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Purpose: Although Alzheimer’s disease (AD) is a leading cause of dementia worldwide, its 
clinical diagnosis remains a challenge. Optical coherence tomography (OCT) and OCT with 
angiography (OCTA) are non-invasive ophthalmic imaging tools with the potential to detect 
retinal structural and microvascular changes in patients with AD, which may serve as 
biomarkers for the disease. In this systematic review, we evaluate whether certain OCT 
and OCTA parameters are significantly associated with AD and mild cognitive impairment 
(MCI).
Methods: PubMed database was searched using a combination of MeSH terms to identify 
studies for review. Studies were organized by participant diagnostic groups, type of imaging 
modality, and OCT/OCTA parameters of interest. Participant demographic data was also 
collected and baseline descriptive statistics were calculated for the included studies.
Results: Seventy-one studies were included for review, representing a total of 6757 patients 
(2350 AD, 793 MCI, 2902 healthy controls (HC), and 841 others with a range of other 
neurodegenerative diagnoses). The mean baseline ages were 72.78±3.69, 71.52±2.88, 70.55 
±3.85 years for AD, MCI and HC groups, respectively. The majority of studies noted 
significant structural and functional decline in AD patients when compared to HC. 
Although analysis of MCI groups yielded more mixed results, a similar pattern of decline 
was often noted amongst patients with MCI relative to HC. OCT and OCTA measurements 
were also shown to correlate with established measures of AD such as neuropsychological 
testing or neuroimaging.
Conclusion: OCT and OCTA show great potential as non-invasive technologies for the 
diagnosis of AD. However, further research is needed to determine whether there are AD- 
specific patterns of structural or microvascular change in the retina and optic nerve that 
distinguish AD from other neurodegenerative diseases. Development of sensitive and spe-
cific OCT/OCTA parameters will be necessary before they can be used to detect AD in 
clinical settings.
Keywords: optical coherence tomography, optical coherence tomography angiography, 
Alzheimer’s disease, mild cognitive impairment, dementia

Introduction
Alzheimer’s disease (AD) is a degenerative neurological disease that is the leading 
cause of dementia in the United States. According to current estimates approxi-
mately 5.8 million people aged 65 and older are living with this disease in 2020.1 

As the population continues to age, the prevalence of AD is expected to grow. 
Clinically, it is challenging for physicians to distinguish AD from other causes of 
cognitive decline, particularly in older age groups. AD classically presents with an 
insidious onset of impaired executive functioning, which eventually progresses to 
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severe cognitive impairment affecting multiple memory 
domains and compromising the ability of patients to per-
form activities of daily living. Ultimately, severe AD leads 
to death. Given that neuropathologic changes manifest 
decades before the onset of clinical symptoms in AD, 
early screening and diagnosis would facilitate the identifi-
cation of individuals with preclinical disease.

Unfortunately, a definitive diagnosis of AD can only be 
made through histopathologic examination, which requires 
either an invasive brain biopsy or postmortem examina-
tion. While positron emission tomography (PET) imaging 
of the brain is an accurate and non-invasive modality that 
can be used to visualize amyloid,2 it is cost-prohibitive for 
most patients. Cerebrospinal fluid (CSF) testing can be 
used to determine levels of beta-amyloid and tau. 
However, this procedure is invasive, and currently there 
is limited evidence regarding the benefit of CSF biomar-
kers compared to biomarkers obtained by other 
modalities.3 Thus, there is a significant need to identify 
a noninvasive and cost-effective diagnostic modality that 
is widely accessible to patients.

In this effort, recent investigations have explored whether 
the retina and optic nerve can provide promising screening 
targets for early detection of AD. Embryologically, these 
structures are derived from the diencephalon4 and are there-
fore considered extensions of the central nervous system 
(CNS), providing a “window” into the central nervous sys-
tem. It is therefore biologically plausible that in patients 
with AD, pathologic changes such as amyloid plaque deposi-
tion and neuronal degeneration may also be observed in the 
retina and optic nerve.5 A number of studies have demon-
strated retinal changes and vascular measures associated with 
cognitive decline through fundus photography and postmor-
tem human eyes.6–10 Retinal amyloid beta plaques have also 
been identified in transgenic mouse models using in vivo 
optical imaging.11 More recently, non-invasive high- 
resolution ocular imaging techniques including optical 
coherence tomography (OCT) and optical coherence tomo-
graphy angiography (OCTA) have been proposed as tools for 
evaluating ocular changes in AD. Other imaging techniques 
such as widefield fundus photography,12 fluorescence life-
time imaging ophthalmoscopy,13 fundus autofluorescence,14 

confocal scanning laser ophthalmoscopy,15 and retinal 
oximetry16 have also been applied to the study of AD. For 
example, widefield fundus photography has been used to 
identify changes in the peripheral retina in AD,12 while 
fundus autofluorescence has revealed plaque-like lesions in 
patients with mild cognitive impairment (MCI).14 However, 

these tools are currently not as widely available and have not 
been studied as extensively as OCT and OCTA. In just the 
past three years, there has been an explosion in research 
investigating the use of OCT and OCTA for the evaluation 
of AD, with over 35 new studies published and investigation 
of a number of novel parameters.17–54 In the following 
review, we summarize the proposed ocular manifestations 
of AD observed by OCT and OCTA in the recent literature 
and explore their potential for evaluating retinal and optic 
nerve pathology to enable earlier detection of Alzheimer’s 
disease.

Materials and Methods
Articles for this review were acquired through the PubMed 
research database. Studies were found using a combination 
of the following MeSH terms: “optical coherence tomo-
graphy” or “optical coherence tomography angiography” 
AND “Alzheimer’s” or “Alzheimer’s disease”. References 
were then uploaded to a customized database for review 
using Covidence software (Melbourne, Australia). Articles 
were reviewed by three independent reviewers from Duke 
University School of Medicine in Durham, N.C. (A.A., A. 
S., N.J.). To be included in this review, studies had to be 
relevant, original, and peer reviewed. Studies were 
excluded if they were deemed to be irrelevant by at least 
two of the three reviewers. Animal studies and non- 
primary literature such as systematic reviews, meta- 
analyses, and editorials were also excluded. After an initial 
list of studies was generated, additional studies were 
included as a result of expert opinion and review of refer-
ences of included studies.

References were primarily categorized based on parti-
cipant diagnostic groups, the type of imaging used, and the 
OCT/OCTA parameters of interest. Descriptive statistics 
were calculated using Microsoft Excel (Version 16.4) to 
determine baseline characteristics of the studies included 
for final review.

Results
Preliminary PubMed queries resulted in 92 references. Of 
these, 6 references were excluded because they were deemed 
irrelevant by at least two of three reviewers. A total of 15 
systematic reviews, meta-analyses, and editorials were 
excluded on the basis that they were non-primary sources. 
Three animal studies and four case reports were also 
excluded. Two studies published in non-English languages 
were also excluded. Nine additional studies were identified 
by soliciting expert opinion and by reviewing the reference 
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sections of studies captured by the initial PubMed search. 
Thus, a total of 71 studies were included for final review 
(Figure 1). Sixty (84.5%) studies used only OCT as the 
primary method of imaging, 8 (11.3%) studies used only 
OCTA, and 3 (4.2%) studies presented results from both 
OCT and OCTA. A comprehensive list of studies with sum-
marized data can be found in Table 1.

Table 2 depicts the summary descriptive statistics for 
the included studies. The average sample size for each of 
the three main diagnostic groups was 38.52 ± 46.44, 30.50 
± 35.53, and 46.81 ± 56.38 patients for the AD, MCI, and 
HC groups, respectively. The average baseline age for 
patients within each diagnostic category was 72.78 ± 
3.69 years for AD, 71.52 ± 2.88 years for MCI, and 
70.55 ± 3.85 years for HC subjects.

Studies varied widely by their methods for determining AD 
diagnosis, with multiple studies using more than one criterion. 

Sixty-one (86%) studies used a form of neurocognitive testing 
(eg Mini-Mental State Examination (MMSE), Montreal 
Cognitive Assessment (MOCA), etc.),17–34,36–44,46,47,49–80 56 
(79%) relied on clinical diagnosis by experts based on 
criteria such as the DSM-IV or NINCDS- 
ADRDA,18,20,21,24,26–34,36,39,41–44,46–52,54–57,62–64,66–88 29 
(41%) utilized neuroimaging techniques (eg magnetic reso-
nance imaging (MRI), computed tomography (CT) scan, or 
PET),18,19,21–23,25,29–31,33,34,37,39–41,44,46,48,49,51,53,56,57,60,61,66, 

68,75,79 and 13 (18%) used immunohistochemical staining for 
biomarkers tau and amyloid.21–23,25,31,32,34,35,37,39,50,51,61

Studies also differed in terms of the subject groups 
they included for comparison. The vast majority of studies 
compared patients with AD to healthy controls, while 25 
studies24,26–30,37,39,41,42,44,46–48,51,52,54,56,57,65,75,76,78,81,83 

included an additional subset of patients with a diagnosis 
of MCI or subjective cognitive decline for comparison. 

Figure 1 Flow chart of literature review process used to acquire references. 
Notes: aNon-primary literature included summary articles such as systematic reviews, meta-analyses, and editorials.

Eye and Brain 2021:13                                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                            
3

Dovepress                                                                                                                                                             Song et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Ta
bl

e 
1 

Su
m

m
ar

y 
of

 t
he

 In
cl

ud
ed

 S
tu

di
es

Fi
rs

t 
A

ut
ho

r
Jo

ur
na

l
St

ud
y 

Ty
pe

Sa
m

pl
e 

Si
ze

, n
M

ea
n 

A
ge

, Y
ea

rs
Se

x 
(M

/F
)

N
o.

 
of

 
E

ye
s

Te
st

 
fo

r 
A

D
O

C
T

/ 
O

C
TA

 
Sy

st
em

a

O
C

T
/ 

O
C

TA
 

P
ar

am
et

er
s

Si
gn

ifi
ca

nt
 

P
ar

am
et

er
sb

20
20

A
sa

na
d17

PL
oS

 O
N

E
C

S
A

B-
: 1

6,
 A

B+
: 2

7
A

B-
: 7

4.
1 

± 
7.

