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Topic: Visual impairment (VI) and cognitive impairment (CIM) are prevalent age-related conditions that
impose substantial burden on the society. Findings on the hypothesized bidirectional association of VI and CIM
remains equivocal. Hence, we conducted a systematic review and meta-analysis to examine this bidirectional
relationship.

Clinical Relevance: Sixty percent risk of CIM has not been well elucidated in the literature. A bidirectional
relationship between VI and CIM may support the development of strategies for early detection and management
of risk factors for both conditions in older people.

Methods: PubMed, Embase, and Cochrane Central registers were searched systematically for observational
studies, published from inception until April 6, 2020, in adults 40 years of age or older reporting objectively
measured VI and CIM assessment using clinically validated cognitive screening tests or diagnostic evaluation.
Meta-analyses on cross-sectional and longitudinal associations between VI and CIM outcomes (any CIM
assessed using screening tests and clinically diagnosed dementia) were examined. Random effect models were
used to generate pooled odds ratios (ORs) and 95% confidence intervals (Cls). We also examined study quality,
publication bias, and heterogeneity.

Results: Forty studies were included (n = 47 913 570). Meta-analyses confirmed that persons with VI were
more likely to have CIM, with significantly higher odds of: (1) any CIM (cross-sectional: OR, 2.38 [95% Cl,
1.84—3.07]; longitudinal: OR, 1.66 [95% CI, 1.46—1.89]) and (2) clinically diagnosed dementia (cross-sectional:
OR, 2.43 [95% CI, 1.48—4.01]; longitudinal: OR, 2.09 [95% CI, 1.37—3.21]) compared with persons without VI.
Significant heterogeneity was explained partially by differences in age, sex, and follow-up duration. Also, some
evidence suggested that individuals with CIM, relative to cognitively intact persons, were more likely to have VI,
with most articles (8/9 [89%]) reporting significantly positive associations; however, meta-analyses on this as-
sociation could not be conducted because of insufficient data.

Discussion: Overall, our work suggests that VI is a risk factor of CIM, although further work is needed to
confirm the association of CIM as a risk factor for VI. Strategies for early detection and management of both
conditions in older people may minimize individual clinical and public health consequences. Ophthalmology 2021;128:981-
992 © 2020 by the American Academy of Ophthalmology
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With 2 billion people estimated to be 60 years of age or
older worldwide by 2050," the number of individuals with
cognitive impairment (CIM) also is expected to triple by
2050.” Presently, cognitive decline is the fifth leading
cause of disability for the elderly” and imposes a
significant physical, psychological, economic, and social
burden on patients, caregivers, families, and society.“t’5

© 2020 by the American Academy of Ophthalmology
Published by Elsevier Inc.

Treatment strategies for CIM or dementia are limited.
Therefore, identifying potentially modifiable risk factors
for CIM and instituting community risk-reduction strate-
gies may be better strategies than pharmaceutical ap-
. . 7-9

proaches at reducing the burden of disease.

Visual impairment (VI) also is an age-related condition
and is estimated to affect more than 1 billion individuals by
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2050.'" 1t is the third leading cause of disability for the
elderly'" and also has substantial physical, psychological,
and social implications on patients and society overall.™"’
Interestingly, VI has been suggested as one of the early
symptoms of dementia.'”> Many studies have reported
similar microvascular and neuronal changes in the eye and
brain in patients with CIM or dementia.'>~ "> In addition,
VI and CIM share many risk factors beyond age,'*'®
including vascular and medical comorbidities,'’ physical

. .. 8.1¢ .
1nactivit ,N’” and consequences such as functional
. 2 . . . . 223
decline,'"*" quality-of-life decline,”"*” and mortality.”
As such, numerous cross-sectional”’ ** and longi-

tudinal®~®* studies have attempted to document this rela-
tionship. However, findings have been equivocal, possibly
because of heterogeneity in research methodologies. More-
over, although a bidirectional relationship between VI and
CIM (i.e., persons with VI are more likely to develop CIM
and those with CIM are at risk of VI) has been hypothesized,
very few studies have investigated this specifically.”” If a
bidirectional relationship exists, it may provide
opportunities for developing public health strategies for
early detection and management of risk factors for both
VI and CIM in older people. To address these gaps, we
conducted a systematic review and meta-analysis to
examine critically the bidirectional associations between VI
and CIM. We hypothesized that VI increases the risk of
CIM, and vice versa.

Methods

Search Methods for Identifying Studies

We performed a systematic literature search of 3 databases
(PubMed, Cochrane Library, and Embase) from inception until
April 6, 2020. The core keywords included visual impairment
AND cognitive impairment AND adult. Subsequently, filters such
as publication type and human were added to narrow relevant
search results. The bibliographies of included articles were hand
searched to identify other relevant records. Our full search strategy
and Preferred Reporting Items for Systematic Review and Meta-
Analyses checklist are reported in Appendices 1 and 2 (available
at www.aaojournal.org).

Eligibility Criteria

We structured our eligibility criteria based on the Population,
Intervention, Comparison, Outcomes and Study design framework
in the Preferred Reporting Items for Systematic Review and Meta-
Analyses guidelines. Because the pathophysiologic processes of
Alzheimer’s disease may begin 10 to 20 years before the onset of
Alzheimer dementia and this may present as mild CIM (MCT),** %
middle-aged (40—64 years) and older (>65 years) adults were
included. This increases the relevance of our findings to clinicians
and policymakers considering early identification, prevention, and
intervention of CIM.

In this study, VI was defined according to visual acuity (VA) or
visual field (VF) losses, assessed by objective measurements (e.g.,
Snellen chart, Early Treatment Diabetic Retinopathy Study chart,
Humphrey perimeter), in agreement with the International Classi-
fication of Diseases, Eleventh Revision, criteria of VI and blind-
ness. Cognitive impairment was defined as any CIM assessed using
clinically validated cognitive screening tests (e.g., the Mini-Mental
Status Examination (MMSE) and Montreal Cognitive Assessment)
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and diagnostic evaluation based on predefined diagnostic criteria
(e.g., Diagnostic and Statistical Manual of Mental Disorders IV®°
or National Institute of Neurologic and Communicative Disorders
and Stroke/Alzheimer’s Disease and Related Disorders
Association®”). Therefore, the inclusion criteria consisted of (1)
adults 40 years of age or older, (2) observational studies (cross-
sectional and longitudinal), (3) VI or CIM defined above as the
exposures or outcomes, and (4) participants without VI and CIM
as the comparators.

