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Alzheimer Disease Update: 
Clues From the Retina

RETINA

CLINICAL UPDATE

Modern ophthalmic imaging 
techniques are uncovering 
multiple lines of evidence that 

structural and functional changes in 
the retinal microvasculature could be 
the surrogate biomarkers needed for 
physicians to detect Alzheimer disease 
(AD) noninvasively at its earliest—and, 
potentially, most treatable—stages.

Although the specific reasons for 
correlations between retinal signs and 
the characteristic neurodegeneration 
in AD remain murky, ophthalmic 
researchers express confidence that the 
many investigations being conducted 
by large collaborative groups around 
the world will lead to clinically useful 
discoveries. 

Crucially, these groups are assem-
bling vast libraries of retinal images 
acquired with specialized techniques, 
such as optical coherence tomography 
angiography (OCTA). They also plan  
to develop artificial intelligence (AI)  
algorithms to find patterns in the imag-
es that the human eye can’t detect. 

A Window to the Brain 
“There is evidence of correlations 
between the health of the eye and [that] 
of the brain because the two are directly 
connected. And the retina exists as 
an extension of the central nervous 
system, offering a window to study 
brain changes—particularly the blood 
vessel changes and the levels of neuro-

degenerative damage in the brain,” said 
Carol Y. Cheung, PhD, at the Chinese 
University of Hong Kong. 

Alison G. Abraham, MHS, MS,  
PhD, at Johns Hopkins University 
in Baltimore, agreed. “It’s not hard 
to believe that there would be a link 
between what’s happening in the retina 
and in the brain, because the eye is an 
offshoot embryologically of the brain. 
So the fact that we see parallels should 
not be surprising.” She added, “The eye 
shares a lot of common features with 

the brain—the microvasculature is 
regulated in a similar way, and both are 
patterned similarly.”

Tracking changes. “At this point,  
a good number of imaging studies are 
showing that there are differences that 
we can see in the eye that are related 
to Alzheimer. Those seem to be both 
microvascular and neuronal,” Dr. Abra-
ham said. For instance, she pointed out, 
“Studies have found differences in one 
part or another of the nerve fiber layer 
in patients with already-diagnosed AD, 
or they found differences in various 
aspects of the perfusion of the micro-
vasculature. That has established the 
relationship.” 

However, distinctive retinal differ-
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COMPARISON. OCTA images of the superficial capillary plexus of the right eye 
from a patient with AD (top row) and an age-matched control (bottom row). 
Corresponding quantitative color maps of vessel density (middle column) and  
perfusion density (right column) with their respective color scales on the  
right show decreased vessel density and perfusion density in the subject with  
AD compared to the control. 
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ences that inform our understanding  
of preclinical disease processes have yet 
to be found, Dr. Abraham noted. “The 
big question we’re trying to answer is: 
Can we identify some period during  
the long-term progression of cognitive 
disease, when we might be able to see 
things in the eye that would allow us to 
intervene effectively?” 

Potential benefits for drug trials. 
This knowledge might hasten the devel-
opment of therapies for AD, because 
biomarkers for early-stage dementia, 
called mild cognitive impairment 
(MCI), would enable drug companies 
to determine the impact of potential 
new therapies over time in people with 
preclinical disease, before profound 
and irreversible brain damage has 
occurred.

“Hundreds of clinical trials looking 
at novel therapeutics for Alzheimer 
have been unsuccessful,” said Sharon 
Fekrat, MD, at Duke University in 
Durham, North Carolina. Earlier this 
year, for instance, Biogen and Roche 
halted AD trials because of lack of 
efficacy. “We don’t really know why this 
happened, but one potential reason 
could be that the individuals entered 
into these studies had advanced disease, 
too advanced for the medication being 
studied to show benefit,” Dr. Fekrat said. 

Potential Biomarkers
Dr. Fekrat and Dilraj S. Grewal, MD, 
also at Duke, recently reported on OCT 
and OCTA findings in the superficial 
capillary plexus in eyes of patients with 
MCI and AD. They found reduced 
macular vessel density, perfusion den-
sity, and ganglion cell-inner plexiform 
layer thickness in eyes with AD, com-
pared with MCI and normal controls.1   

Other possible retinal biomarkers 
for early Alzheimer that are under 
exploration include the following: 
• Ultra-widefield, nonmydriatic scan-
ning laser ophthalmoscopy to acquire 
images showing the presence and status 
in the retinal periphery of hard drusen, 
which may be associated with early 
AD.2

• Near-infrared fluorescence ocular 
imaging and other tests to look for 
beta-amyloid protein in the retinas of 
eyes with preclinical AD.3 

• Structural OCT scanning to quantify 
volumetric alterations in certain areas 
of the retina.4

• Differences in microcapillary tortu-
osity and in “retinal fractal dimensions” 
(vascular branching complexity).5

• The influence of comorbidities such 
as diabetes, hypertension, and glauco-
ma on retinal signs associated with AD. 
• The status of capillaries deeper 
inside the retina, in the deep capillary 
plexus and the whole capillary plexus, 
compared to the smaller microvessels 
in the superficial plexus. (Dr. Fekrat’s 
group is investigating this angle.)

