 

determine how progression and location of RNFL thickness variations 

and resulting visual function changes, such as in contrast sensitivity, are 

associated with different stages of AD progression, particularly mild 

cognitive impairment (MCI) versus AD [15,16]. More recent studies using 

OCT angiography have shown that changes in the retinal and choroidal 

vasculature such as enlarged foveal avascular zone are associated with 

MCI and AD [17,18]. One study found significant choroidal thinning in 

mild AD while the foveal avascular zone and hemoglobin colorimetric 
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analysis of optic nerve head perfusion did not differ from controls, 

suggesting that alterations in the choroidal vasculature or structure may 

occur earlier than the retinal changes associated with AD development 

[14]. Additionally, functional changes such as retinal oxygen metabolism 

and other metabolic alterations have been quantified and shown to be 

associated with AD using retinal oximetry and fluorescence lifetime 

imaging ophthalmoscopy [19–21]. Lastly, histopathological studies of 

post-mortem eyes of patients with AD demonstrated amyloid beta (Aβ) 

and hyperphosphorylated tau in the retina [22,23], while Aβ has also 

been observed in the retina of patients with AD in vivo using 

hyperspectral imaging. These findings highlight the possibility of 

evaluating potentially shared disease pathways with AD via noninvasive 

retinal imaging [24]. 

Although aging is the common risk factor, several potential 

mechanistic explanations exist for the relationship between 

neurodegenerative diseases of the eye and AD [25]. Eye disease related 

vision loss may contribute to cognitive decline, due to social isolation or 

reduced stimulation to the visual cortex, or sensory loss may increase 

cognitive load to the extent that overall cognition becomes impaired [26]. 

A common metabolic pathway related to a systemic disease such as 

diabetes could cause both retinal and cerebral neurodegeneration, 

potentially via systemic microvascular pathology or disruption of 

neurovascular coupling [26–28]. Simultaneous accumulation of Aβ and 

tau pathology in both the retina and the brain, causing localized 

inflammation that leads to neuronal death, is another potential 

mechanistic link between age-related retinal disease and AD [22]. 

Mitochondrial dysfunction may also play an important role in the 

neurodegenerative cascade seen in retinal pathologies such as AMD and 

diabetic retinopathy as well as in AD [29]. Both the retina and the brain 

are metabolically active thus highly susceptible to damage from oxidative 

stress caused by both aging and disease processes. Other 

neurodegenerative diseases such as Parkinson’s disease also demonstrate 

evidence of retinal mitochondrial dysfunction associated with axonal loss 

in the temporal optic disc containing the papillo-macular bundle, which 

is affected in other optic neuropathies [30]. A new imaging technique, 

flavoprotein fluorescence, can noninvasively measure mitochondrial 

dysfunction and oxidative stress in the retina, as oxidized mitochondrial 

flavoproteins autofluoresce in response to blue light stimulation [31,32]. 

Thus this type of technique may be helpful in illuminating the role of 

mitochondria in the AD pathology. 

The activation of microglia during the inflammatory response to 

neuronal degeneration and protein deposition is another potential 
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pathologic mechanism that occurs in the retina in association with AD 

[33]. Evidence from AD mouse models suggests that microglial activation 

may be an early event, and the timing of these events may be detectable 

on OCT as evolving changes in the thickness of specific retinal layers. 

Mouse models of amyotrophic lateral sclerosis have also demonstrated 

an increase in microglial cells surrounding retinal ganglion cells. 

Although microglial cells act as macrophages in response to 

degeneration, they are thought to induce additional neuronal damage 

[4,34,35]. One limitation to exploring this type of process as potential 

biomarkers of AD is the difficulty of obtaining in vivo retinal imaging due 

to factors such as media opacity (lens or cornea), participant movement 

(maintaining fixation during imaging is challenging for elderly adults), 

and concomitant age-related neurodegenerative eye disease that 

confound the imaging abnormalities. One potential approach for 

studying AD biomarkers is the development of tracer studies, in which 

the biomarker in question is targeted so that specific imaging of the 

biomarker can be obtained. Curcumin-enabled amyloid detection in the 

retina would be an example [26,36]. Future development of additional 

molecular markers that could detect cellular changes such as glial 

activation will be useful in obtaining further insights into pathogenesis. 