4,
 A

B+
: 7

5.
2 

± 
8.

4
A

B-
: 7

/9
, A

B+
: 1

4/
 

13

B
N

P
C

-S
D

R
N

FL
, G

C
- 

IP
L,

 M
T

R
N

FL

20
14

A
sc

as
o81

Jo
ur

na
l o

f 

N
eu

ro
lo

gy

C
S

A
D

: 1
8,

 a
M

C
I: 

21
, H

C
: 4

1

A
D

/a
M

C
I: 

72
.1

 ±
 8

.7
, H

C
: 7

2.
9 

± 

7.
9

aM
C

I/A
D

: 1
8/

21
, 

H
C

: 2
0/

21

B
C

, N
P

S
R

N
FL

, M
T,

 

M
V

R
N

FL
, M

T,
 M

V

20
14

Ba
m

bo
85

A
ct

a 

O
ph

th
al

m
ol

og
ic

a

C
S

A
D

: 5
7,

 H
C

: 5
7

A
D

: 7
5.

29
 ±

 8
.6

4,
 H

C
: 7

4.
77

 ±
 

9.
24

n/
a

U
C

C
-S

D
, H

R
N

FL
R

N
FL

20
15

Ba
m

bo
73

C
lin

 N
eu

ro
l 

N
eu

ro
su

rg
.

C
S

A
D

: 5
6,

 H
C

: 5
6

A
D

: 7
4.

0 
± 

8.
1,

 H
C

: 7
6.

4 
± 

8.
4

A
D

: 2
4/

32
, H

C
: 2

3/
 

33

U
C

, N
P

C
-H

D
R

N
FL

R
N

FL

20
15

Ba
yh

an
55

C
lin

ic
al

 a
nd

 

Ex
pe

ri
m

en
ta

l 

O
ph

th
al

m
ol

og
y

C
S

A
D

: 3
1,

 H
C

: 3
0

A
D

: 7
5.

8 
± 

6.
5,

 H
C

: 7
4.

9 
± 

7.
6

A
D

: 1
7/

14
, H

C
: 1

6/
 

14

U
C

, N
P

O
G

C
C

, O
R

L,
 

C
T

G
C

C
, O

R
L

20
07

Be
ri

sh
a82

In
ve

st
ig

at
iv

e 

O
ph

th
al

m
ol

og
y 

&
 V

is
ua

l S
ci

en
ce

C
S

A
D

: 9
, 

H
C

: 8

A
D

: 7
4.

3 
± 

3.
3,

 H
C

: 7
4.

3 
± 

5.
8

n/
a

U
C

. N
P

S
BF

, V
di

, 

R
N

FL

R
N

FL
, V

di
 B

F

20
17

Bu
lu

t18
Br

 J 
O

ph
th

al
m

ol
.

C
C

A
D

: 2
6,

 H
C

: 2
6

A
D

: 7
4.

23
 ±

 7
.5

5,
 H

C
: 7

2.
58

 ±
 

6.
28

A
D

: 1
1/

15
, H

C
 =

 
13

/1
3

U
C

, N
P, 

N
I

O
V

D
, F

A
Z

, C
F, 

C
T

V
D

, F
A

Z
, C

T,
 

C
F

20
17

C
as

al
et

to
19

N
eu

ro
bi

ol
 A

gi
ng

C
S

H
C

: 7
9

76
.0

 ±
 5

.5
37

/4
2

B
N

P, 
N

I
H

M
V,

 G
C

L,
 

pR
N

FL
M

V,
 G

C
L,

 
pR

N
FL

20
15

C
he

un
g56

Jo
ur

na
l o

f 

A
lz

he
im

er
’s 

D
is

ea
se

C
C

A
D

: 1
00

, M
C

I: 

41
, H

C
: 1

23

A
D

: 7
3.

5 
± 

6.
23

, M
C

I: 
70

.4
 ±

 

10
.2

, H
C

: 6
5.

7 
± 

3.
77

A
D

: 4
3/

57
, H

C
: 6

7/
 

56
, M

C
I: 

13
/2

8

B
C

, N
P, 

N
I

C
-H

D
R

N
FL

, G
P-

 

IC
L

G
C

-IP
L,

 R
N

FL

20
16

C
ho

i76
PL

oS
 O

N
E

P
A

D
: 4

2,
 a

M
C

I: 

26
, H

C
: 6

6

A
D

: 7
6.

8 
± 

8.
7,

 a
M

C
I: 

74
.7

 ±
 7

.8
, 

H
C

: 7
3.

8 
± 

7.
5

A
D

: 4
/3

8,
 a

M
C

I: 
10

/ 

16
, H

C
: 2

8/
38

U
C

, N
P

C
-H

D
R

N
FL

, G
C

- 

IP
L,

 M
T,

 M
V

R
N

FL
, G

C
-IP

L,
 

M
T,

 M
V

20
16

C
un

ha
68

PL
oS

 O
N

E
C

S
A

D
: 2

4,
 H

C
: 4

8
A

D
: 7

4.
8 

± 
6.

25
, H

C
: 7

2.
25

 ±
 

7.
31

A
D

: 8
/1

6,
 H

C
: 9

/1
5

B
C

, N
P, 

N
I

T
M

T,
 G

C
L,

 

pR
N

FL

M
T,

 G
C

C
, 

pR
N

FL

20
17

C
un

ha
20

G
ra

ef
es

 A
rc

h 

C
lin

 E
xp

 
O

ph
th

al
m

ol
.

C
S

A
D

: 5
0,

 H
C

: 1
52

A
D

: 7
3.

1 
± 

5.
36

, H
C

: 7
1.

0 
± 

4.
62

A
D

: 1
6/

34
, H

C
: 5

5/
 

97

B
C

, N
P

H
R

N
FL

, R
T

R
N

FL
, R

T

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                                

Eye and Brain 2021:13 4

Song et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


20
18

de
n 

H
aa

n22
A

lz
he

im
er

s 

D
em

en
tia

 

(A
m

st
er

da
m

)

C
C

15
 A

B+
 A

D
, 1

5 

A
B-

 S
C

D

A
D

: 6
2.

2 
± 

3.
67

, S
C

D
: 6

2 
± 

6.
27

A
D

: 8
/7

, S
C

D
: 8

/7
B

N
P, 

N
I, 

IH

H
RT

, M
T,

 

R
N

FL

N
on

e

20
19

de
n 

H
aa

n23
A

lz
he

im
er

s 

D
em

en
tia

 
(A

m
st

er
da

m
)

C
C

A
D

: 4
8,

 H
C

; 3
8

A
D

: 6
5.

4 
± 

8.
1,

 H
C

: 6
0.

6 
± 

5
A

D
: 2

5/
23

, H
C

: 2
4/

 

14

B
N

P, 
N

I, 

IH

H
, S

D
- 

O
C

TA

C
T,

 V
D

, F
A

Z
, 

ot
he

rs

N
on

e

20
19

de
n 

H
aa

n21
A

lz
he

im
er

s 
R

es
 

T
he

r
C

S
A

D
: 2

3,
 P

C
A

: 2
3,

 
H

C
: 7

0
A

D
: 6

4.
5 

±6
.8

, P
C

A
: 6

7.
0 

±7
.1

, 
H

C
: 6

6.
3 

±7
.7

A
D

: 1
4/

9,
 P

C
A

: 1
1/

 
14

, H
C

: 2
9/

41
B

C
, N

P, 
N

I, 
IH

O
M

T,
 R

N
FL

N
on

e

20
15

Er
as

la
n69

Tu
rk

 J 
M

ed
 S

ci
C

S
A

D
: 2

0,
 N

T
G

: 

18
, H

C
: 2

0

A
D

: 7
3.

6 
± 

10
.7

, N
T

G
: 5

3.
6 

± 

7.
1,

 H
C

: 7
3.

3 
± 

9.
6

A
D

: 7
/1

3,
 N

T
G

: 8
/ 

10
, H

C
: 6

/1
4

B
C

, N
P

O
R

N
FL

, G
C

C
pR

N
FL

, G
C

C

20
17

Fe
rr

ar
i24

J A
lz

he
im

er
s 

D
is

C
S

M
C

I: 
29

, 

m
ild

 A
D

: 2
0,

 

m
od

er
at

e 
A

D
: 

17
, F

T
D

: 1
7,

 H
C

: 

49

M
C

I: 
70

.4
5 

± 
5.

51
, m

ild
 A

D
: 

69
.7

5 
± 

7.
51

, m
od

er
at

e 
A

D
: 

71
.2

3 
± 

6.
95

, F
T

D
: 6

5.
59

 ±
 6

.8
9,

 
H

C
: 6

8.
32

 ±
 6

.9
6

M
C

I: 
14

/1
5,

 

m
ild

 A
D

: 9
/1

1,
 

m
od

er
at

e 
A

D
: 4

/1
3,

 
FT

D
: 8

/9
, H

C
: 2

3/
 

26

B
C

, N
P

H
R

N
FL

, G
C

- 

IP
L

R
N

FL
, G

C
-IP

L

20
15

G
ao

57
A

rc
hi

ve
s 

of
 

G
er

on
to

lo
gy

 a
nd

 

G
er

ia
tr

ic

C
S

A
D

: 2
5,

 a
M

C
I: 

26
, H

C
: 2

1

A
D

: 7
4.

72
 ±

 1
.3

9,
 a

M
C

I: 
73

.4
2 

± 

1.
54

, H
C

: 7
2.

05
 ±

 1
.0

2

A
D

: 1
1/

14
, H

C
: 1

4/
 

7,
 a

M
C

I: 
16

/1
0

B
C

, N
I

C
-H

D
R

N
FL

, M
V

R
N

FL
, M

V

20
14

G
ar

ci
a-

 

M
ar

tin
71

O
ph

th
al

m
ol

og
y

C
S

A
D

: 2
0,

 H
C

: 2
8

A
D

: 7
9.