Image Repositories
Large numbers of retinal images are 
necessary to provide the raw data 
needed to analyze imaging data using 
AI techniques, said Tien Y. Wong, MD, 
PhD, at the National University of 
Singapore. “We need better interna-
tional collaborative framework to share 
images and validate algorithms.”

Dr. Wong led the multidisciplinary, 
multinational team that reported the 
validation of a deep learning algorithm 
capable of automatically detecting re-
ferable diabetic retinopathy—a project 
that required nearly 500,000 fundus 
photographs.6

Sample datasets needed. “Our recent 
success in AI/deep learning on diabetic 
retinopathy is being transferred to other 

systemic diseases, in cluding 
dementia,” Dr. Wong said. 
“However, we remain limited 
by good quality and large 
sample datasets on AD.” 

To address this deficit, 
the Duke research group 
is collecting multimodal 
retinal images in eyes of 
persons with a variety of 
neurodegenerative diseases 
and placing them into an 
open-access repository of 
deidentified images that they 
and researchers elsewhere 
can analyze. In addition to 
angiograms from controls 
and AD/MCI patients, the 
repository recently began 
adding images from patients 
with other neurodegen-
erative diseases, including 
Parkinson disease, amyo-

trophic lateral sclerosis, and Hunting-
ton disease, Dr. Grewal said. 

“We would want to collect images 
from all over the world into a central 
registry that all researchers can access,” 
Dr. Grewal said. “We imaged 500 
patients in the last 10 months; we’re 
moving quickly. We are looking to get 
images from several thousand or more 
patients, at least.”

Similarly, Dr. Abraham and her col-
leagues at Johns Hopkins are gathering 
OCTA and structural OCT scans from 
about 1,200 people with normal cogni-
tive ability for a longitudinal four-year 
study that will monitor subjects’ retinal 
microvasculatures and cognitive abil-
ities. This study is known as EyeDOC 
(for “Eye Determinants of Cognition”), 
Dr. Abraham said. 

Call for Collaboration
The image repositories will facilitate 
multidisciplinary and multi-institu-
tional collaborations in the hunt for 
retinal signposts of AD, Dr. Fekrat said. 
“It’s very early, and I think the more 
people involved in this, the better. To 
have an impact in our lifetimes we need 
collaboration. We can’t be in our silos 
to try to figure this out.”

Her group at Duke includes oph-
thalmologists, a neurologist, radiolo-
gists, and computer engineers with AI 

COMPARISON. Ganglion cell inner plexiform layer 
thinning in a patient with AD (top), compared with 
a cognitively normal subject (bottom).
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expertise. The Duke team is collabo-
rating with international teams who 
employ ultra-widefield scanning laser 
ophthalmoscopy to image peripheral 
hard drusen and other fundus vascular 
biomarkers.2 And in Singapore, Dr. 
Wong has coauthored papers about 
retinal diseases and cognition with 
scientists from around the world. 

Will multimodalities be key? Ulti-
mately, it is unlikely that any single test 
of retinal structure or function will be 
enough to screen patients for early AD 
and/or track its progress in individuals, 
Dr. Cheung said. “I think we will want 
to be looking at the whole retina using 
different modalities, a whole suite of 
biomarkers.”

Dr. Grewal agreed. “We will likely 
need multimodal retinal and optic 
nerve images to optimize the accuracy 
of an MCI or AD diagnosis. You will 
want to capture as much information 
as you can to improve the sensitivity 
and specificity of the biomarker suite, 
which may allow us to stratify the 
various stages of disease and monitor 
response to new treatments in the con-
text of clinical trials.”

Furthermore, even if one high-tech 
metric, such as OCTA, proved to be 
the best single method for detecting 
microcirculatory signs of early AD, 
“whether it really can be used [outside 
of a clinical study] is not clear,” Dr. 
Abraham said. “These are people in 
their 70s, 80s, and even 90s, and we’re 
asking them to sit very still and fixate 
on a blue light. This can be difficult for 
them. What if the people that we have 
the hardest times imaging are the ones 
that have the highest risk?”

Reality Check
“Right now, none of this is ready for 
prime time,” Dr. Fekrat cautioned. “No 
one can go to their ophthalmologist 
and say, ‘Please look at my retina and 
tell me if I am going to get AD.’” 
 However, she said, “when the details 
have been sorted through in the com-
ing years, we may potentially be able to 
use this multimodal imaging approach 
to diagnose Alzheimer during the 20-
year, relatively asymptomatic period of 
neuropathogenesis, for earlier clinical 
trial intervention.”

Dr. Fekrat added, “Ultimately, we 
would hope to gather enough informa-
tion to convert these multimodal tests 
into more easily understood numbers, 
like physicians do now with the lipid 
panel blood test.” In such a scenario, 
she said, “If the quantitative number on 
one test were higher than X, and this 
other number were less than Y, and so 
on, then your risk of Alzheimer would 
be a certain percentage. But we’re a 
long way from that.”
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“When it comes to giving, 
the decision really comes 
down to supporting 
an organization that is 
most prominent in what 
we do on a day-to-day 
basis — and that’s the 
American Academy 
of Ophthalmology. It’s 
investing in the future 
of ophthalmology; this 
is the way we can pay it 
forward.”
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