In addition, novel approaches such as modeling of retinal fluid dynamics 

associated with neurodegeneration and AD show promise as a biomarker 

profile that could integrate several features related to multiple 

pathological mechanisms [37]. 

Associations between eye diseases and AD that have been reported in 

epidemiological studies emphasize the importance of screening and 

studying eye pathologies in people at risk of ADRD. Both visual 

impairment and specific eye diseases have been associated with 

increased risks of AD. Several recent studies have found that the risk of 

dementia increased with worsening visual impairment, and impaired 

visual contrast sensitivity and pupillary response have been associated 

with AD neuropathology and risk of AD, respectively [38–42]. A review of 

prospectively collected, community-based cohort of older adults found 

that the diagnoses of AMD, diabetic retinopathy, and glaucoma were 

associated with higher risks of developing AD (HRs 1.46–1.67, p-values 

<0.001–0.045) than those without these eye diseases [43]. These study 

findings were consistent with other population-based studies linking 

neurodegenerative eye disease and AD [44–47], although many were 

limited in size or lack of well-characterized cohorts. Geriatricians and 

neurologists should be aware of these associations, and routine 

ophthalmology evaluations should be considered for older adults. 

Adv Geriatr Med Res. 2021;3(2):e210008. https://doi.org/10.20900/agmr20210008  

https://doi.org/10.20900/agmr20210008


 
Advances in Geriatric Medicine and Research 5 of 10 

Research related to the validation of retinal biomarkers of AD has 

advanced rapidly but challenges still remain [48]. Many studies have 

been limited by small size, cross-sectional design, and exclusion of 

patients with concomitant eye disease, thus have produced conflicting 

results [16,49,50]. In addition, studies have used different cognitive 

assessment methods, and not all have relied on research criteria to 

distinguish mild cognitive impairment and/or ADRD. Similarly, 

standardized retinal imaging or analysis protocols do not exist yet to 

enable interpretation across multiple studies [16]. 

Moving forward, it will be essential to determine whether retinal 

biomarkers are specific to clinical AD, neuropathologic AD, 

biomarker-based AD with or without cognitive changes, or to some or all 

of these categories. The timing of these associations is also important; 

biomarkers for preclinical AD may differ from those associated with 

disease progression [16]. Understanding retinal vascular, structural, and 

metabolic alterations in relation to AD diagnosis and progression will 

require longitudinal studies in well-characterized cohorts [16,48]. 

Ultimately, large collaborations between researchers, industry partners, 

and funding agencies will be needed to create standardized ophthalmic 

imaging acquisition protocols, data collection, and data sharing 

mechanisms following the successes of the Alzheimer’s Disease 

Neuroimaging Initiative (ADNI) [51]. 

Much remains to be learned about the unique connection between the 

aging eye and the aging brain. Noninvasive retinal imaging techniques 

and innovative image analyses such as machine learning approaches will 

continue to provide new insights into the mechanisms of aging and 

related pathological processes. This information will extend our 

understanding of the brain, and vice versa. As the population continues 

to age, collaborations between ophthalmologists, neurologists, and 

gerontologists will be essential, both in patient care and in research, as 

the eye becomes a key resource for understanding the aging brain. 

AUTHOR CONTRIBUTIONS 

MB and CSL performed the literature review and wrote the 

manuscript. 

CONFLICTS OF INTEREST 

The authors declare that they have no conflicts of interest. 

FUNDING 

Financial Support: NIH/NIA R01AG060942, Latham Vision Innovation 

Award, and an unrestricted grant from Research to Prevent Blindness. 