3 
± 

4.
1,

 H
C

: 7
2.

1 
± 

5.
1

A
D

: 8
/1

2,
 H

C
: 9

/9
U

C
, N

P
T

M
T,

 M
V,

 

pR
N

FL

M
T,

 M
V

20
16

G
ar

ci
a-

 

M
ar

tin
70

A
ct

a 

O
ph

th
al

m
ol

C
S

A
D

: 1
50

, H
C

: 7
5

A
D

: 7
5.

33
, H

C
: 7

4.
79

A
D

: 6
6/

84
, H

C
: 3

3/
 

42

U
N

P, 
C

H
RT

R
N

FL
, G

C
L,

 

IP
L,

 O
N

L

20
14

G
ha

rb
iy

a58
Jo

ur
na

l o
f 

A
lz

he
im

er
’s 

D
is

ea
se

C
S

A
D

: 2
1,

 H
C

: 2
1

A
D

: 7
3.

1 
± 

6.
9,

 H
C

: 7
0.

3 
± 

7.
3

A
D

: 1
0/

11
, H

C
: 7

/ 

14

B
C

, N
P

H
R

N
FL

, M
T,

 

C
T,

 R
T

C
T

20
15

G
ün

eş
74

Tu
rk

 J 
M

ed
 S

ci
.

C
C

A
D

: 4
0,

 H
C

: 4
0

A
D

: 7
5.

02
 ±

 6
.3

4,
 H

C
: 7

4.
15

 ±
 

5.
76

n/
a

U
C

, N
P

O
R

N
FL

R
N

FL

20
19

H
ad

ou
x25

N
at

 C
om

m
un

C
C

A
B+

: 1
5,

 A
B-

: 2
0

A
B+

: 6
8.

5 
± 

8.
1,

 A
B-

: 6
9.

1 
± 

2.
7

A
B+

: 2
/1

3,
 A

B-
: 7

/ 
13

B
IH

, N
P

H
R

N
FL

N
on

e (C
on

tin
ue

d)

Eye and Brain 2021:13                                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                            
5

Dovepress                                                                                                                                                             Song et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

Fi
rs

t 
A

ut
ho

r
Jo

ur
na

l
St

ud
y 

Ty
pe

Sa
m

pl
e 

Si
ze

, n
M

ea
n 

A
ge

, Y
ea

rs
Se

x 
(M

/F
)

N
o.

 
of

 
E

ye
s

Te
st

 
fo

r 
A

D
O

C
T

/ 
O

C
TA

 
Sy

st
em

a

O
C

T
/ 

O
C

TA
 

P
ar

am
et

er
s

Si
gn

ifi
ca

nt
 

P
ar

am
et

er
sb

20
06

Is
er

i59
Jo

ur
na

l o
f 

N
eu

ro
- 

op
ht

ha
lm

ol
og

y

C
S

A
D

: 1
4,

 H
C

: 1
5

A
D

: 7
0.

1 
± 

9.
7,

 H
C

: 6
5.

1 
± 

9.
8

A
D

: 6
/8

, H
C

: 7
/8

B
N

P
O

R
N

FL
, M

T,
 

M
V

R
N

FL
, M

V,
 

M
M

SE

20
18

Jia
ng

27
Jo

ur
na

l o
f 

N
eu

ro
- 

op
ht

ha
lm

ol
og

y

C
S

A
D

: 1
2,

 M
C

I: 
19

, 

H
C

: 2
1

A
D

: 7
3.

3 
± 

9.
6,

 M
C

I: 
69

.6
 ±

 9
.8

, 

H
C

: 6
7.

6 
± 

8.
3

A
D

: 7
/5

, H
C

: 7
/1

4,
 

M
C

I: 
7/

12

U
N

P, 
C

O
V

D
, G

C
-IP

L
V

D
, G

C
-IP

L

20
18

Jia
ng

26
PL

oS
 O

N
E

C
S

A
D

: 2
0,

 M
C

I: 
20

, 

H
C

: 2
1

A
D

: 7
3.

1 
± 

8.
4,

 M
C

I: 
69

.0
 ±

 8
.2

, 

H
C

: 6
8.

3 
± 

8.
6

A
D

: 1
0/

10
, M

C
I: 

8/
 

12
, H

C
: 1

0/
11

B
C

, N
P

C
-S

D
G

C
-IP

L
G

C
-IP

L

20
11

K
es

le
r83

C
lin

ic
al

 

N
eu

ro
lo

gy
 a

nd
 

N
eu

ro
su

rg
er

y

C
S

A
D

: 3
0,

 M
C

I: 
24

, 

H
C

: 2
4

A
D

: 7
3.

7 
± 

9.
9,

 M
C

I: 
71

 ±
 1

0,
 

H
C

: 7
0.

9 
± 

9.
2

n/
a

B
C

O
R

N
FL

R
N

FL

20
19

K
im

28
PL

oS
 O

N
E

C
C

aM
C

I: 
14

, m
ild

- 
m

od
er

at
e 

A
D

: 7
, 

se
ve

re
 A

D
: 9

, 

H
C

: 1
7

aM
C

I: 
68

.6
± 

7.
9,

 M
ild

-m
od

er
at

e 
A

D
: 7

6.
0 

± 
11

.1
, s

ev
er

e 
A

D
: 7

4.
2 

± 
5.

9,
 H

C
: 7

3.
6±

 7
.5

aM
C

I: 
6/

8,
 m

ild
- 

m
od

er
at

e 
A

D
: 5

/2
, 

se
ve

re
 A

D
: 4

/5
, H

C
: 

9/
8

n/
a

C
, N

P
C

-H
D

G
C

-IP
L,

 
R

N
FL

, M
T

G
C

-IP
L,

 M
T,

 
R

N
FL

20
13

K
ir

ba
s60

Jo
ur

na
l o

f 

N
eu

ro
- 

op
ht

ha
lm

ol
og

y

C
S

A
D

: 4
0,

 H
C

: 4
0

A
D

: 6
9.

3 
± 

4.
9,

 C
on

tr
ol

s:
 6

8.
9 

± 

5.
1

A
D

: 2
2/

18
, H

C
: 2

0/
 

20

B
N

P, 
N

I
SD

-O
C

T
R

N
FL

R
N

FL

20
14

K
ro

m
er

61
Fr

on
tie

r 
in

 
Ps

yc
hi

at
ry

C
S

A
D

: 2
2,

 H
C

: 2
2

A
D

: 7
5.

9 
± 

6.
1,

 C
on

tr
ol

s:
 6

4 
± 

8.
2

A
D

: 8
/1

4,
 H

C
: 7

/1
5

B
N

P, 
N

I, 
IH

H
R

N
FL

R
N

FL

20
17

K
w

on
29

K
or

ea
n 

Jo
ur

na
l 

of
 

O
ph

th
al

m
ol

og
y

C
S

A
D

: 3
0,

 M
C

I: 
30

, 
H

C
: 3

0
A

D
: 7

3.
6 

± 
3.

67
, M

C
I: 

72
.1

7 
± 

4.
98

, H
C

: 7
0.

93
 ±

 4
.6

8
To

ta
l: 

30
/6

0
B

C
, N

P, 
N

I
C

-H
D

R
N

FL
, M

V,
 

M
T

R
N

FL

20
16

La
 M

or
gi

a62
A

nn
al

s 
of

 

N
eu

ro
lo

gy

C
C

A
D

: 2
1,

 H
C

: 7
4

A
D

: 7
1.

2 
± 

10
.5

, H
C

: 6
9.

1 
± 

8.
1

A
D

: 1
1/

10
, H

C
: 3

2/
 

43

U
C

, N
P

S
R

N
FL

R
N

FL

20
18

La
d30

PL
oS

 O
N

E
C

S
A

D
: 1

5,
 M

C
I: 

15
, 

H
C

: 1
8

A
D

: 7
4.

2 
± 

8.
98

, M
C

I: 
73

.0
7 

± 

9.
06

, H
C

: 7
5.

17
 ±

 5
.9

2

A
D

: 8
/7

, H
C

: 1
0/

8,
 

M
C

I: 
7/

8

B
C

, N
P, 

N
I

H
N

FL
, G

C
-IP

L,
 

M
T

M
T

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                                

Eye and Brain 2021:13 6

Song et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


20
18

La
hm

e31
Jo

ur
na

l o
f 

A
lz

he
im

er
’s 

D
is

ea
se

C
S

A
D

: 3
6,

 H
C

: 3
8

A
D

: 6
7.

97
 ±

 9
.3

, H
C

: 6
6.

08
 ±

 

10
.1

1

A
D

: 1
5/

21
, H

C
: 1

4/
 

23

U
C

, N
P, 

N
I, 

IH

O
FD

, F
A

Z
FD

20
14

La
rr

os
a72

In
ve

st
 

O
ph

th
al

m
ol

 V
is

 

Sc
i

C
S

A
D

: 1
50

, H
C

: 6
1

A
D

: 7
5.

29
, H

C
: 7

4.
87

A
D

: 5
6/

95
, H

C
: 2

3/
 

38
U

N
P, 

C
C

-S
D

, H
RT

, R
N

FL
RT

, R
N

FL

20
16

Le
e87

A
lz

he
im

er
’s 

R
es

ea
rc

h 
&

 
T

he
ra

py

C
S

A
D

: 1
8,

 H
C

: 2
6

A
D

: 6
9.

7 
± 

7.
6,

 H
C

: 6
3.

4 
± 

8.
0

A
D

: 7
/1

1,
 H

C
: 1

2/
 

14

U
C

H
LC

T
LC

T

20
15

Li
u76

BM
C

 N
eu

ro
lo

gy
C

S
Se

ve
re

 A
D

: 1
9,

 
M

od
er

at
e 

A
D

: 

24
, M

ild
 A

D
: 2

4,
 

M
C

I: 
26

, H
C

: 3
9

Se
ve

re
 A

D
: 7

2.
1 

± 
4.