The following studies were excluded: (1) reviews; (2) qualita-
tive studies; (3) case reports, case series, and conference abstracts;
(4) animal and in vitro or in vivo studies; (5) interventional studies;
(6) non-English studies; (7) studies with no clear definitions of the
exposure or outcome variables as per our inclusion criteria; (8)
studies of special risk groups (e.g., people with diabetes, cancer, or
Down’s syndrome); and (9) studies with any form of data insuf-
ficiency that did not enable us to draw conclusions from or evaluate
the study (e.g., lack of statistical analysis).

Study Selection, Data Collection, and Risk of
Bias Assessment

Two authors (T.A.V. and B.K.J.T.) assessed the titles and abstracts
of the 2174 identified articles independently according to the pre-
defined inclusion and exclusion criteria. If information was insuf-
ficient within the abstract, the full-text articles of relevant studies
were extracted for further evaluation. If consensus could not be
reached, 3 other coauthors (E.K.F., R.EE.K.M. and P.G.) were
consulted for arbitration.

Data extraction was performed by the first author (T.A.V.) and
checked for accuracy by coauthors (B.K.J.T. and A.T.L.G.). Data
were extracted from each article based on the Strengthening the
Reporting of Observational Studies in Epidemiology statement.®®
We contacted 19 corresponding authors to request unpublished
information such as mean age and adjusted odds ratios
(ORs),27231:3437.39444047515557-62.69 o whom 16 replied.

Two authors (T.A.V. and B.K.J.T.) independently assessed the
risk of bias of observational studies using the Newcastle-Ottawa
scale (NOS).”” Following past reviews, studies were graded as
having high (>8 stars), moderate (5—7 stars), or low (0—4 stars)
quality on the scale of 0 to 10 for cross-sectional studies and
0 to 9 for prospective and case-control studies.”’

Data Synthesis and Analysis

Statistical analysis was performed by one of the authors (A.T.L.G.)
and was reviewed by another author (T.A.V.). We conducted
separate meta-analyses of the association between VI and CIM,
stratified by study design (cross-sectional or longitudinal) and CIM
definition (any CIM measured by screening tests and clinically
diagnosed dementia). Clinical evaluation is more specific than
screening tests alone in diagnosing CIM. Because too few articles
reported on the cross-sectional or longitudinal relationship between
VI and MCI, they were excluded from meta-analyses. We chose to
meta-analyze ORs because they were the most commonly reported
statistical estimates of effect across studies. We assessed and
considered between-study heterogeneity as si§niﬁcant if the P
value for the Q test was less than 0.10 or if the /- statistic was 50%
or more.”*’* Having observed substantial heterogeneity for most
strata, we applied the random-effects model to synthesize study
effects using the restricted maximum likelihood method to estimate
between-study variance.

To identify potential study heterogeneity, we performed uni-
variate random-effects meta-regression analysis of various study-
level continuous characteristics: (1) mean age, (2) sex proportion,
(3) diabetes prevalence, and (4) follow-up duration. We chose
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these variables because they were most frequently reported and
adjusted for across existing studies. In addition to meta-regression,
we also conducted subgroup analysis on a potentially effect-
modifying vision-related categorical characteristic: presenting
versus best-corrected VA. Presenting VA is measured with par-
ticipants wearing their habitual optical correction, whereas best-
corrected VA is measured after correcting for any refractive
errors identified.”*

Subgroups analyses on other vision-related characteristics,
including VA versus VF, monocular versus binocular, and near
versus distance, were not performed because of insufficient data.
The sensitivity of our overall results to the exclusion of unadjusted
estimates also was examined. Finally, we assessed funnel-plot
asymmetry both visually and using Egger’s bias test. Where pub-
lication bias was suspected, we used the trim-and-fill method to re-
estimate the pooled OR after imputing studies that potentially were
missing. Final pooled ORs were reported with 95% confidence
intervals (CIs) and we considered a 2-sided P value of less than
0.05 as statistically significant. A meta-analysis of the association
between CIM and VI was not conducted because of insufficient
data on OR from the published reports. Among the 9 studies
analyzing the association between CIM and VI, only 2 reported
ORs. The other 7 studies reported estimates of linear regression,
which were not suitable for our meta-analysis. All analyses were
conducted using Stata software version 16.0 (Stata Corp). The
systematic review protocol is reported in the Appendix 3 (available
at www.aaojournal.org).

Results

A total of 2172 nonduplicated abstracts were identified from
the systematic search. In addition, 2 studies (1 cross-
sectional and 1 cohort) that were in press but not yet lis-
ted electronically were provided by coauthors. The titles and
abstracts of the 2174 articles were screened, of which 160
full-text articles were retrieved (Fig 1). Forty-three articles
subsequently were accepted according to our inclusion
criteria (28 cross-sectional, 14 cohort, and 1 case-control
studies).

Of the 28 cross-sectional articles, most (90%) reported
moderate to high NOS scores, with 15 graded as high
quality (>8 stars) and 10 graded as moderate quality (5—7
stars). The remaining 3 studies were classified as poor
quality (0—4 stars). Of the 14 cohort studies, 100% reported
moderate to high NOS scores, with 12 graded as high
quality and 2 graded as moderate quality. The case-control
study was graded as moderate quality. The 3 articles clas-
sified as poor quality were excluded, leaving 40 articles for
inclusion (Table S1, available at www.aaojournal.org).

Study Characteristics

The characteristics of the 40 included studies are summa-
rized in Tables S2 and S3 (available at
www.aaojournal.org). In total, 31 studies (17 cross-
sectional, 13 cohort, and 1 case-control studies) investi-
gated the relationship between VI (exposure) and CIM
(outcome), 6 cross-sectional studies investigated this rela-
tionship in the other direction, and 3 studies (2 cross-
sectional and 1 cohort) investigated the relationship of VI
and CIM bidirectionally. The total number of participants
was 47913570; 9 and 31 studies reported on Asian and

White populations, respectively. Among the 40 studies in
this systematic review, 31 had adequate data to be included
in the meta-analyses (Fig 1), whereas 9 were excluded
because ORs or frequency counts of individuals with VI
and CIM were unavailable. The total number of
participants included in our meta-analysis was 47 907 988.