Adv Geriatr Med Res. 2021;3(2):e210008. https://doi.org/10.20900/agmr20210008  

https://doi.org/10.20900/agmr20210008


 
Advances in Geriatric Medicine and Research 6 of 10 

The sponsors/funding organizations had no role in the design or conduct 

of this research. 

REFERENCES 

1.  Heavner W, Pevny L. Eye development and retinogenesis. Cold Spring Harb 

Perspect Biol. 2012;4(12):a008391. doi: 10.1101/cshperspect.a008391 

2.  Erskine L, Herrera E. Connecting the retina to the brain. ASN Neuro. 

2014;6(6):1759091414562107. doi: 10.1177/1759091414562107 

3.  Díaz-Coránguez M, Ramos C, Antonetti DA. The inner blood-retinal barrier: 

Cellular basis and development. Vision Res. 2017;139:123-37. 

4.  Ramirez AI, de Hoz R, Salobrar-Garcia E, Salazar JJ, Rojas B, Ajoy D, et al. The 

Role of Microglia in Retinal Neurodegeneration: Alzheimer’s Disease, 

Parkinson, and Glaucoma. Front Aging Neurosci. 2017;9:214. 

5.  Stephenson J, Nutma E, van der Valk P, Amor S. Inflammation in CNS 

neurodegenerative diseases. Immunology. 2018;154(2):204-19. doi: 

10.1111/imm.12922 

6.  Lenin R, Thomas SM, Gangaraju R. Endothelial Activation and Oxidative 

Stress in Neurovascular Defects of the Retina. Curr Pharm Des. 

2018;24(40):4742-54. 

7.  Cunha-Vaz J. The Blood-Retinal Barrier in the Management of Retinal 

Disease: EURETINA Award Lecture. Ophthalmologica. 2017;237(1):1-10. 

8.  Gupta VB, Chitranshi N, den Haan J, Mirzaei M, You Y, Lim JK, et al. Retinal 

changes in Alzheimer’s disease—integrated prospects of imaging, functional 

and molecular advances. Prog Retin Eye Res. 2020 Sep 2;100899. doi: 

10.1016/j.preteyeres.2020.100899 

9.  Santos CY, Johnson LN, Sinoff SE, Festa EK, Heindel WC, Snyder PJ. Change in 

retinal structural anatomy during the preclinical stage of Alzheimer’s 

disease. Alzheimers Dement. 2018;10:196-209. 

10.  López-de-Eguileta A, Lage C, López-García S, Pozueta A, García-Martínez M, 

Kazimierczak M, et al. Ganglion cell layer thinning in prodromal Alzheimer’s 

disease defined by amyloid PET. Alzheimers Dement. 2019;5:570-8. 

11.  Hinton DR, Sadun AA, Blanks JC, Miller CA. Optic-nerve degeneration in 

Alzheimer’s disease. N Engl J Med. 1986;315(8):485-7. 

12.  Chan VTT, Sun Z, Tang S, Chen LJ, Wong A, Tham CC, et al. Spectral-Domain 

OCT Measurements in Alzheimer’s Disease: A Systematic Review and 

Meta-analysis. Ophthalmology. 2019;126(4):497-510. 

13.  Asanad S, Ross-Cisneros FN, Nassisi M, Barron E, Karanjia R, Sadun AA. The 

Retina in Alzheimer’s Disease: Histomorphometric Analysis of an 

Ophthalmologic Biomarker. Invest Ophthalmol Vis Sci. 2019;60(5):1491-500. 

14.  Salobrar-Garcia E, Méndez-Hernández C, de Hoz R, Ramírez AI, 

López-Cuenca I, Fernández-Albarral JA, et al. Ocular Vascular Changes in 

Mild Alzheimer’s Disease Patients: Foveal Avascular Zone, Choroidal 

Adv Geriatr Med Res. 2021;3(2):e210008. https://doi.org/10.20900/agmr20210008  

https://doi.org/10.20900/agmr20210008


 
Advances in Geriatric Medicine and Research 7 of 10 

Thickness, and ONH Hemoglobin Analysis. J Pers Med. 2020;10(4):231. doi: 

10.3390/jpm10040231 

15.  Salobrar-García E, de Hoz R, Ramírez AI, López-Cuenca I, Rojas P, Vazirani R, 

et al. Changes in visual function and retinal structure in the progression of 

Alzheimer’s disease. PLoS One. 2019;14(8):e0220535. 