6,
 

M
od

er
at

e 
A

D
: 7

0.
8 

± 
6.

1,
 

M
ild

 A
D

: 7
1.

3 
± 

4.
9,

 M
C

I: 
70

.2
 ±

 

6.
5,

 H
C

: 6
9.

7 
± 

7.
8

Se
ve

re
 A

D
: 9

/1
0,

 
M

od
er

at
e 

A
D

: 1
1/

 

13
, M

ild
 A

D
: 9

/1
5,

 

M
C

I: 
12

/1
4,

 H
C

: 1
7/

 
22

U
C

, N
P

S
R

N
FL

R
N

FL

20
10

Lu
84

N
eu

ro
sc

i L
et

t
C

S
A

D
: 2

2,
 H

C
: 2

2
A

D
: 7

3 
± 

8,
 H

C
: 6

8 
± 

9
A

D
: 1

0/
12

, H
C

: 1
0/

 
12

B
C

O
R

N
FL

R
N

FL

20
20

M
ar

qu
ié

32
A

lz
he

im
er

s 
R

es
 

T
he

r
P

(T
1)

 A
B+

: 1
5,

 
A

B-
: 1

14
, (

T
2)

 

A
B+

: 2
2,

 A
B-

: 

10
7,

 (
T

2)
 S

C
D

: 
11

4,
 M

C
I: 

15

(T
1)

 A
B+

: 6
8.

49
 ±

 4
.7

6,
 A

B-
: 

64
.2

2 
± 

7.
41

, (
T

2)
 A

B+
: 7

0.
82

 ±
 

5.
48

, A
B-

: 6
5.

70
 ±

 7
.2

9,
 (

T
2)

 

SC
D

: 6
5.

76
 ±

 6
.7

7,
 M

C
I: 

72
.7

3.
 ±

 
8.

12

(T
1)

 A
B+

: 5
/1

0,
 A

B-
 

: 4
3/

71
, (

T
2)

 A
B+

: 

9/
13

, A
B-

: 3
9/

68
, 

(T
2)

 S
C

D
: 4

2/
72

, 
M

C
I: 

6/
9

U
IH

, N
P, 

C
T

M
T,

 R
N

FL
M

T

20
13

M
ar

zi
an

i63
In

ve
st

 
O

ph
th

al
m

ol
 V

is
 

Sc
i.

C
C

A
D

: 2
1,

 H
C

: 2
1

A
D

: 7
9.

3 
± 

5.
7,

 H
C

: 7
7.

0 
± 

4.
2

A
D

: 4
/1

7,
 H

C
: 5

/1
6

U
C

, N
P

H
, O

RT
, R

N
FL

, 
R

N
FL

-G
C

L
R

N
FL

, R
N

FL
- 

G
C

L

20
12

M
or

en
o-

 

R
am

os
64

Jo
ur

na
l o

f 

A
lz

he
im

er
’s 

D
is

ea
se

C
S

A
D

: 1
0,

 L
BD

: 1
0,

 

PD
: 1

0,
 H

C
: 1

0

n/
a

A
D

: 6
/4

, H
C

: 6
/4

, 

LB
D

: 5
/5

, P
D

: 6
/4

B
C

, N
P

T
R

N
FL

R
N

FL

20
12

M
os

ch
os

86
C

ur
r 

A
lz

 R
es

C
S

A
D

: 3
0,

 H
C

: 3
0

A
D

: 7
1.

77
 ±

 8
.5

6,
 H

C
: 7

1.
77

 

±8
.5

6

A
D

: 1
5/

15
, H

C
: 1

5/
 

15

U
C

S
M

T,
 p

R
N

FL
M

T,
 p

R
N

FL

20
18

M
ut

lu
33

JA
M

A
 N

eu
ro

l
R

C
41

 d
em

en
tia

To
ta

l: 
68

.9
 (

9.
9)

14
10

/1
87

9
U

C
, N

P, 

N
I

T
R

N
FL

, G
C

- 

IP
L

G
C

-IP
L

(C
on

tin
ue

d)

Eye and Brain 2021:13                                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                            
7

Dovepress                                                                                                                                                             Song et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

Fi
rs

t 
A

ut
ho

r
Jo

ur
na

l
St

ud
y 

Ty
pe

Sa
m

pl
e 

Si
ze

, n
M

ea
n 

A
ge

, Y
ea

rs
Se

x 
(M

/F
)

N
o.

 
of

 
E

ye
s

Te
st

 
fo

r 
A

D
O

C
T

/ 
O

C
TA

 
Sy

st
em

a

O
C

T
/ 

O
C

TA
 

P
ar

am
et

er
s

Si
gn

ifi
ca

nt
 

P
ar

am
et

er
sb

20
19

N
un

es
34

PL
oS

 O
N

E
C

S
A

D
: 2

0,
 P

D
: 2

8,
 

H
C

: 2
7

A
D

: 6
6.

3(
6.

8)
, H

C
: 6

4.
1(

7.
1)

, P
D

: 
63

.4
(6

.6
)

A
D

: 1
0/

10
, H

C
: 1

3/
 

14
, P

D
: 1

3/
15

B,
 U

C
, N

I, 
IH

C
-S

D
RT

N
on

e

20
18

O
’B

ry
hi

m
35

JA
M

A
 

O
ph

th
al

m
ol

C
C

A
B+

: 1
4,

 A
B-

: 1
6

A
B+

: 7
3.

5 
± 

4.
7,

 A
B-

: 7
5.

4 
± 

6.
6

A
B+

: 8
/6

, A
B-

: 6
/1

0
B

IH
O

R
N

FL
, G

C
L,

 
FT

, V
D

, M
V,

 

FA
Z

FA
Z

, F
T

20
15

O
kt

em
78

N
eu

ro
l S

ci
C

S
A

D
: 3

5,
 M

C
I: 

35
, 

H
C

: 3
5

A
D

: 7
5.

4 
± 

6.
9,

 M
C

I: 
74

.1
 ±

 6
.3

, 

H
C

: 7
0.

2 
± 

8.
0

A
D

: 1
4/

21
, M

C
I: 

15
/ 

20
, H

C
: 1

2/
23

B
C

, N
P

C
-H

D
R

N
FL

R
N

FL

20
01

Pa
ri

si
66

C
lin

ic
al

 

N
eu

ro
ph

ys
io

lo
gy

C
S

A
D

: 1
7,

 H
C

: 1
4

A
D

: 7
0.

37
 ±

 6
.1

, H
C

: n
/a

A
D

: 8
/9

, H
C

= 
n/

a
U

C
, N

P, 

N
I

S
R

N
FL

R
N

FL

20
07

Pa
qu

et
65

N
eu

ro
sc

ie
nc

e 

Le
tt

er
s

C
S

M
ild

 A
D

: 1
4,

 

m
od

er
at

e-
 

se
ve

re
 A

D
: 1

2,
 

aM
C

I: 
23

, H
C

: 1
5

H
C

: 7
5.

5±
5.

1,
 a

M
C

I: 
78

.7
±6

.2
, 

m
ild

 A
D

: 7
8.

3±
5.

1,
 s

ev
er

e 
A

D
: 

78
.8

±4
.9

M
ild

 A
D

: 5
/9

, 

Se
ve

re
 A

D
: 6

/6
, 

H
C

: 2
/1

3,
 a

M
C

I: 
8/

 

15

B
N

P
S

R
N

FL
R

N
FL

20
16

Pi
lla

i75
A

m
 J 

A
lz

he
im

er
s 

D
is

 O
th

er
 

D
em

en

C
S

A
D

: 2
1,

 a
M

C
I: 

21
, n

on
-A

D
: 2

0,
 

PD
: 2

0,
 H

C
: 3

4

A
D

: 6
5.

8 
± 

11
.1

, a
M

C
I: 

68
.2

 ±
 

6.
7,

 n
on

-A
D

: 6
8.

7 
± 

8.
4,

 P
D

: 6
2.

6 

± 
9.

5,
 H

C
: 6

5.
1 

± 
8.

3

A
D

: 8
/1

3,
 a

M
C

I: 
9/

 

12
, n

on
-A

D
: 1

1/
9,

 

PD
: 1

1/
9,

 H
C

: 2
0/

14

B
C

, N
P, 

N
I

C
-H

D
R

N
FL

, G
C

L,
 

M
V

N
on

e

20
14

Po
lo

67
Ey

e 
(L

on
d)

C
S

A
D

: 7
0,

 H
C

: 7
0

A
D

: 7
4.

15
 ±

 9
.1

5,
 H

C
: 7

3.
98

 ±
 

9.
05

A
D

: 3
0/

40
, H

C
: 3

0/
 

40

U
C

, N
P

H
, C

RT
, R

N
FL

RT
, R

N
FL

20
17

Po
lo

36
Ey

e 
(L

on
d)

C
S

A
D

: 2
4,

 H
C

: 2
4

A
D

: 7
4.

42
 ±

 8
.8

8,
 H

C
: 7

2.
94

 ±
 

7.
40

n/
a

U
C

, N
P

C
-H

D
M

T,
 R

N
FL

M
T,

 R
N

FL

20
19

Q
ue

rq
ue

s37
Sc

ie
nt

ifi
c 

R
ep

or
ts

C
C

A
D

: 1
2,

 M
C

I: 
12

, 

H
C

: 3
2

A
D

: 7
2.

9 
± 

7.
2,

 M
C

I: 
76

.3
 ±

 6
.9

, 

H
C

: 7
1.

6 
± 

5.
9

A
D

: 4
/8

, H
C

: 1
7/

15
, 

M
C

I: 
5/

7

U
N

P, 
N

I, 

IH

S,
 O

R
N

FL
, G

C
L,

 

IP
L,

 G
C

C
, 

V
D

,

G
C

L

20
20

R
ob

bi
ns

54
A

m
 

J O
ph

th
al

m
ol

.
C

S
A

D
: 6

7,
 M

C
I: 

74
, 

H
C

: 1
37

A
D

: 7
2.