Evaluation of Visual Impairment

Of the 36 studies reporting VA measurements, 26 used
distance VA only (e.g., Early Treatment Diabetic Retinop-
athy Study chart), 5 used near VA only (e.g., Rosenbaum
Pocket vision screener), and 5 reported both distance and
near VA. Most (n = 18) either defined VI as VA worse than
20/40 or 0.3 logarithm of the minimum angle of resolution
or reported VA continuously (n = 9). Other definitions of VI
are listed in Tables S2 and S3 (available at
www.aaojournal.org). Of the 7 studies using VF measures
(e.g., Humphrey perimetry), 2 defined VI as VF of 10° or
less in radius around central fixation.”*> The other 5
studies used various other definitions of VF (Tables S2
and S3, available at www.aaojournal.org).”*>>#453:69

Evaluation of Cognitive Impairment

Among studies reporting cognitive screening, 12 used the
MMSE, of which 5 reported MMSE scores
continuously,”’***"**>7 \hereas 7 defined CIM using
various cut-offs (Tables S2 and S3, available at
www.aaojournal.org).” >4 13238394249 The  other 16
studies used other validated cognitive screening tests
(Tables S2 and S3). Twelve studies reported diagnostic
evaluation of CIM, of which 8 reported the prevalence or
incidence of MCI or dementia.’®*>*7:3325:5961 Other
definitions of CIM are listed in Tables S2 and S3. The
diagnostic procedures were performed according to
Petersen,”” the Diagnostic and Statistical Manual of
Mental Disorders 1V,°® National Institute of Neurologic
and Communicative Disorders and Stroke/Alzheimer’s
Disease and Related Disorders Association,(’7 and
International Classification of Diseases, Ninth or Tenth
Revision, criteria.”

Cross-Sectional Association between Visual
Impairment and Cognitive Impairment

Outcome: Cognitive Screening Tests. Fourteen cross-
sectional studies explored the association between VI and

CIM measured using screening tests and the findings were
27,32,33,35,38,41,42

equivocal, with 7 studies and 5
. 242 4 44 . . . . .

studies”"*7****** showing a significant and nons1%n1ﬁcant

relationship, respectively; and 2 studies’™’  were

inconclusive (Table S2, available at www.aaojournal.org).

Outcome: Clinical Diagnosis. All 4 cross-sectional
studies’®***>*7  that defined CIM using diagnostic
evaluation showed a significant association between VI
and CIM. For example, the Sydney Memory and Aging
Study found that participants with better VA showed a
smaller odds of MCI as compared with those with poorer
VA (OR, 0.39; 95% CI, 0.18—0.86; n = 757).”° The only
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Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analyses flow diagram showing the study selection process.

case-control study*® reported an inconclusive result
(Table S2, available at www.aaojournal.org).

Meta-Analyses, Meta-Regression, and Publication
Bias. Pooling the above estimates (Fig 2; Table S4,
available at www.aaojournal.org) showed that VI was
associated with significantly higher odds of: (1) any CIM
(pooled OR, 2.38; 95% CI, 1.84—3.07; P < 0.001; P =
65.3%; n = 29 015);and (2) clinically diagnosed dementia
(pooled OR, 2.43; 95% CI, 1.48—4.01; P < 0.001; I* =
91.4%; n = 47834 144). The ORs remained significant
after excluding unadjusted estimates (Table S5, available
at www.aaojournal.org). A sensitivity analysis performed
by excluding results of the study conducted by Hamedani
et al” (n = 47 582 342) showed that the association
between VI and clinically diagnosed dementia remained
statistically significant (data not shown).
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In the subgroup meta-analyses stratified by type of VI
(Table S6, available at www.aaojournal.org), the association
between presenting VI (pooled OR, 2.00; 95% CI,
1.60—2.51; P < 0.001) or best-corrected VI (pooled OR,
3.07; 95% CI, 2.03—4.67; P < 0.001) and any CIM did not
differ significantly (P = 0.080 for interaction). Subgroup
meta-analyses stratified by definition of VI worse than 20/40
or other definitions showed that the associations between
different definitions of VI and any CIM did not differ
significantly (data not shown). Similarly, subgroup meta-
analyses stratified by types of screening tests, MMSE or
other measures, showed that the associations between VI
and different types of any CIM measures did not differ
significantly (data not shown). In the meta-regression ana-
lyses (Table S7, available at www.aaojournal.org), age, sex,
and diabetes status did not modify effect sizes significantly.
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Egger’s bias test did not find any significant funnel plot
asymmetry (Table S4, available at www.aaojournal.org).

Longitudinal Association between Visual
Impairment and Cognitive Impairment

Outcome: Cognitive Screening Tests. Of the 9 longitudinal
studies that measured CIM using screening tests, 5
studies””"%7-°%% and 3 studies””** showed a significant
and nonsignificant relationship, respectively; and 1 study””
was inconclusive (Table S2, available at
www.aaojournal.org).

Outcome: Clinical Diagnosis. Of the 5 longitudinal
studies that diagnostically defined CIM, 4 studies™ '
showed a significant association between VI and CIM,
whereas 1 stud4y5° was inconclusive (Table S2). For example,
Sachdev et al’* found that the reversion from MCI to normal
cognitive function was more likely for participants with better
vision (OR, 9.35; 95% CI, 1.55—55.86; n = 223) in the
Sydney Memory and Aging Study.

Meta-Analyses, Meta-Regression, and Publication
Bias. Pooling the above estimates (Fig 3) showed that VI
significantly predicted the odds of: (1) any CIM (pooled
OR, 1.66; 95% CI, 1.46—1.89; P < 0.001; > = 11.0%;
n = 14 912) and (2) clinically diagnosed dementia
(pooled OR, 2.09; 95% CI, 1.37—3.21; P = 0.001; I* =
78.8%; n = 26 132). The ORs remained significant after
excluding unadjusted estimates (Table S5, available at
www.aaojournal.org).

