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Abstract

• PURPOSE: To examine the association between cognitive dementia and retinal vascular 

occlusions.

• DESIGN: A retrospective, cross-sectional study.

• METHODS: Single-institution study population: we reviewed the electronic medical records of 

37,208 individuals older than 65 years of age who were evaluated by an ophthalmologist or an 

optometrist and who also had a medical visit to our institution over a 6-year period. Individuals 

with and without retinal vascular occlusions were identified by International Classification of 

Diseases, version 10 (ICD-10) diagnostic codes.

• MAIN OUTCOME: we analyzed the association between dementia and retinal vascular 

occlusions after adjusting for covariates which included age, sex, stroke, diabetes mellitus, and 

hypertension using multiple logistic regression analyses.

• RESULTS: Compared to subjects without retinal vascular occlusions, those with retinal 

vascular occlusions had a higher prevalence of dementia (6.7% vs. 9.3%, respectively; P < .001). 

After adjusting for either age or stroke, there were no significant associations between retinal 

vascular occlusions and dementia.

• CONCLUSIONS: Individuals with retinal vascular occlusions have a higher prevalence of 

dementia. However, this association is secondary to shared underlying risk factors in this 

population, such as older age and stroke.

Inquiries to Mathieu F. Bakhoum, Viterbi Family Department of Ophthalmology, University of California San Diego, 9415 Campus 
Point Drive, La Jolla, California 92093-0946, USA.; mathieu.bakhoum@gmail.com. 
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Dementia is a leading cause of morbidity and mortality in the elderly, and the increasing 

worldwide burden of dementia has sparked interest in identifying risk factors related to 

dementia.1–8 Retinal imaging has demonstrated that retinal vascular changes are detectable 

in individuals with dementia9–11 and that retinal vein occlusions have been recently shown 

to confer an increased risk of dementia.3 However, individuals with dementia and retinal 

vascular occlusions share common risk factors such as older age, cardiovascular disease, and 

stroke.1, 4–6, 12–31 What is unknown is whether retinal vascular occlusions are associated 

with increased risk of dementia, independent of these common risk factors.

METHODS

This was a retrospective, cross-sectional study conducted in accordance with the Health 

Insurance Portability and Accountability Act. Internal Review Board (IRB) approval was 

obtained from the University of California San Diego Health System.

We reviewed the records of 37,208 individuals older than 65 years of age, who were 

evaluated by an ophthalmologist or an optometrist and who also had a medical visit 

to our institution between January 1, 2015, and December 31, 2020. Individuals with 

retinal vascular occlusions were identified through International Classification of Diseases, 

edition 10 (ICD-10) diagnostic codes. In addition, we identified individuals with dementia 

(vascular dementia, ICD-10 F01; dementia in other diseases classified elsewhere, ICD-10 

F02; unspecified dementia, ICD-10 F03; Alzheimer’s disease, ICD-10 G30), stroke (cerebral 

infarction, ICD-10 I63), essential hypertension (ICD-10 I10) and type 2 diabetes mellitus 

(ICD-10 E11). Baseline characteristics of subjects with and without retinal vascular 

occlusions were compared using Student’s t-test and Pearson’s χ2 test, where applicable. 

Multivariate logistic regression models were used to analyze the association between retinal 

vascular occlusions and dementia. Odds ratios (OR) with 95% confidence intervals (CI) 

were calculated. Statistical analyses and graphs were generated using R version 4.0.3 

software (R Foundation, Vienna, Austria).

RESULTS

We identified 904 individuals with and 36,304 individuals without retinal vascular 

occlusions. Demographics and baseline characteristics of the study cohort are shown in 

Table 1. Individuals with retinal vascular occlusions were older than those without (79 vs. 76 

years of age, respectively; P < .001), and the proportion of females was lower in the retinal 

vascular occlusion group (51.0 vs. 57.2%, respectively; P < .001). There were no significant 

differences in race between the groups (P = .62). Compared to individuals without, those 

with retinal vascular occlusions had a higher prevalence for dementia (6.7% vs. 9.3%, 

respectively; P = .003), stroke (7.3% vs. 18.1%, respectively; P < .001), hypertension (62.1% 

vs. 77.0%, respectively; P <.001) and diabetes mellitus (26.9% vs. 36.4%, respectively; P < 

.001).

Given that dementia and retinal vascular occlusions share similar risk factors, we analyzed 

the association between dementia and retinal vascular occlusions after adjusting for each of 
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the significant covariates including age, sex, stroke, hypertension, and diabetes mellitus by 

using multiple logistic regression analyses.