76
 ±

 8
.0

7,
 M

C
I: 

70
.0

4 
± 

11
.5

3,
 H

C
: 6

9.
23

 ±
 7

.7
1

A
D

: 2
3/

44
, M

C
I: 

33
/ 

41
, H

C
: 3

8/
99

B
C

, N
P

C
-H

D
C

T,
 T

C
A

, 
LA

, C
V

I
T

C
A

, L
A

, C
V

I

20
15

Sa
lo

br
ar

- 
G

ar
ci

a80

Bi
om

ed
 R

es
 In

t
C

S
A

D
: 2

3,
 H

C
: 2

8
A

D
: 7

9.
3 

± 
4.

6,
 H

C
: 7

2.
3 

± 
5.

1
A

D
: 9

/1
4,

 H
C

: 9
/1

9
U

C
, N

P
T

M
T,

 M
V,

 
pR

N
FL

M
T,

 M
V

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                                

Eye and Brain 2021:13 8

Song et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


20
19

Sa
lo

br
ar

- 
G

ar
cí

a38

PL
O

S 
O

N
E

C
C

M
ild

 A
D

: 3
9,

 
m

od
er

at
e 

A
D

: 

21
, H

C
: 4

0

n/
a

n/
a

U
N

P
T

RT
, M

T,
 

R
N

FL
M

T,
 R

N
FL

, 
G

C
L,

 O
PL

, 

O
N

L,
 C

T

20
18

Sá
nc

he
z39

Sc
i R

ep
R

C
aM

C
I: 

19
2,

 A
D

: 

32
4,

 H
C

: 4
14

A
D

: 7
8.

99
 ±

 7
.8

7,
 a

M
C

I: 
76

.4
6 

± 

7.
14

, H
C

: 6
5.

93
 ±

 9
.0

1

A
D

: 8
4/

24
0,

 a
M

C
I: 

84
/1

08
, H

C
: 1

34
/ 

28
0

U
C

, N
P

T
R

N
FL

N
on

e

20
18

Sa
nt

os
40

A
lz

he
im

er
s 

D
em

en
t 

(A
m

st
)

C
S

Pr
ec

lin
ic

al
 A

D
: 

15
, H

C
: 4

1

Pr
ec

lin
ic

al
 A

D
: 6

8.
25

 ±
 5

.8
, 

co
nt

ro
l: 

64
.5

6 
± 

5.
26

A
D

: 4
/1

1,
 H

C
: 1

7/
 

24

B
C

, N
P, 

IH

H
R

N
FL

, R
T

m
R

N
FL

, O
N

L,
 

IP
L

20
18

Sh
ao

41
J A

lz
he

im
er

s 
D

is
C

S
A

D
: 2

5,
 M

C
I: 

24
, 

H
C

: 2
1

A
D

: 7
4 

± 
8,

 M
C

I: 
69

 ±
 8

, H
C

: 6
8 

± 
7

A
D

: 1
3/

12
, M

C
I: 

14
/ 

10
, H

C
: 1

0/
11

B
C

, N
P

O
RT

R
N

FL
, G

C
-IP

L 
th

in
ni

ng
 a

nd
 

th
ic

ke
ni

ng
 o

f 

O
N

L 
an

d 
PR

 
la

ye
rs

 in
 A

D

20
13

Sh
i88

J A
lz

he
im

er
s 

D
is

P
St

ab
le

: 6
0,

 
co

nv
er

te
d:

 1
8

St
ab

le
: 7

4.
1 

± 
3.

7,
 c

on
ve

rt
ed

: 
75

.3
 ±

 4
.1

St
ab

le
: 2

6/
34

, 
co

nv
er

te
d:

 8
/1

0
B

C
C

-H
D

R
N

FL
R

N
FL

20
20

Sz
eg

ed
i42

A
ct

a 
O

ph
th

al
m

ol
C

S
A

D
: 2

3,
 M

C
I: 

24
, 

H
C

: 4
3

A
D

/M
C

I: 
73

.4
 ±

 8
.9

, H
C

: 7
0.

7 
± 

6.
9

A
D

/M
C

I: 
28

/1
9,

 
H

C
: 2

0/
23

U
C

, N
P

H
, O

R
N

FL
, C

RT
, 

BF
, V

di
, O

2 

sa
t

R
N

FL
, B

F, 
V

di

20
17

Tr
eb

ba
st

on
i43

A
lz

he
im

er
 D

is
 

A
ss

oc
 D

is
or

d

C
S

A
D

: 3
9,

 H
C

: 3
9

A
D

: 7
1.

1±
7.

2,
 H

C
: 7

0.
8±

6.
7

A
D

: 1
8/

21
, H

C
: 1

7/
 

22

U
C

, N
P

H
C

T
C

T

20
16

Tr
eb

ba
st

on
i79

N
eu

ro
sc

i L
et

te
rs

P
A

D
: 3

6,
 H

C
: 3

6
A

D
: 7

2.
0 

± 
7.

3,
 H

C
: 7

1.
7 

± 
6.

0
A

D
: 1

6/
20

, H
C

: 1
7/

 

19

U
C

, N
P, 

N
I

H
pR

N
FL

pR
N

FL

20
18

U
ch

id
a44

In
ve

st
 

O
ph

th
al

m
ol

 V
is

 

Sc
i

C
S

A
D

: 2
4,

 a
M

C
I: 

22
, n

on
-A

D
 

de
m

en
tia

: 2
0,

 
PD

: 2
2,

 H
C

: 3
6

A
D

: 6
5.

3 
± 

10
.3

, a
M

C
I: 

68
.9

 ±
 

6.
8,

 N
on

-A
D

 d
em

en
tia

: 6
8.

1 
± 

7.
7,

 P
D

: 6
2.

9 
± 

9.
7,

 H
C

: 6
5.

1 
± 

8.
3

A
D

: 7
/1

7,
 a

M
C

I: 
8/

 

14
, n

on
-A

D
 

de
m

en
tia

: 1
1/

9,
 P

D
: 

12
/1

0,
 H

C
: 1

4/
22

U
C

, N
P, 

N
I

C
-H

D
RT

N
on

e

20
19

va
n 

de
 

K
re

ek
e53

A
ct

a 
O

ph
th

al
m

ol
.

C
S

A
B+

: 1
8,

 A
B-

: 
14

7
O

ve
ra

ll:
 6

9.
5 

(6
.9

)
O

ve
ra

ll:
 7

0/
95

B
N

P, 
N

I
H

RT
, R

N
FL

, 
G

C
-IP

L,
 

pR
N

FL

N
on

e

20
20

W
u46

A
ct

a 

O
ph

th
al

m
ol

og
ic

a

C
S

A
D

: 1
8,

 M
C

I: 
12

, 

H
C

: 2
1

A
D

: 6
9.

94
 ±

 6
.3

9,
 M

C
I: 

67
.8

1 
± 

5.
96

, H
C

: 6
8.

67
 ±

 5
.8

5

A
D

: 1
0/

9,
 H

C
: 1

1/
 

10
, M

C
I: 

12
/9

B
C

, N
P, 

N
I

O
V

D
, F

A
Z

V
D

(C
on

tin
ue

d)

Eye and Brain 2021:13                                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                            
9

Dovepress                                                                                                                                                             Song et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

Fi
rs

t 
A

ut
ho

r
Jo

ur
na

l
St

ud
y 

Ty
pe

Sa
m

pl
e 

Si
ze

, n
M

ea
n 

A
ge

, Y
ea

rs
Se

x 
(M

/F
)

N
o.

 
of

 
E

ye
s

Te
st

 
fo

r 
A

D
O

C
T

/ 
O

C
TA

 
Sy

st
em

a

O
C

T
/ 

O
C

TA
 

P
ar

am
et

er
s

Si
gn

ifi
ca

nt
 

P
ar

am
et

er
sb

20
19

Yo
on

47
O

ph
th

al
m

ol
og

y 
R

et
in

a
C

S
A

D
: 3

9,
 M

C
I: 

37
, 

H
C

: 1
33

A
D

: 7
2.

8±
 7

.7
, M

C
I: 

71
.1

 ±
 7

.6
, 

H
C

: 6
9.

2±
 7

.8
A

D
: 1

3/
26

, H
C

: 3
6/

 
97

, M
C

I: 
17

/2
0

B
C

, N
P

C
-H

D
V

D
, F

D
, F

A
Z

, 
C

ST
, G

C
-IP

L,
 

R
N

FL

V
D

, G
C

-IP
L,

 
R

N
FL

20
19

Yo
on

48
O

ph
th

al
m

ic
 S

ur
g 

La
se

rs
 Im

ag
in

g 

R
et

in
a

C
S

A
D

: 9
, M

C
I: 

7
A

D
: 7

5.
2 

± 
7.

5,
 M

C
I: 

70
.7

 ±
 9

.1
n/

a
B

C
, N

P
C

-H
D

C
ST

, R
N

FL
 

an
d 

G
C

-IP
L,

 

FA
Z

, V
D

, P
D

V
D

20
19

Z
ab

el
50

In
ve

st
ig

at
iv

e 

O
ph

th
al

m
ol

og
y 

&
 V

is
ua

l S
ci

en
ce

C
S

A
D

: 2
7,

 P
O

A
G

: 

27
, H

C
: 2

7

A
D

: 7
4.

11
 ±

 5
.8

7,
 P

O
A

G
: 7

1.
85

 

± 
7.

06
, H

C
: 7

4.
26

 ±
 7

.6
6

A
D

: 6
/2

1,
 H

C
: 8

/1
9,

 

PO
A

G
: 1

0/
17

U
C

, N
P, 

IH

O
R

N
FL

, V
D

, 

FA
Z

V
D

, F
A

Z
, R

N
FL

20
19

Z
ab

el
49

M
ed

 S
ci

 M
on

it.
C

S
A

D
: 3

0,
 P

O
A

G
: 

30
, P

PG
: 3

0,
 H

C
: 

30

A
D

: 6
9.