In the meta-regression analyses (Table S7, available at
www.aaojournal.org), longer follow-up time was associ-
ated with significantly smaller reported ORs for studies
evaluating longitudinal associations between VI and any
CIM (relative OR, 0.94; 95% CI, 0.89—1.00; P = 0.037)
and between VI and dementia (relative OR, 0.91; 95% CI,
0.84—0.98; P = 0.018). Moreover, for the longitudinal as-
sociation between VI and dementia, studies with increasing
age (relative OR, 1.19; 95% CI, 1.08—1.31; P < 0.001) and
lower proportions of male participants (relative OR, 0.93;
95% CI, 0.89—0.97; P = 0.001) reported significantly larger
ORs. No other significant effect modifiers were found. For
the longitudinal association between VI and any CIM,
although Egger’s bias found significant funnel plot asym-
metry (P = 0.038), the trim-and-fill method returned an
unchanged pooled OR (Table S4; Fig S4, available at
www.aaojournal.org).

Cross-Sectional Association between Cognitive
Impairment and Visual Impairment: Systematic
Review Findings Only

Exposure: Cognitive Screening Tests. Six cross-sectional
studies using cognitive screening tests reported a signifi-
cant association between CIM and VI (Table S3, available at
www.aaojournal.org). In the Singapore Epidemiology of
Eye Disease study, CIM was associated independently
with higher odds of presenting VI (OR, 2.15; 95% CI,
1.75—2.63; n = 4064) and best-corrected VI (OR, 2.07;
95% CI, 1.60—2.68; n = 4064).*

Exposure: Clinical Diagnosis. Of the 2 studies that
defined CIM using diagnostic evaluation (both univariate

analyses only; NOS score, 5), Trick et al” showed that,

relative to control participants, VF parameters were
reduced significantly in senile dementia of Alzheimer type
(P = 0.003 for foveal sensitivity, P = 0.006 for mean
deviation, and P = 0.041 for corrected pattern standard
deviation). In contrast, Rizzo et al’® did not find any
significant differences in either near or distance vision
between Alzheimer’s disease patients and control
participants.

Longitudinal Association between Cognitive
Impairment and Visual Impairment: Systematic
Review Findings Only

Only 1 cohort study evaluated the longitudinal relationship
between CIM and VI. Using 4 waves of longitudinal data
collection in the Salisbury Eye Evaluation study, Zheng
et al’’ reported that worse MMSE scores in the previous
wave were associated with worse VA in the subsequent
wave (f = —0.003; P < 0.001; n = 2520).

Discussion

In our systematic review and meta-analyses, we found evi-
dence for a directional link between VI and CIM, with VI
being associated with an approximately 2-fold increased
odds of prevalent or incident CIM. Our systematic review
also suggested a reverse directional link, with CIM being
associated with increased odds of VI; however, too few
studies were available to conduct a formal meta-analysis, so
this finding should be interpreted with caution. Overall,
evidence suggests that VI is a potential risk factor of CIM,
although further work is needed to confirm the reverse as-
sociation. Our results suggest that vision screening and
timely treatment strategies beginning in middle age (i.e.,
>40 years) may be appropriate risk-reduction approaches
for CIM, and these interventions may be considered by
healthcare professionals, researchers, and policymakers.

Our finding that VI is predictive of cognitive decline adds
to previous systematic reviews and meta-analyses suggest-
ing that sensory impairments, including hearing and olfac-
tory deficits, are risk factors of CIM.”®"7 A recently
published summary of dementia prevention, intervention,
and care outlined 12 risk factors for CIM that accounted
for an estimated 40% of all cases of dementia.”® This
information thus suggests that the other 60% risk of CIM
has not been well elucidated in the literature. Our results
suggest that VI may be a potential risk factor that may
help to explain at least some of the gaps in the
aforementioned risk of CIM.

Several pathways may explain our finding of VI as a
risk factor of CIM. First, a loss of visual sensory infor-
mation may lead to cortical atrophy and subsequent neural
reorganization,'®’’ as evidenced by neuroimaging and
pathologic analysis.'> Alternatively, degraded and
impaired visual input may result in errors in perceptual
processing, with consequent decline in higher-order
cognitive performance.”” Visual impairment also may
lead to cognitive decline indirectly by limiting the
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Figure 2. Random-effect meta-analyses of the cross-sectional association between visual impairment and cognitive impairment. Blue diamonds are the
estimated pooled odds ratio (OR) for each meta-analysis; box sizes reflect the relative weight apportioned to studies in the meta-analysis. CI = confidence

interval.

interactive experience of individuals within the
environment, resulting in social isolation and restricted
participation in mentally stimulating activities.”"’®"’
Finally, many age-related eye diseases (e.g., age-related
macular degeneration [AMD], glaucoma, diabetic reti-
nopathy) associated with VI also have been linked with
CIM and dementia.*” ** For example, AMD and Alz-
heimer’s disease have been found to share many risk
factors and pathophysiologic processes. For instance, the
e4 ApoE allele, a prevalent genetic risk factor of Alz-
heimer’s disease, also is associated with higher risk of
AMD.*> Moreover, B-amyloid deposition, a common
histopathologic feature in the brain of Alzheimer’s
patients, also has been reported to be present in drusen
and retinal pigment epithelium of patients with AMD."
Similarly, B-amyloid aggregation may result in
dysfunctional mitochondrial, inflammatory, and vascular
regulation, potentially leading to both VI and CIM.®’
Further work is needed to investigate whether vision-
saving interventions could prevent or delay the progres-
sion, or even partially reverse CIM.

Interestingly, our meta-regression finding of an attenu-
ated longitudinal relationship between VI and CIM with
longer follow-up time suggests that cognitive and psycho-
logical adaptation developed over time by patients to cope
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with VI-imposed restrictions, for example, engaging in
cognitively stimulating activities and seeking more social
support,”® may reverse VI-induced cognitive decline. Our
meta-regression also revealed higher odds of a longitudinal
association between VI and CIM with increasing proportion
of women. This may be explained by previous studies
reporting that psychosocial factors and adaptation were
more important for women.® Future clinical trials also
could evaluate the efficacy of community-based in-
terventions, focused on encouraging people with VI to
participate in physical, mental, and social activities, to
improve cognition.