After we adjusted for sex, hypertension, or diabetes, or all 3 covariates, retinal vascular 

occlusions were still significantly associated with dementia, with OR of 1.42 (95% CI: 1.12–

1.78], 1.27 (95% CI: 1.01–1.59), 1.36 (95% CI: 1.08–1.70), and 1.27 (95% CI: 1.00–1.58), 

respectively (Table 2). However, after we adjusted for either age or stroke there was no 

significant association between retinal vascular occlusions and dementia, OR 1.10 (95% CI: 

0.86–1.38) and 1.12 (95% CI: 0.88–1.41), respectively (Table 2).

We also analyzed the following associations between dementia and retinal vascular 

occlusions in different age groups: 65–74 years of age (n = 18,382), 75–84 years of 

age (n = 12,777), and ≥85 years of age (n = 6,049). Within each age group, there 

were no statistically significant differences in age between individuals with and without 

retinal vascular occlusions. There were no significant associations between retinal vascular 

occlusions and dementia in any of the 3 age groups. The OR were 0.93 (95% CI: 0.39–1.82) 

for individuals 65–74 years of age; 1.01 (95% CI: 0.66–1.48) for individuals 75–84 years of 

age; and 1.20 (95% CI: 0.86–1.63) for individuals ≥85 years of age, respectively (Table 2).

Finally, we analyzed the association between dementia and all of the covariates including 

retinal vascular occlusions. Stroke, older age, diabetes, and hypertension were each 

associated with dementia, whereas retinal vascular occlusions and female sex were not 

significantly associated with dementia (Figure). For retinal vascular occlusions, the OR of 

dementia was 0.88 (95% CI: 0.69–1.12).

DISCUSSION

We examined the association between the retinal vascular occlusions and dementia in a 

retrospective cohort of individuals older than 65 years of age. We found that individuals with 

retinal vascular occlusions have increased odds of having dementia, in line with a recently 

published report.3 However, after we adjusted for age or stroke, there were no significant 

associations between retinal vascular occlusions and dementia.

The major strengths of our study are the large sample size and adjustment for confounding 

risk factors for dementia. Limitations of this study include the inherent weakness of 

retrospective study design. Because we relied on diagnostic billing codes, there was 

a possibility for misclassification of diagnoses. Additionally, dementia is often under-

diagnosed in the clinical setting. We also did not examine the association between retinal 

vascular occlusions and individual subtypes of dementia such as Alzheimer’s disease, 

vascular dementia, and dementia with Lewy bodies. Additionally, the contributions of other 

factors associated with cognitive decline, including genetic risk factors and socioeconomic 

status, were not assessed. Finally, the cohort was composed mainly of Whites (66.8%) and 

Asians (12%), which limited the generalizability of our findings to other populations.

In conclusion, we demonstrate that the increased association between retinal vascular 

occlusions and dementia is secondary to shared underlying risk factors in this population, 

mainly older age and presence of stroke.
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FIGURE. 
Odds ratios for dementia. A multivariate logistic regression model was used to identify 

the presence of dementia. Covariates included stroke, female sex, hypertension, diabetes 

mellitus, and age groups 75–84 years of age and ≥85 years of age, with a reference age 

group of 65–74 years of age. Error bars represent 95% confidence intervals. The dotted line 

indicates an odds ratio of 1.

CHAN et al. Page 6

Am J Ophthalmol. Author manuscript; available in PMC 2022 June 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

CHAN et al. Page 7

TA
B

L
E

 1
.

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
St

ud
y 

C
oh

or
ta

R
et

in
al

 V
as

cu
la

r 
O

cc
lu

si
on

s 
P

re
se

nt
R

et
in

al
 V

as
cu

la
r 

O
cc

lu
si

on
s 

A
bs

en
t

P
 V

al
ue

n 
= 

90
4

n 
= 

36
,3

04

M
ea

n 
±

 S
D

 a
ge

, y
79

 ±
 8

76
 ±

 8
<

 .0
01

Fe
m

al
es

46
1 

(5
1.

0)
20

,7
56

 (
57

.2
)

<
 .0

01

R
ac

e
.6

2

W
hi

te
60

3 
(6

6.
7)

24
,2

69
 (

66
.8

)

A
si

an
11

2 
(1

2.
4)

5,
01

1 
(1

3.
8)

B
la

ck
33

 (
3.