16.  Alber J, Goldfarb D, Thompson LI, Arthur E, Hernandez K, Cheng D, et al. 

Developing retinal biomarkers for the earliest stages of Alzheimer’s disease: 

What we know, what we donʼt, and how to move forward. Alzheimer’s 

Dement. 2020;16(1):229-43. doi: 10.1002/alz.12006 

17.  Bulut M, Kurtuluş F, Gözkaya O, Erol MK, Cengiz A, Akıdan M, et al. 

Evaluation of optical coherence tomography angiographic findings in 

Alzheimer’s type dementia. Br J Ophthalmol. 2018;102(2):233-7. doi: 

10.1136/bjophthalmol-2017-310476 

18.  Yoon SP, Grewal DS, Thompson AC, Polascik BW, Dunn C, Burke JR, et al. 

Retinal Microvascular and Neurodegenerative Changes in Alzheimer’s 

Disease and Mild Cognitive Impairment Compared with Control Participants. 

Ophthalmol Retina. 2019;3(6):489-99. doi: 10.1016/j.oret.2019.02.002 

19.  Jentsch S, Schweitzer D, Schmidtke K-U, Peters S, Dawczynski J, Bär K-J, et al. 

Retinal fluorescence lifetime imaging ophthalmoscopy measures depend on 

the severity of Alzheimer’s disease. Acta Ophthalmol. 2015;93(4):e241-7. 

20.  Sadda SR. Fluorescence Lifetime Imaging Ophthalmoscopy in Alzheimer’s 

Disease. Fluoresc Lifetime Imaging Ophthalmoscopy. 2019:107-11. doi: 

10.1007/978-3-030-22878-1_17 

21.  Olafsdottir OB, Saevarsdottir HS, Hardarson SH, Hannesdottir KH, 

Traustadottir VD, Karlsson RA, et al. Retinal oxygen metabolism in patients 

with mild cognitive impairment. Alzheimers Dement. 2018;10:340-5. 

22.  den Haan J, Morrema THJ, Verbraak FD, de Boer JF, Scheltens P, Rozemuller 

AJ, et al. Amyloid-beta and phosphorylated tau in post-mortem Alzheimer’s 

disease retinas. Acta Neuropathol Commun. 2018;6(1):147. doi: 

10.1186/s40478-018-0650-x 

23.  Koronyo Y, Biggs D, Barron E, Boyer DS, Pearlman JA, Au WJ, et al. Retinal 

amyloid pathology and proof-of-concept imaging trial in Alzheimer’s 

disease. JCI Insight. 2017;2(16):e93621. doi: 10.1172/jci.insight.93621 

24.  Hadoux X, Hui F, Lim JKH, Masters CL, Pébay A, Chevalier S, et al. 

Non-invasive in vivo hyperspectral imaging of the retina for potential 

biomarker use in Alzheimer’s disease. Nat Commun. 2019;10(1). doi: 

10.1038/s41467-019-12242-1 

25.  Sivak JM. The aging eye: common degenerative mechanisms between the 

Alzheimer’s brain and retinal disease. Invest Ophthalmol Vis Sci. 

2013;54(1):871-80. 