In addition, our meta-regression result of stronger lon-
gitudinal associations between VI and CIM (i.e., higher
odds) with increasing age suggest the possibility of a shared
underlying cause, that is, the common-cause hypothesis, in
which both VI and CIM are mediated through shared un-
derlying  pathobiological ~ processes,'® for example,
accumulation of amyloid proteins, increased oxidative
stress, and increased prevalence of vascular diseases.'’
Previous studies also have shown relationship between
retinal microvascular and neuronal changes in patients
with CIM or dementia.'*'”

We found a potential link between CIM and increased
risk of VI. It is possible that the additional cognitive
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Figure 3. Random-effect meta-analyses of the longitudinal association between visual impairment and cognitive impairment. Blue diamonds are the

estimated pooled odds ratio (OR) for each meta-analysis; box sizes reflect the relative weight apportioned to studies in the meta-analysis. CI = confidence

interval.

resources allocated to sensory processing to overcome
impaired visual input may end up depleting cognitive ca-
pacities for other tasks.'®”’ Alternatively, cognitively
impaired patients also may encounter more challenges in

seeking medical help and managing treatment for VI.”'
For instance, patients living in long-term care facilities
may not use their glasses frequently or may wear inaccurate
glasses.”” Moreover, caregivers may not want to subject

Age-related common

1 pathological processes 1

Cortical Changes

Brain Volume

/ Atrophy \
v

Cognitive Decline

Increased Challenge to
Cognitive Resources

Arrow color coding:
mmmmm  Common-cause hypothesis
mmmmm  Direct-cause hypothesis
Cognitive load hypothesis
mmmmm  [ndirect-cause hypothesis

Neural Pathway
Changes

Decreased in Nerve Activity
A of Visual Pathway A

_ Depression, Physical
" inactivity, Social Isolation

Eye Changes

v
Visual Impairment

Figure 5. Diagram showing a framework of potential mechanisms explaining the bidirectional relationship between visual impairment and cognitive

impairment. The purple pathway represents the direct-cause hypothesis, in which impoverished visual input secondary to visual impairment leads to
decreased nerve activity of the visual pathway. This cascade leads to neuropathologic and structural changes such as brain volume atrophy, thereby resulting

in cognitive impairment.
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dementia patients to excessive surgical and medical
consultations relating to comorbid conditions.”” In
addition, physicians also may misattribute visual
disturbances to the wunderlying cognitive deficits of
patients with CIM, and thus overlook visual
comorbidities.”? However, our review identified a lack of
high-quality epidemiologic studies, especially those report-
ing clinical diagnosis of dementia, that examined this
reverse causality relationship. Thus, more comprehensive
longitudinal studies are needed to evaluate this relationship
further.

Ultimately, it is likely that multiple mechanisms underlie
this bidirectional association between vision and cognition
(Fig 5), potentially resulting in a vicious cycle of both visual
and cognitive deterioration. Thus, future studies should
focus on investigating the bidirectional link and factors
underpinning the relationship between VI and CIM.

Strengths and Limitations

The strengths of our study include a large and diverse pool
of individuals, making our findings generalizable to the
global population, and the application of a rigorous protocol
of systematic searching, quality grading, and bias assess-
ment according to internationally accepted guidelines.
Furthermore, we included only validated measures of VI
and CIM and conducted subgroup meta-analyses and meta-
regression to ensure the robustness of our findings.
Nevertheless, some study limitations must be acknowl-
edged. First, the meta-analysis was limited to English-
language publications using standardized definitions of
CIM only, which may have excluded potentially relevant
articles in other languages. Second, because of limited data,
we were unable to synthesize the association between VI and
MCI, the severity of VI, and the relationship between CIM
and VI in meta-analyses. Third, we did not include studies
examining the associations between different ocular diseases
and causes of CIM. This reduces our ability to elucidate the
mechanisms underlying the specific relationships between
these conditions. We also did not consider other components
of vision (e.g., contrast sensitivity, stereoacuity, color vision,
and visual hallucination) or specific eye diseases or CIM
pathologic features that may reduce the capacity to detect
further association between the visual function system and
CIM. For example, apart from VA and VF, Alzheimer’s

Footnotes and Disclosures

disease also has been linked to deficits in color ViSiOH,() 4
contrast sensitivity,”" stereoacuity,”’ and other complex
visual problems, such as difficulties in reading words,95
challenges in finding objects,”® and problems in object and
shape recognition.”” In contrast, visual hallucination is a
more prominent symptom of Lewy body dementia and
Parkinson’s disease dementia.’

In addition, the moderate to high heterogeneity in our
meta-analyses (only partially explained by our meta-
regression analyses) indicated that other unconsidered
sources potentially may contribute to the varying outcomes
among studies. Moreover, although hazard ratios may be a
better measurement than ORs to account for the loss of
follow-up in longitudinal studies, we chose to meta-analyze
OR because it was the most frequently reported statistical
estimate of effect across studies. Finally, our results may not
have accounted for the possibility of overdiagnosis, under-
diagnosis, or misdiagnosis of CIM as a result of challenges
that visually impaired individuals encounter when per-
forming screening tests.”’>® Future research, using more
stringent diagnostic criteria such as the Diagnostic and
Statistical Manual of Mental Disorders V and National
Institute of Neurologic and Communicative Disorders and
Stroke/Alzheimer’s Disease and Related Disorders
Association criteria of CIM, should be used.

In summary, our findings suggest that VI is a potential
risk factor of CIM, although further work is needed to
confirm the association of CIM as a risk factor of VI. Our
findings provide additional information for the development
of clinical guidelines and policies on the prevention and
management of VI in the cognitively impaired population
and of CIM in visually impaired patients. Future prospective
studies and randomized controlled trials are needed to
investigate whether CIM predicts the risk of VI and
whether, in cognitively impaired patients, vision-saving in-
terventions are effective in preventing the progression of
cognitive decline.

Acknowledgments

The authors thank Dr. Rebecca Salowe and Yinxi Yu, University
of Pennsylvania, and Miao Li Chee, Singapore Eye Research
Institute, for providing us with data; and Dr. Liam Smeeth, London
School of Hygiene and Tropical Medicine, for answering our
queries.

Originally received: September 14, 2020.
Final revision: December 7, 2020.
Accepted: December 8, 2020.

Auvailable online: February 27, 2021. Manuscript no. D-20-02494.

! Duke-NUS Medical School, Singapore, Republic of Singapore.

2 Singapore Eye Research Institute, Singapore National Eye Centre,
Singapore, Republic of Singapore.

3Yong Loo Lin School of Medicine, National University of Singapore,
Singapore, Republic of Singapore.

“# School of Optometry and Visual Science, University of New South Wales,
Sydney, Australia.

988

SInjury Division, The George Institute for Global Health, Sydney,
Australia.