97
 ±

 7
.0

7,
 P

O
A

G
: 6

9.
20

 
± 

8.
58

, P
PG

: 6
9.

10
 ±

 5
.6

9,
 H

C
: 

69
.7

0 
± 

7.
48

A
D

: 1
2/

18
, P

O
A

G
: 

15
/1

5,
 P

PG
: 1

3/
17

, 

H
C

: 1
3/

17

U
C

, N
P, 

N
I

H
R

N
FL

pR
N

FL

20
19

Z
ha

ng
52

PL
oS

 O
N

E
C

S
eA

D
/a

M
C

I: 
16

, 

H
C

: 1
6

aM
C

I/e
A

D
: 7

3.
03

 ±
 8

.2
4,

 H
C

: 

73
.6

0 
± 

7.
69

eA
D

/a
M

C
I: 

3/
13

, 

H
C

: 3
/1

3

U
C

, N
P

O
V

D
, B

F
V

D

20
19

Z
ha

ng
51

In
ve

st
 

O
ph

th
al

m
ol

 V
is

 

Sc
i.

C
S

aM
C

I: 
10

, e
A

D
: 

2,
 H

C
: 1

2

aM
C

I/e
A

D
: 7

1.
92

 ±
 5

.8
7,

 H
C

: 

72
.6

6 
± 

6.
43

aM
C

I/e
A

D
: 3

/9
, 

H
C

: 3
/9

U
C

, N
P, 

N
I

O
R

N
FL

R
N

FL

N
ot

es
: a O

th
er

 in
cl

ud
es

 A
ng

io
Vu

e 
O

C
TA

, O
C

T
 M

od
el

 3
00

0,
 c

us
to

m
 S

D
-O

C
T

 m
ac

hi
ne

s,
 a

nd
 o

th
er

s.
 b Si

gn
ifi

ca
nc

e 
th

re
sh

ol
d 

se
t 

at
 p

<0
.0

5.
 

A
bb

re
vi

at
io

ns
: A

B+
, A

ß 
am

yl
oi

d 
po

si
tiv

e;
 A

B-
, A

ß 
am

yl
oi

d 
ne

ga
tiv

e;
 A

D
, A

lz
he

im
er

’s 
di

se
as

e;
 a

M
C

I, 
am

ne
st

ic
 m

ild
 c

og
ni

tiv
e 

im
pa

ir
m

en
t; 

B,
 b

ila
te

ra
l; 

BF
, b

lo
od

 fl
ow

; e
A

D
, e

ar
ly

 o
ns

et
 A

lz
he

im
er

’s 
di

se
as

e;
 C

, c
lin

ic
al

 d
ia

gn
os

tic
 c

ri
te

ri
a;

 
C

C
, c

as
e–

co
nt

ro
l s

tu
dy

; C
F, 

ch
or

oi
da

l fl
ow

; C
S,

 c
ro

ss
-s

ec
tio

na
l s

tu
dy

; C
T,

 c
ho

ro
id

al
 t

hi
ck

ne
ss

; C
-H

D
, C

ir
ru

s 
H

D
-O

C
T;

 C
-S

D
, C

ir
ru

s 
SD

-O
C

T;
 C

V
I, 

ch
or

oi
da

l v
as

cu
la

ri
ty

 in
de

x;
 F

A
Z

, f
ov

ea
l a

va
sc

ul
ar

 z
on

e;
 F

T,
 fo

ve
al

 t
hi

ck
ne

ss
; G

C
-IP

L,
 

ga
ng

lio
n 

ce
ll-

in
ne

r 
pl

ex
ifo

rm
 la

ye
r;

 G
C

C
, g

an
gl

io
n 

ce
ll 

co
m

pl
ex

; H
C

, h
ea

lth
y 

co
nt

ro
ls

; I
H

, i
m

m
un

oh
is

to
ch

em
ic

al
 s

ta
in

in
g;

 L
A

, l
um

in
al

 a
re

a;
 L

BD
, L

ew
y 

bo
dy

 d
em

en
tia

; M
C

I, 
m

ild
 c

og
ni

tiv
e 

im
pa

ir
m

en
t; 

M
T,

 m
ac

ul
ar

 t
hi

ck
ne

ss
; M

V,
 m

ac
ul

ar
 

vo
lu

m
e;

 N
P, 

ne
ur

op
sy

ch
ol

og
ic

al
 t

es
tin

g;
 N

I, 
ne

ur
oi

m
ag

in
g 

st
ud

y;
 S

C
D

, s
ub

je
ct

iv
e 

co
gn

iti
ve

 d
ec

lin
e;

 U
, u

ni
la

te
ra

l; 
O

, O
th

er
; O

R
L,

 o
ut

er
 r

et
in

al
 la

ye
rs

; P
, p

ro
sp

ec
tiv

e 
st

ud
y;

 P
D

, P
ar

ki
ns

on
’s 

de
m

en
tia

; P
O

A
G

, p
ri

m
ar

y 
op

en
 a

ng
le

 g
la

uc
om

a;
 

PP
G

, p
re

pe
ri

m
et

ri
c 

gl
au

co
m

a;
 p

R
N

FL
, p

er
ip

ap
ill

ar
y 

re
tin

al
 n

er
ve

 fi
be

r 
la

ye
r;

 R
C

, r
et

ro
sp

ec
tiv

e 
co

ho
rt

 s
tu

dy
; R

T,
 r

et
in

al
 th

ic
kn

es
s 

m
ea

su
re

s;
 R

N
FL

, r
et

in
al

 n
er

ve
 fi

be
r 

la
ye

r;
 S

, S
tr

at
us

 O
C

T;
 T

, T
op

co
n 

3D
 O

C
T;

 T
C

A
, t

ot
al

 c
ho

ro
id

al
 a

re
a;

 
V

D
, v

es
se

l d
en

si
ty

; V
di

, v
es

se
l d

ia
m

et
er

.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                                

Eye and Brain 2021:13 10

Song et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Four studies also included subjects with 
preclinical AD,32,35,40,53 defined as cognitively normal 
individuals who are positive for established AD biomar-
kers. Three studies also included patients with other forms 
of dementia, including Parkinson’s disease (PD), Lewy 
Body dementia (LBD), and unspecified non-AD dementia 
for comparison.44,64,75

Finally, regarding OCT/OCTA outcome parameters, 
studies utilizing OCT evaluated a combination of retinal 
layer thickness, macular volume and thickness, or choroi-
dal volume and thickness. Meanwhile, studies utilizing 
OCTA primarily examined a host of vascular parameters 
such as retinal, macular, or choroidal vessel density or 
blood flow.

OCT
Optical coherence tomography (OCT) was first used to 
image the retina in 1991. It is frequently utilized for 
ophthalmic diagnosis and evaluation due to its non- 
invasiveness and higher spatial resolution than other ima-
ging modalities such as PET, CT, or MRI. There are three 
main types of OCT including time domain (TD), spectral 
domain (SD), and swept source (SS) OCT. The types of 
OCT differ by their scanning speeds, with TD-OCT cap-
turing the least number of scans per second (approximately 
400 A-scans per second), and SS-OCT capturing the great-
est number of scans per second (approximately 100,000– 
400,000 A-scans per second). SD-OCT averages between 
20,000 and 40,000 A-scans per second with a higher reso-
lution than the earlier TD-OCT. Enhanced depth imaging 
(EDI) is an additional technology that allows for better 
visualization of the choroid, and it is often used in con-
junction with SD-OCT.89 SD-OCT is the most common 
type of OCT used in clinical practice due to its 

affordability when compared to SS-OCT and its increased 
spatial resolution when compared to TD-OCT.

Findings
The primary outcome parameters for OCT analyses 
included measurements of retinal layer thickness, macular 
volume and thickness, and choroidal volume and thickness 
as described below.

Thinning of the Retina
Of the studies that used OCT to compare patients with AD 
to cognitively normal HCs, the majority found 
a statistically significant association between the diagnosis 
of AD and thinning of retinal layers.20,26,28,29,33,36,38,40–42, 

48,49,56,57,59,60,62–64,66–70,72–74,76–79,81–86 Retinal thinning 
was often most pronounced in the inner layers such as 
the retinal nerve fiber layer (RNFL) and ganglion cell- 
inner plexiform layer (GC-IPL), a three-layer structure 
that is sometimes referred to as the ganglion cell complex 
(GCC). Moreover, Uchida et al specifically demonstrated 
that thickness of the outer retinal layers was not associated 
with AD or other forms of dementia.44

Furthermore, while overall mean RNFL (mRNFL) 
thickness tends to be reduced in AD patients, several studies 
have shown that this thinning is often markedly pronounced 
in the superior quadrants and is at times restricted to these 
quadrants.20,29,60–62,82 Conversely, several studies have 
shown no significant difference between AD patients and 
controls with regards to retinal thickness.21,22,27,30,39,55,58,75 

Moreover, a twin study which evaluated preclinical AD 
patients concluded that there was no difference between 
RNFL thickness and beta-amyloid (Aβ) status, and sug-
gested that variation in retinal thickness may be attributable 
to genetic variation between individuals.45 On the other 
hand, the largest prospective cohort study to date, which 

Table 2 Descriptive Statistics of Diagnostic Groups Presented in the Current Review

Characteristics Overall AD MCI HC

Total Number Patients, n 6757 2350 793 2902

Sample size, n

Mean ± SD – 38.52 ± 46.44 30.50 ± 35.53 46.81 ± 56.38
Median [min; max] 25 [2; 324] 24 [7; 192] 31 [8; 414]

Age at baseline, years
Mean ± SD – 72.78 ± 3.69 71.52 ± 2.88 70.55 ± 3.85

Sex (F), n (%) – 1247 (53.1) 338 (42.6) 1343 (46.3)