26.  Whitson HE, Cronin-Golomb A, Cruickshanks KJ, Gilmore GC, Owsley C, 

Peelle JE, et al. American Geriatrics Society and National Institute on Aging 

Adv Geriatr Med Res. 2021;3(2):e210008. https://doi.org/10.20900/agmr20210008  

https://doi.org/10.20900/agmr20210008


 
Advances in Geriatric Medicine and Research 8 of 10 

Bench-to-Bedside Conference: Sensory Impairment and Cognitive Decline in 

Older Adults. J Am Geriatr Soc. 2018;66(11):2052-8. doi: 10.1111/jgs.15506 

27.  Lu X, Gong W, Wen Z, Hu L, Peng Z, Zha Y. Correlation Between Diabetic 

Cognitive Impairment and Diabetic Retinopathy in Patients With T2DM by 

1H-MRS. Front Neurol. 2019;10. doi: 10.3389/fneur.2019.01068 

28.  Garhöfer G, Chua J, Tan B, Wong D, Schmidl D, Schmetterer L. Retinal 

neurovascular coupling in diabetes. J Clin Med Res. 2020;9(9):2829. 

29.  Wang W, Zhao F, Ma X, Perry G, Zhu X. Mitochondria dysfunction in the 

pathogenesis of Alzheimer’s disease: recent advances. Mol Neurodegener. 

2020;15(1):30. doi: 10.1186/s13024-020-00376-6 

30.  Indrieri A, Pizzarelli R, Franco B, De Leonibus E. Dopamine, 

Alpha-Synuclein, and Mitochondrial Dysfunctions in Parkinsonian Eyes. 

Front Neurosci. 2020;14:567129. 

31.  Chen AX, Conti TF, Hom GL, Greenlee TE, Raimondi R, Briskin IN, et al. 

Functional imaging of mitochondria in retinal diseases using flavoprotein 

fluorescence. Eye. 2021 Jan;35(1):74-92. doi:10.1038/s41433-020-1110-y 

32.  Elner SG, Elner VM, Field MG, Park S, Heckenlively JR, Petty HR. Retinal 

flavoprotein autofluorescence as a measure of retinal health. Trans Am 

Ophthalmol Soc. 2008;106:215-22; discussion 222-4. 

33.  Grimaldi A, Pediconi N, Oieni F, Pizzarelli R, Rosito M, Giubettini M, et al. 

Neuroinflammatory Processes, A1 Astrocyte Activation and Protein 

Aggregation in the Retina of Alzheimer’s Disease Patients, Possible 

Biomarkers for Early Diagnosis. Front Neurosci. 2019;13. doi: 

10.3389/fnins.2019.00925 

34.  Salobrar-García E, Rodrigues-Neves AC, Ramírez AI, de Hoz R, 

Fernández-Albarral JA, López-Cuenca I, et al. Microglial Activation in the 

Retina of a Triple-Transgenic Alzheimer’s Disease Mouse Model (3xTg-AD). 

Int J Mol Sci. 2020;21(3):816. doi: 10.3390/ijms21030816 

35.  Rojas P, Ramírez AI, Fernández-Albarral JA, López-Cuenca I, Salobrar-García 

E, Cadena M, et al. Amyotrophic Lateral Sclerosis: A Neurodegenerative 

Motor Neuron Disease With Ocular Involvement. Front Neurosci. 

2020;14:566858. 

36.  Dumitrascu OM, Lyden PD, Torbati T, Sheyn J, Sherzai A, Sherzai D, et al. 

Sectoral segmentation of retinal amyloid imaging in subjects with cognitive 

decline. Alzheimers Dement. 2020;12(1):e12109. 

37.  Guidoboni G, Sacco R, Szopos M, Sala L, Vercellin ACV, Siesky B, et al. 

Neurodegenerative Disorders of the Eye and of the Brain: A Perspective on 

Their Fluid-Dynamical Connections and the Potential of Mechanism-Driven 

Modeling. Front Neurosci. 2020;14:566428. 

38.  Paik J-S, Ha M, Jung YH, Kim GH, Han KD, Kim HS, et al. Low vision and the 

risk of dementia: a nationwide population-based cohort study. Sci Rep. 

2020;10(1):9109. 