S Institute of Public Health, College of Pharmacy and Pharmaceutical Sci-
ences, Agricultural and Mechanical University, Florida.

7 Leiden University Medical Center, Leiden, The Netherlands.

8 Scheie Eye Institute, University of Pennsylvania, Philadelphia,
Pennsylvania.

o University Medical Center Utrecht, Utrecht, The Netherlands.
10 University of Applied Sciences Utrecht, Utrecht, The Netherlands.

! Department of Psychiatry, Faculty of Medicine, The Chinese University
of Hong Kong, Hong Kong SAR, China.



Vu et al + Vision Impairment and Cognitive Impairment

12 Department of Primary Care and Population Health, University College
London, London, United Kingdom.

'3 Wilmer Eye Institute, Johns Hopkins University School of Medicine,
Baltimore, Maryland.

!4 Department of Psychiatry, University of California, San Francisco,
California.

'S Department of Ophthalmology, Duke University Eye Center, Durham,
North Carolina.

16 Université de Bordeaux, Inserm, Bordeaux Population Health Research
Center, Bordeaux, France.

'7 National Neuroscience Institute (Singapore General Hospital Campus),
Singapore, Republic of Singapore.

' Memory Aging and Cognition Center, Department of Pharmacology,
Yong Loo Lin School of Medicine, National University of Singapore,
Singapore, Republic of Singapore.

!9 Department of Ophthalmology, The University of Melbourne, Mel-
bourne, Australia.

Disclosure(s):

All authors have completed and submitted the ICMIJE disclosures form.
The author(s) have made the following disclosure(s): S.M.-S.: Lecturer —
CE courses and conferences (Zentralverband deutscher Augenoptiker und
Optometristen [ZVA] & Vereinigung deutscher Contactlinsenspezialisten &
Optometristen [VDCO])

T.Y.W.: Consultant — Allergan, Bayer, Boehringer-Ingelheim, Genentech,
Merck, Novartis, Oxurion (formerly ThromboGenics), Roche, Samsung
Bioepis; Financial support — Allergan, Bayer, Boehringer-Ingelheim,
Genentech, Merck, Novartis, Oxurion (formerly ThromboGenics), Roche,
Samsung Bioepis; Equity owner — Plano, EyRiS

F.AM.: Consultant — Allergan, Aerie, Gallimedix, Biogen, Annexon,
Reichert, Stealth Biotherapeutics, Stuart Therapeutics, Santen, Ocular
Therapeutix; Expert testimony — Google, Reichert, Novartis; Patent -
NGoggle, Inc.

Supported by the National Medical Research Council, Singapore, Republic
of Singapore (Senior-Clinician Scientist Award no.: NMRC/CSASI/0009/
2016 [E.L.L.] and Transiton Award no.. MOH-TA19may-0002
[R.E.K.M.]); the Alzheimer’s Association (grant no.: AARF-18-565846
[W.D.B.]); the National Institute on Aging, National Institutes of Health,

References

Bethesda, Maryland (grant no.: KO1AG062722 [W.D.B.]); and the National
Eye Institute, National Institutes of Health, (grant no.: EY029885
[F.A.M.]). The funding bodies had no role in the design and conduct of this
research.

HUMAN SUBJECTS: No human subjects were included in this study. The
requirement for informed consent was waived because of the retrospective
nature of the study. All research adhered to the tenets of the Declaration of
Helsinki.

No animal subjects were included in this study.

Author Contributions:

Conception and design: Vu, Fenwick, Man, Gupta, Ho, Lamoureux
Analysis and interpretation: Vu, Fenwick, Gan, Man, Gupta, Reyes-Ortiz,
Trompet, Gussekloo, O’Brien, Mueller-Schotte, Tham, Lee, Rait, Swenor,
Varadaraj, Brenowitz, Nagl, Lamoureux

Data collection: Vu, Fenwick, Gan, Tan, Reyes-Ortiz, Trompet, Gussekloo,
O’Brien, Mueller-Schotte, Wong, Tham, Cheng, Lee, Rait, Swenor, Vara-
daraj, Brenowitz, Medeiros, Nagl

Obtained funding: Man, Lamoureux, Wong, Brenowitz, Medeiros; Study
was performed as part of the authors’ regular employment duties. No
additional funding was provided.

Overall responsibility: Vu, Fenwick, Gan, Man, Tan, Gupta, Ho, Reyes-
Ortiz, Mueller-Schotte, Wong, Tham, Cheng, Lee, Rait, Swenor, Vara-
daraj, Brenowitz, Medeiros, Narasimhalu, Chen, Lamoureux

Abbreviations and Acronyms:

AMD = age-related macular degeneration; CI = confidence interval;
CIM = cognitive impairment; MCI = mild cognitive impairment;
MMSE = Mini-Mental Status Examination; NOS = Newcastle-Ottawa
scale; OR = odds ratio; VA = visual acuity; VF = visual field; VI = visual
impairment.

Keywords:

Bidirectional, Cognitive impairment, Dementia, Visual acuity, Visual
impairment.

Correspondence:

Ecosse L. Lamoureux, PhD, Singapore Eye Research Institute, Singapore
National Eye Centre, 20 College Road, The Academia, Discovery Tower
Level 6, Singapore 169856, Republic of Singapore. E-mail: ecosse.
lamoureux @seri.com.sg.

1. World Health Organization. Aging and health. https://www.
who.int/news-room/fact-sheets/detail/ageing-and-health; 2018.
Accessed 11.03.20.

2. World Health Organization. Dementia. https://www.who.int/
news-room/fact-sheets/detail/dementia; 2019. Accessed 11.03.20.

3. Prince M, Wimo A, Guerchet M, et al; World Alzheimer
Report 2015. The global impact of dementia: an analysis of
prevalence, incidence, cost & trends. Alzheimer’s Disease In-
ternational; 2015. https://www.alz.co.uk/research/worldalz-
heimerreport2015summary.pdf. Accessed 11.03.20.

4. World Health Organization. Towards a dementia plan: a WHO
guide. https://apps.who.int/iris/bitstream/handle/10665/
272642/9789241514132-eng.pdf?7ua=1; 2018. Accessed 11.
03.20.

5. James SL, Abate D, Abate KH, et al. Global, regional, and
national incidence, prevalence, and years lived with disability
for 354 diseases and injuries for 195 countries and territories,
1990—2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2018;392(10159):1789—1858.