Notes: Values are shown as mean ± SD, unless otherwise noted. 
Abbreviations: AD, Alzheimer’s disease; HC, healthy controls; MCI, mild cognitive impairment; SD, standard deviation.
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enrolled nearly 3300 patients, found that RNFL thinning 
was associated with an increased risk of dementia, particu-
larly dementia due to AD.33

Interestingly, the retinal thinning observed in patients 
with AD may represent a non-specific marker of cognitive 
decline. In the majority of articles reviewed, patients with 
MCI often had significantly reduced RNFL thickness 
when compared to healthy controls.26,41,42,56,57,76–78 

Moreover, when comparing the retinal thickness of 
patients with AD to those with MCI, a few studies found 
that patients with AD had significantly greater retinal 
thinning when compared to both healthy controls and 
MCI patients.57,77,81,83 However, Paquet et al did not 
detect a significant difference in retinal thickness 
between AD and MCI patients, particularly in patients 
classified as having mild AD.65 It is possible that the 
variation between these findings may stem from differ-
ences in sample size, with smaller samples being under-
powered to detect a significant change. In particular, 
Paquet et al used both a smaller sample size and more 
comparison groups as they stratified patients with AD into 
two groups (mild versus moderate-severe), further 
decreasing the effective power of the study. Also, MCI is 
a more general, non-specific clinical diagnosis than AD. 
Not all MCI patients will develop AD, and there are 
amnestic and non-amnestic sub-classifications of MCI 
which were not analyzed by all studies, likely due to 
small sample sizes; in fact, only ten out of the 24 studies 
with MCI subjects focused specifically on amnestic 
MCI,28,39,44,51,52,57,65,75,76,81 while other studies did not 
specify the type of MCI.24,26,27,29,30,37,41,42,46–48,54,56,78,83

Retinal thinning is also a more non-specific biomarker, 
and has been reported in a number of other neurodegenera-
tive diseases apart from AD.24,33,64,90–93 For example, in one 
study, Alzheimer’s, PD, and LBD patients were all shown to 
have reduced RNFL thickness when compared to healthy 
controls.64 Interestingly, Nunes et al recently reported 
a machine learning method capable of discriminating 
between AD and PD based on OCT images,34 representing 
a potential direction for future research in identifying AD- 
specific OCT biomarkers. Artificial intelligence in particular 
may offer sophisticated techniques for identifying subtle 
differences in retinal and microvascular architecture 
between AD and HC as well as other forms of dementia.

Macular Thickness and Volume
Twenty OCT studies included macular thickness and 
volume in their primary outcome measures.19–22,28,29,36,55, 

57–59,67–69,71,75,76,80,81,86 The results of these studies were 
slightly more nuanced than those that only measured ret-
inal layer thickness. While thirteen of the twenty studies 
showed that patients with AD tend to have significantly 
reduced macular volume and thickness, two studies 
showed evidence of potential dynamic changes occurring 
within the macula.30,38 Salobrar-Garcia et al found that 
macular layers were thinner in patients with mild AD 
and thicker in those with moderate AD when compared 
to controls.38 Similarly, although Lad et al did not find 
differences in retinal thickness between patients with AD 
and controls, there were many areas of either significant 
thickening or thinning of the macula in patients with AD, 
which researchers posited may reflect dynamic changes 
occurring along the spectrum of neurodegeneration.30

Of note, three studies showed a significant correlation 
between macular thickness and performance on the 
MMSE.28,55,59 In all three studies, decreased macular 
thickness was associated with both AD diagnosis and 
worse performance on the MMSE. Macular thickness 
was also shown to be correlated with degree of cortical 
atrophy in a study by den Haan and collaborators.22

Choroidal Thickness
Only four studies have examined differences in choroidal 
thickness between patients with AD and healthy controls 
using primarily OCT.43,54,55,58 Three studies showed that 
patients with AD have reduced choroidal thickness com-
pared to healthy controls. It has been postulated that chor-
oidal thinning observed in AD might be due to 
vasculopathy triggered by local Aβ deposition.43,55,58 

Similar to what has been described in the brain 
in AD,94,95 Aβ accumulation in the choroid may induce 
inflammatory responses and complement activation that 
progressively lead to neurodegeneration and regression of 
the choroidal vasculature.58 Consistent with this hypoth-
esis, a study utilizing a transgenic rat model of AD has 
demonstrated Aβ accumulation in the choroid and concur-
rent choroidal thinning.96

In contrast, a very recently published study did not find 
a significant difference in subfoveal choroidal thickness 
(SFCT) between individuals with AD, MCI, and healthy 
cognition after controlling for age, sex, and visual acuity.54 

Rather, total choroidal area (TCA), luminal area (LA), and 
choroidal vascularity index (CVI) differed between these 
groups, suggesting that TCA, LA, and CVI may be more 
appropriate parameters when compared to SFCT to 
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differentiate individuals with AD from those with MCI 
and from those who are cognitively healthy.

OCTA
Recent advances allow OCT systems to acquire a retinal 
angiogram through a non-invasive technique known as 
OCT angiography (OCTA), which can provide depth- 
resolved volumetric information about the choroidal and 
retinal microcirculation. It is well established that vascular 
factors contribute to cerebral neurodegeneration in 
Alzheimer’s disease.97 Based on the similarities and con-
tinuity between cerebral and retinal vasculature, OCTA 
offers a potential way to detect microvascular changes in 
Alzheimer’s disease via retinal blood flow.

Retinal Vessel Density, Perfusion Density 
and Foveal Avascular Zone Size
Several studies have investigated the retinal microvascu-
lature in patients with AD (Table 1).18,23,27,31,35,37, 

45–48,50,52,98 In patients with clinical AD, OCTA revealed 
reduced vessel density (VD) and perfusion density (PD) in 
both the superficial capillary plexus (SCP)18,27,31,45,47, 

48,52,98 and deep capillary plexus (DCP).27,46,50,52 

Furthermore, patients with AD were found to have 
a larger foveal avascular zone (FAZ) in comparison to 
healthy controls.18,46,98 While these trends were also 
observed in patients with MCI in some studies,27,46,50,52 

Yoon et al found no significant difference in VD, PD, or 
FAZ size between patients with MCI and healthy 
controls.47 Yet another study by den Haan et al detected 
no significant difference in retinal vascular measures— 
including VD and FAZ size— between amyloid-positive 
AD patients and amyloid-negative healthy controls.23 

Similarly, Querques et al did not find any significant 
difference in OCTA measures among AD, MCI, and the 
healthy control group.37 However, they did demonstrate 
a reduction in arterial dilation of the retina in patients 
with AD and MCI using a dynamic vessel analyzer, 
which was inversely correlated with the level of beta- 
amyloid in the CSF. This finding suggests that functional 
changes may precede morphological changes in retinal 
vessels.37

Peripapillary and Optic Nerve Head 
Microvasculature
Peripapillary OCTA has been a growing area of research 
in AD in recent years. The radial peripapillary capillaries 

(RPCs) are a distinctive vascular network within the 
RNFL around the optic disc that has fewer anastomoses 
when compared with the SCP, which may make the vessels 
more susceptible to vascular dysfunction.99 This makes 
RPC an attractive target for the study of AD.

Nevertheless, the limited number of studies that have 
been performed in this area found mixed results.31,50,52,100 

Lahme et al reported a reduction of peripapillary vessel 
density in patients with clinical AD.31 Conversely, two 
other studies found no significant differences in the peripa-
pillary vascularity between patients with AD and HC 
subjects.50,52 Similarly, Zhang et al did not detect any statis-
tically significant difference in peripapillary parameters 
between patients with amnestic MCI and HC.52 Lee et al 
reported more nuanced results: while patients with either 
MCI or subcortical vascular cognitive impairment (SVCI) 
had lower capillary density (CD) in RPC, the RPC CD in 
patients with AD was higher than those with SVCI in the 
superior and temporal quadrants of the RPC network.100 Part 
of this variation may be attributable to the lower reliability of 
peripapillary OCTA in certain quadrants. In particular, 
Robbins et al recently reported that temporal measurements 
were the least repeatable among peripapillary OCTA 
parameters.101 Further research is needed to evaluate the 
utility of peripapillary OCTA in AD.

Associations of OCTA Findings with 
Other AD Metrics
Other studies explored the correlations between OCTA 
findings and well-established AD metrics, providing 
further insight into the biological underpinning of these 
retinal microvascular abnormalities and their clinical sig-
nificance in AD. Two studies identified an inverse correla-
tion between retinal vessel density and the Fazekas scale, 
a radiographic measure of white matter lesions in the brain 
often used to assess patients with dementia.23,31 Yoon et al 
also reported that inferolateral ventricle volume was inver-
sely corrected with SCP vessel density and perfusion 
density.48 Furthermore, some groups have demonstrated 
significant associations between retinal VD and neurocog-
nitive testing results, including MoCA and MMSE 
scores.18,45 Though the association between OCTA find-
ings and clinical AD is not fully understood, the fact 
that AD neuroimaging and neurocognitive tests are asso-
ciated with OCTA findings supports the value of OCTA in 
the evaluation of AD.
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OCTA Findings in Preclinical AD
Given that AD usually does not become symptomatic until 
advanced neurodegeneration and vascular damage have 
already occurred, there is an urgent need for robust bio-
markers for AD early in its course when disease- 
modifying therapies are most likely to be effective.102 In 
this effort, several studies have investigated the utility of 
OCTA in preclinical AD, defined as cognitively unim-
paired individuals who are positive for established AD 
biomarkers. In a cross-sectional monozygotic twin study, 
124 cognitively healthy individuals underwent Aβ PET 
imaging and OCTA, which showed that Aβ+ individuals 
had significantly higher VD than Aβ- individuals in all 
regions; however, they did not differ in FAZ size.45 On the 
contrary, O’Bryhim et al demonstrated larger FAZ in sub-
jects with Aβ biomarkers than those without.35 Despite the 
great interest in identifying biomarkers for early diagnosis 
of AD, further research is needed to determine whether 
OCTA will prove useful in detecting preclinical AD.