Adv Geriatr Med Res. 2021;3(2):e210008. https://doi.org/10.20900/agmr20210008  

https://doi.org/10.20900/agmr20210008


Advances in Geriatric Medicine and Research 9 of 10 

39. Ward ME, Gelfand JM, Lui L-Y, Ou Y, Green AJ, Stone K, et al. Reduced

contrast sensitivity among older women is associated with increased risk of

cognitive impairment: Reduced Contrast Sensitivity. Ann Neurol.

2018;83(4):730-8.

40. 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(9):1823-9.

41. Risacher SL, WuDunn D, Tallman EF, West JD, Gao S, Farlow MR, et al. Visual

contrast sensitivity is associated with the presence of cerebral amyloid and

tau deposition. Brain Commun. 2020;2(1):fcaa019.

42. Kremen WS, Panizzon MS, Elman JA, Granholm EL, Andreassen OA, Dale

AM, et al. Pupillary dilation responses as a midlife indicator of risk for

Alzheimer’s disease: association with Alzheimer's disease polygenic risk.

Neurobiol Aging. 2019;83:114-21.

43. Lee CS, Larson EB, Gibbons LE, Lee AY, McCurry SM, Bowen JD, et al.

Associations between recent and established ophthalmic conditions and risk

of Alzheimer’s disease. Alzheimers Dement. 2019;15(1):34-41.

44. Exalto LG, Biessels GJ, Karter AJ, Huang ES, Quesenberry CP Jr, Whitmer RA.

Severe diabetic retinal disease and dementia risk in type 2 diabetes. J

Alzheimers Dis. 2014;42(Suppl 3):S109-S7.

45. Baker ML, Wang JJ, Rogers S, Klein R, Kuller LH, Larsen EK, et al. Early

age-related macular degeneration, cognitive function, and dementia: the

Cardiovascular Health Study. Arch Ophthalmol. 2009;127(5):667-673.

46. Moon JY, Kim HJ, Park YH, Park TK, Park E-C, Kim CY, et al. Association

between Open-Angle Glaucoma and the Risks of Alzheimer’s and Parkinsonʼs

Diseases in South Korea: A 10-year Nationwide Cohort Study. Sci Rep.

2018;8(1):11161.

47. Woo SJ, Park KH, Ahn J, Choe JY, Jeong H, Han JW, et al. Cognitive

impairment in age-related macular degeneration and geographic atrophy.

Ophthalmology. 2012;119(10):2094-101.

48. Lee CS, Apte RS. Retinal biomarkers of Alzheimer disease. Am J Ophthalmol.

2020;218:337-41.

49. Heringa SM, Bouvy WH, van den Berg E, Moll AC, Kappelle LJ, Biessels GJ.

Associations between retinal microvascular changes and dementia,

cognitive functioning, and brain imaging abnormalities: a systematic review.

J Cereb Blood Flow Metab. 2013;33(7):983-95.

50. Asanad S, Ross-Cisneros FN, Barron E, Nassisi M, Sultan W, Karanjia R, et al.

The retinal choroid as an oculovascular biomarker for Alzheimer’s

dementia: A histopathological study in severe disease. Alzheimers Dement.

2019;11:775-83.

Adv Geriatr Med Res. 2021;3(2):e210008. https://doi.org/10.20900/agmr20210008 

https://doi.org/10.20900/agmr20210008


Advances in Geriatric Medicine and Research 10 of 10 

51. ADNI (Alzheimer’s Disease Neuroimaging Initiative). Available from:

http://adni.loni.usc.edu/. Accessed 2021 Jan 7.

How to cite this article: 

Blazes M, Lee CS. Understanding the Brain through Aging Eyes. Adv Geriatr Med Res. 2021;3(2):e210008. https://

doi.org/10.20900/agmr20210008 

Adv Geriatr Med Res. 2021;3(2):e210008. https://doi.org/10.20900/agmr20210008 

https://doi.org/10.20900/agmr20210008
http://adni.loni.usc.edu/
https://doi.org/10.20900/agmr20210008