6. Alzheimer Association. 2019 Alzheimer’s disease facts and
figures. Alzheimers Dement. 2019;15:321—387.

7. Barnes DE, Yaffe K. The projected effect of risk factor
reduction on Alzheimer’s disease prevalence. Lancet Neurol.
2011;10(9):819—828.

8. Lin PJ, Yang Z, Fillit HM, et al. Unintended benefits: the
potential economic impact of addressing risk factors to prevent
Alzheimer’s disease. Health Aff (Millwood). 2014;33(4):
547—554.

9. Zissimopoulos J, Crimmins E, St Clair P. The value of
delaying Alzheimer’s disease onset. Forum Health Econ Pol-
icy. 2014;18(1):25—39.

10. Bourne RRA, Flaxman SR, Braithwaite T, et al. Magnitude,
temporal trends, and projections of the global prevalence of
blindness and distance and near vision impairment: a sys-
tematic review and meta-analysis. Lancet Glob Health.
2017:;5(9):e888—e897.

11. World Health Organization. World report on vision. https://www.
who.int/publications-detail/world-report-on-vision; 2019.
Accessed 12.03.20.

12. Kusne Y, Wolf AB, Townley K, et al. Visual system mani-
festations of Alzheimer’s disease. Acta Ophthalmol.
2017;95(8):e668—e676.

989


mailto:ecosse.lamoureux@seri.com.sg
mailto:ecosse.lamoureux@seri.com.sg
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.alz.co.uk/research/worldalzheimerreport2015summary.pdf
https://www.alz.co.uk/research/worldalzheimerreport2015summary.pdf
https://apps.who.int/iris/bitstream/handle/10665/272642/9789241514132-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272642/9789241514132-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272642/9789241514132-eng.pdf?ua=1
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref5
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref5
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref5
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref5
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref5
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref5
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref5
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref6
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref6
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref6
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref7
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref7
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref7
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref7
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref8
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref8
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref8
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref8
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref8
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref9
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref9
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref9
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref9
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref10
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref10
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref10
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref10
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref10
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref10
https://www.who.int/publications-detail/world-report-on-vision
https://www.who.int/publications-detail/world-report-on-vision
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref12
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref12
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref12
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ophthalmology Volume 128, Number 7, July 2021

Voss P, Pike BG, Zatorre RJ. Evidence for both compensatory
plastic and disuse atrophy-related neuroanatomical changes in
the blind. Brain. 2014;137(Pt 4):1224—1240.

Ikram MK, Cheung CY, Wong TY, Chen CP. Retinal
pathology as biomarker for cognitive impairment and Alz-
heimer’s disease. J Neurol Neurosurg Psychiatry. 2012;83(9):
917-922.

Liu S, Ong YT, Hilal S, et al. The association between retinal
neuronal layer and brain structure is disrupted in patients with
cognitive impairment and Alzheimer’s disease. J Alzheimers
Dis. 2016;54(2):585—595.

Lindenberger U, Baltes PB. Sensory functioning and intelli-
gence in old age: a strong connection. Psychol Aging.
1994:9(3):339—355.

Whitson HE, Cronin-Golomb A, Cruickshanks KIJ, et al.
American Geriatrics Society and National Institute on Aging
Bench-to-Bedside Conference: sensory impairment and
cognitive decline in older adults. J Am Geriatr Soc.
2018;66(11):2052—2058.

Reitz C, Mayeux R. Alzheimer disease: epidemiology, diag-
nostic criteria, risk factors and biomarkers. Biochem Phar-
macol. 2014;88(4):640—651.

Ong SR, Crowston JG, Loprinzi PD, Ramulu PY. Physical
activity, visual impairment, and eye disease. Eye (Lond).
2018;32(8):1296—1303.

Verlinden VJA, van der Geest JN, de Bruijn R, et al. Trajec-
tories of decline in cognition and daily functioning in pre-
clinical dementia. Alzheimers Dement. 2016;12(2):144—153.
Tseng YC, Liu SH, Lou MF, Huang GS. Quality of life in
older adults with sensory impairments: a systematic review.
Qual Life Res. 2018;27(8):1957—1971.

Wood R, Jones E, Hu X, et al. Quality of life of patients with
Alzheimer’s disease—a comparison with general population.
Value Health. 2016;19(7):A436.

Zhang T, Jiang W, Song X, Zhang D. The association between
visual impairment and the risk of mortality: a meta-analysis of
prospective  studies. J Epidemiol Community Health.
2016;70(8):836—842.

Mangione CM, Seddon JM, Cook EF, et al. Correlates of
cognitive function scores in elderly outpatients. J Am Geriatr
Soc. 1993:41(5):491—497.

Trick GL, Trick LR, Morris P, Wolf M. Visual field loss in
senile dementia of the Alzheimer’s type. Neurology.
1995:45(1):68—74.

Rizzo M, Anderson SW, Dawson J, Nawrot M. Vision and
cognition in Alzheimer’s disease. Neuropsychologia.
2000;38(8):1157—1169.

Gussekloo J, de Craen AJ, Oduber C, et al. Sensory impair-
ment and cognitive functioning in oldest-old subjects: the
Leiden 85+ Study. Am J Geriatr Psychiatry. 2005;13(9):
781—786.

Rait G, Fletcher A, Smeeth L, et al. Prevalence of cognitive
impairment: results from the MRC trial of assessment and
management of older people in the community. Age Ageing.
2005;34(3):242—248.

Raji MA, Tang RA, Heyn PC, et al. Screening for cognitive
impairment in older adults attending an eye clinic. J Natl Med
Assoc. 2005;97(6):808—814.

Clemons TE, Rankin MW, McBee WL. Cognitive
impairment in the age-related eye disease study: AREDS
report no. 16. Arch Ophthalmol. 2006;124(4):537—543.
Tay T, Kifley A, Lindley R, et al. Are sensory and cognitive
declines associated in older persons seeking aged care ser-
vices? Findings from a pilot study. Ann Acad Med Singap.
2006;35(4):254—259.

990

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Tay T, Jie JW, Kifley A, et al. Sensory and cognitive associ-
ation in older persons: Findings from an older Australian
population. Gerontology. 2006;52(6):386—394.