7)
1,

06
7 

(2
.9

)

N
at

iv
e 

H
aw

ai
ia

n 
or

 P
ac

if
ic

 I
sl

an
de

r
4 

(0
.4

)
15

4 
(0

.4
)

A
m

er
ic

an
 I

nd
ia

n 
or

 A
la

sk
a 

N
at

iv
e

3 
(0

.3
)

13
3 

(0
.4

)

O
th

er
15

4 
(1

7.
0)

5,
77

0 
(1

5.
9)

D
em

en
tia

84
 (

9.
3)

2,
44

0 
(6

.7
)

.0
03

St
ro

ke
16

4 
(1

8.
1)

2,
64

5 
(7

.3
)

<
 .0

01

H
yp

er
te

ns
io

n
69

6 
(7

7.
0)

22
,5

56
 (

62
.1

)
<

 .0
01

D
ia

be
te

s 
m

el
lit

us
32

9 
(3

6.
4)

9,
76

8 
(2

6.
9)

<
 .0

01

Ta
bl

e 
va

lu
es

 a
re

 m
ea

n 
±

 S
D

 a
nd

 n
 (

%
).

a M
ea

n 
an

d 
st

an
da

rd
 d

ev
ia

tio
ns

 a
re

 r
ep

or
te

d 
fo

r 
ag

e.
 P

er
ce

nt
ag

es
 a

re
 r

ep
or

te
d 

fo
r 

fe
m

al
es

, r
ac

es
, d

em
en

tia
, s

tr
ok

e,
 h

yp
er

te
ns

io
n,

 a
nd

 d
ia

be
te

s 
m

el
lit

us
.

Am J Ophthalmol. Author manuscript; available in PMC 2022 June 24.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

CHAN et al. Page 8

TA
B

L
E

 2
.

O
R

 f
or

 P
re

se
nc

e 
of

 D
em

en
tia

 in
 I

nd
iv

id
ua

ls
 w

ith
 R

et
in

al
 V

as
cu

la
r 

O
cc

lu
si

on
s 

a

A
ge

 g
ro

up
s 

(n
)

C
ov

ar
ia

te
s 

ad
ju

st
ed

 fo
r

O
R

95
%

 C
I

P
 V

al
ue

≥6
5 

y 
(3

7,
20

8)
N

on
e

1.
42

1.
12

–1
.7

8
.0

03

Se
x

1.
42

1.
12

–1
.7

8
.0

03

H
yp

er
te

ns
io

n
1.

27
1.

01
–1

.5
9

.0
4

D
ia

be
te

s 
m

el
lit

us
1.

36
1.

08
–1

.7
0

.0
08

A
ge

1.
10

0.
86

–1
.3

8
.4

4

St
ro

ke
1.

12
0.

88
–1

.4
1

.3
4

Se
x,

 h
yp

er
te

ns
io

n 
an

d 
di

ab
et

es
 m

el
lit

us
1.

27
1.

00
–1

.5
8

.0
4

A
ge

 a
nd

 s
tr

ok
e

0.
94

0.
73

–1
.1

8
.5

9

65
–7

4 
y 

(1
8,

38
2)

N
on

e
0.

93
0.

39
–1

.8
2

.8
5

75
–8

4 
y 

(1
2,

77
7)

N
on

e
1.

01
0.

66
–1

.4
8

.9
6

≥8
5 

y 
(6

,0
49

)
N

on
e

1.
20

0.
86

–1
.6

3
.2

7

O
R

: O
dd

s 
ra

tio
; C

I:
 c

on
fi

de
nc

e 
in

te
rv

al
.

O
dd

s 
ra

tio
s 

ar
e 

sh
ow

n 
fo

r 
th

e 
pr

es
en

ce
 o

f 
de

m
en

tia
 in

 in
di

vi
du

al
s 

w
ith

 r
et

in
al

 v
as

cu
la

r 
oc

cl
us

io
ns

, a
ft

er
 a

dj
us

tin
g 

fo
r 

di
ff

er
en

t c
ov

ar
ia

te
s 

us
in

g 
m

ul
tiv

ar
ia

bl
e 

lo
gi

st
ic

 r
eg

re
ss

io
n 

m
od

el
s.

Am J Ophthalmol. Author manuscript; available in PMC 2022 June 24.


	Abstract
	METHODS
	RESULTS
	DISCUSSION
	References
	FIGURE.
	TABLE 1.
	TABLE 2.