Discussion
OCT and OCTA are non-invasive ophthalmic imaging 
studies which may represent new tools for the diagnosis 
and screening of AD by examining changes within the 
retina. The current review summarized findings from 71 
studies which aimed to detect specific changes in retinal 
structure and microvasculature in patients with AD. 
Although the results of these studies were somewhat 
mixed, there are certain OCT and OCTA findings that 
appear to be associated with AD diagnosis.

With regards to OCT findings, patients with AD often 
exhibit decreased retinal, macular, and choroidal thickness 
when compared to healthy controls.27,29,38,40,42,43,47,55–67, 

81–84 Given the embryological origins of the retina as an 
extension of the CNS, retinal atrophy may be considered 
akin to cortical atrophy insofar that it represents a non- 
specific marker of neurodegenerative disease.4 This 
hypothesis is further supported by a study that has found 
a significant association between OCT findings and the 
degree of cortical atrophy in patients with AD.22 It is 
important to note the limited specificity of retinal atrophy 
as a marker of cognitive decline. A number of studies have 
documented retinal thinning in other forms of dementia 
such as PD and LBD.64,90–93 Some studies have attempted 
to identify areas of the retina that undergo changes specific 
to AD. Although many of these studies suggest that the 
greatest thinning occurs in the superior quadrants of the 

inner retinal layers for patients with AD, the results are 
varied and prior studies lack sufficient statistical power to 
arrive at a consensus due to their limited sample 
size.20,29,60–62,82,83

Similarly, most of the studies that used OCTA in this 
review found reduced retinal vessel density and perfusion 
density in patients with AD when compared to healthy 
controls.37,46–48,50,52,98 Many of these patients were subse-
quently noted to have a larger FAZ.18,46,98 It has been 
previously established that there is a cerebrovascular com-
ponent of neurodegeneration in AD, and current literature 
suggests that similar changes can be seen in retinal vascu-
lature due to anatomical similarities.97 Furthermore, corre-
lations between OCTA findings and other objective 
measures of AD diagnosis, such as neuroimaging and 
cognitive testing, lend additional support to use of these 
ophthalmic imaging studies.18,23,31,45,48

There is ample preliminary evidence in the literature to 
support ongoing investigation of the use of OCT and 
OCTA for identification of potential biomarkers for AD. 
As noted previously, current research suggests that patients 
with AD may exhibit a pattern of thinning that is most 
pronounced in the superior quadrants of the inner retinal 
layers,29,61,62,82,83 and changes may also occur in the 
microvasculature of AD subjects relative to healthy 
controls.18,27,31,46–48,50,52 However, additional research is 
needed to determine whether these and other structural or 
microvascular changes will prove useful and cost-effective 
in a clinical setting. The development of sensitive and 
specific OCT and OCTA parameters for AD screening or 
diagnosis will require testing in different settings that 
account for the prevalence of AD.

As previously mentioned, these imaging tools possess 
unique advantages over current methods for 
diagnosing AD. OCT and OCTA are non-invasive and 
relatively affordable when compared to other methods 
such as CSF analysis or neuroimaging.103 They also 
produce instantaneous, high-resolution images, which 
may markedly improve efficiency. Finally, OCT/OCTA 
findings have been shown to be associated with other 
objective tools for AD diagnosis such as cortical atrophy, 
immunohistochemical staining, and results of neurocogni-
tive testing, which strengthens the case for their applica-
tion as diagnostic tools.17–19,22,23,31,32,40,45,48,55,59,64,87

One potentially important avenue for the use of OCT/ 
OCTA is in the early diagnosis and screening of 
preclinical AD. Current research suggests that it may be 
possible to detect microvascular and structural changes in 
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the retina before patients exhibit clinical signs of AD.35,40 

Several studies have demonstrated unique differences in 
retinal structure in patients with MCI compared to healthy 
controls or those with a diagnosis of AD.29,57,83 However, 
there is great variability among these studies, perhaps due 
to their sample sizes and the broad definitions of MCI for 
which there are multiple subtypes (eg amnestic and non- 
amnestic MCI). Studies including only amnestic MCI are 
more relevant to the study of AD,28,39,44,51,52,57,65,75,76,81 

but a number of the studies did not specify which subtype 
of MCI was included.24,26,27,29,30,37,41,42,46–48,54,56,78,83 

Further exploration of these imaging tools as screening 
measures for pre-clinical neurodegenerative changes is 
warranted, especially in larger cohorts of amnestic MCI 
patients.

There are several important limitations of the current 
review. Perhaps one of the most readily apparent is the 
limited sample size of most of the studies conducted to 
date. The average sample size for each of the diagnostic 
groups was small with a very wide range (Table 2), result-
ing in reduced statistical power that may have led to false- 
negative results. Furthermore, eight of 34 studies included 
multiple eyes per subject but did not report that proper 
adjustments for correlated measures were performed with 
either generalized estimating equations or mixed 
models.22,58–60,64,66,69,83 This lack of statistical adjustment 
for correlated measurements can lead to underestimation 
of the p-value and result in a type 1 statistical error. In 
addition, matching subjects according to demographic and 
clinical characteristics or controlling for these factors in 
multivariate analysis can limit the effect of known con-
founding variables and strengthen study conclusions. 
However, it is reassuring that the vast majority of studies 
included in this review either reported or attempted to 
account for potentially confounding factors (eg age, sex, 
or race) in the statistical analysis.17–68,70–88 Also, 
a majority of the studies were cross-sectional or retro-
spective, thus limiting causal inference; and only a small 
number were prospective.32,76,79,88 However, none of the 
studies to date have looked at changes in microvascular 
structure of AD or MCI patients over time in OCTA. 
Moreover, the existing prospective studies followed 
patients with OCT for at most 25 months.88 Longer fol-
low-up is needed to provide more temporal information 
regarding the interval development of AD and to capture 
progression to more advanced stages of disease. Whether 
OCT/OCTA will be able to detect early changes predictive 

of the future onset of AD or of AD severity should be 
investigated in future longitudinal studies.

Other limitations include the multitude of confounding 
factors that may influence differences in OCT/OCTA find-
ings. OCT and OCTA can be impacted by a number of 
artifacts, especially motion artifacts. Moreover, clinical 
factors such as elevated intraocular pressure, variable 
axial length, and refractive error have been previously 
shown to impact OCT measurements.104–106 Systemic 
comorbidities such as hypertension and diabetes mellitus 
may significantly impact retinal microvasculature and 
morphologic structure, thus influencing OCT and OCTA 
results.107,108 Other chronic eye diseases such as glaucoma 
or age-related macular degeneration may also impact the 
results of OCT/OCTA findings.109–111 In addition, certain 
OCT/OCTA findings such as FAZ size can vary by age, 
race, or sex,112,113 and can vary substantially between 
individuals thus limiting its utility. Moreover, if these 
factors are not controlled for in the analysis, then the 
relationship between FAZ and AD or MCI can be 
confounded.

Furthermore, studies vary widely by exclusion criteria 
and severity of disease (eg mild, moderate, or severe AD), 
leading to contradictory results. Likewise, studies that 
enroll a heterogeneous population in terms of patient 
demographic or clinical characteristics, and that do not 
correct for those characteristics, may be subject to the 
confounding biases described above. Variation in defini-
tions of OCT/OCTA parameters may also limit compar-
ability between studies and lead to inconsistent results. 
Studies utilizing more specific sub-groups (eg amnestic 
MCI) may therefore generate clearer results. However, 
current studies evaluating aMCI patients still displayed 
heterogeneity in results. For example, four of eight studies 
evaluating RNFL thickness in aMCI demonstrated RNFL 
thinning in aMCI patients compared to healthy 
controls,57,65,76,81 but the remaining four studies found 
no statistically significant differences.28,39,51,75 Some of 
the studies showing no differences were potentially 
underpowered28 or had significant demographic variation 
between groups,39 limiting the conclusions that could be 
drawn. Overall, it is not clear whether aMCI patients are 
consistently similar to AD patients in OCT/OCTA findings 
based on the current literature.

Similarly, it is theoretically possible that differences in 
OCT systems may explain some of the variability in study 
results. To the best of our knowledge, no study has com-
pared different OCT systems in terms of their application 
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to AD. However, previous studies investigating other dis-
eases such as glaucoma suggest that SD-OCT has better 
resolution, faster acquisition speed, better sensitivity, and 
less measurement variability when compared to TD- 
OCT.114–116 Among different SD-OCT systems, measure-
ments of parameters such as RNFL thickness further 
vary.117 Because of these differences between OCT sys-
tems, parameter values cannot be directly compared 
between devices. Future research is needed to determine 
the extent to which the results of OCT evaluations of AD 
differ depending on the OCT systems utilized.

Conclusions
In conclusion, findings from the current review suggest 
that there are statistically significant differences in the 
anatomical structure and microvascular blood flow of the 
retina in patients with neurodegeneration from AD when 
compared to healthy controls. Findings of increased retinal 
thinning and decreased perfusion and vessel density are 
the most well-documented findings associated with AD 
diagnosis. OCT/OCTA offer several notable advantages 
over current diagnostic methods for AD such as the fact 
that they are non-invasive, efficient, and relatively afford-
able. It is important to note, however, that these modalities 
are not without limitations and can be impacted by 
a number of factors including motion artifacts and other 
ophthalmic comorbidities. Although these OCT/OCTA 
results may be of potential use for early diagnosis and 
screening of AD, further larger-scale investigation is 
needed to identify whether OCT/OCTA can provide sensi-
tive and specific parameters that are cost-effective in clin-
ical or screening settings.

Future directions for research in this area include iden-
tification of AD-specific patterns of retinal structural and 
microvascular change that may help differentiate AD from 
other forms of neurodegenerative disease. While some 
studies suggest that patients with AD may exhibit certain 
patterns of retinal loss, these findings must first be repro-
duced with larger and more diverse samples to support 
these findings. Furthermore, although several theories have 
been proposed, the exact mechanism by which these ret-
inal alterations occur have yet to be determined.
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