Hidalgo JL, Martinez IP, Bravo BN, et al. Visual function
versus visual acuity in older people. Ophthalmic Epidemiol.
2009;16(4):262—268.

Diaz M, Norell M, Belkin J, et al. Cognitive profile of elders in
an ophthalmic ambulatory setting. Br J Ophthalmol.
2011;95(1):24-27.

Ong SY, Cheung CY, Li X, et al. Visual impairment, age-
related eye diseases, and cognitive function: the Singapore
Malay Eye Study. Arch Ophthalmol. 2012;130(7):895—900.
Sachdev PS, Lipnicki DM, Crawford J, et al. Risk profiles for
mild cognitive impairment vary by age and sex: the Sydney
Memory and Ageing Study. Am J Geriatr Psychiatry.
2012;20(10):854—865.

Elliott AF, McGwin G, Kline LB, Owsley C. Vision impair-
ment among older adults residing in subsidized housing
communities. Gerontologist. 2015;55:S108—S117.

Mine M, Miyata K, Morikawa M, et al. Association of visual acuity
and cognitive impairment in older individuals: Fujiwara-kyo Eye
Study. BioResearch Open Access. 2016;5(1):228—234.
Mueller-Schotte S, van der Schouw YT, Bleijenberg N,
Schuurmans MJ. Is visual function associated with cognitive
activity engagement in middle-aged and elderly individuals? A
cross-sectional study. Exp Gerontol. 2016;82:104—111.
Soler V, Sourdet S, Balardy L, et al. Visual impairment
screening at the Geriatric Frailty Clinic for Assessment of
Frailty and Prevention of Disability at the Gérontopdle. J Nutr
Health Aging. 2016;20(8):870—877.

Spierer O, Fischer N, Barak A, Belkin M. Correlation between
vision and cognitive function in the elderly: a cross-sectional
study. Medicine (Baltimore). 2016;95(3):e2423.

Jonas JB, Wei WB, Zhu LP, et al. Cognitive function and
ophthalmological diseases: the Beijing Eye Study. Sci Rep.
2018;8(1):4816.

Luo Y, He P, Guo C, et al. Association between sensory
impairment and dementia in older adults: evidence from
China. J Am Geriatr Soc. 2018;66(3):480—486.

McCoskey M, Addis V, Goodyear K, et al. Association be-
tween primary open-angle glaucoma and cognitive impairment
as measured by the Montreal Cognitive Assessment. Neuro-
degener Dis. 2018;18(5—6):315—322.

Hamedani AG, VanderBeek BL, Willis AW. Blindness and
visual impairment in the Medicare population: disparities and
association with hip fracture and neuropsychiatric outcomes.
Ophthalmic Epidemiol. 2019;26(4):279—285.

Wong TY, Tham YC, Sabanayagam C, Cheng CY. Patterns
and risk factor profiles of visual loss in a multiethnic Asian
population: the Singapore Epidemiology of Eye Diseases
Study. Am J Ophthalmol. 2019;206:48—73.

Fenwick EK, Gan ATL, Man REK, et al. Vision, vision-
specific functioning and mobility, and their relationship with
clinically-assessed cognitive impairment. Age Ageing. 2021
Jan 22;afaa276. doi: 10.1093/ageing/afaa276. Online ahead of print.
Uhlmann RF, Larson EB, Koepsell TD, et al. Visual impair-
ment and cognitive dysfunction in Alzheimer’s disease. J Gen
Intern Med. 1991;6(2):126—132.

Nguyen HT, Black SA, Ray LA, et al. Predictors of decline in
MMSE scores among older Mexican Americans. J Gerontol A
Biol Sci Med Sci. 2002;57(3):M181—M185.

Lin MY, Gutierrez PR, Stone KL, et al. Vision impairment and
combined vision and hearing impairment predict cognitive and
functional decline in older women. J Am Geriatr Soc.
2004;52(12):1996—2002.


http://refhub.elsevier.com/S0161-6420(20)31158-1/sref13
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref13
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref13
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref13
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref14
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref14
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref14
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref14
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref14
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref15
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref15
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref15
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref15
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref15
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref16
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref16
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref16
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref16
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref17
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref17
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref17
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref17
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref17
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref17
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref18
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref18
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref18
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref18
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref19
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref19
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref19
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref19
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref20
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref20
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref20
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref20
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref21
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref21
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref21
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref21
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref22
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref22
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref22
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref22
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref23
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref23
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref23
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref23
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref23
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref24
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref24
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref24
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref24
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref25
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref25
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref25
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref25
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref26
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref26
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref26
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref26
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref27
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref27
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref27
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref27
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref27
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref27
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref28
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref28
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref28
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref28
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref28
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref29
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref29
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref29
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref29
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref30
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref30
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref30
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref30
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref31
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref31
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref31
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref31
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref31
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref32
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref32
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref32
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref32
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref33
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref33
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref33
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref33
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref34
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref34
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref34
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref34
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref35
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref35
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref35
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref35
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref36
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref36
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref36
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref36
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref36
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref37
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref37
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref37
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref37
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref38
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref38
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref38
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref38
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref39
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref39
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref39
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref39
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref39
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref40
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref40
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref40
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref40
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref40
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref41
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref41
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref41
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref42
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref42
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref42
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref43
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref43
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref43
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref43
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref44
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref44
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref44
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref44
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref44
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref44
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref45
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref45
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref45
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref45
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref45
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref46
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref46
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref46
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref46
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref46
https://doi.org/10.1093/ageing/afaa276
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref48
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref48
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref48
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref48
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref49
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref49
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref49
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref49
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref50
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref50
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref50
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref50
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref50

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Vu et al + Vision Impairment and Cognitive Impairment

Reyes-Ortiz CA, Kuo YF, DiNuzzo AR, et al. Near vision
impairment predicts cognitive decline: data from the Hispanic
established populations for epidemiologic studies of the
elderly. J Am Geriatr Soc. 2005;53(4):681—686.

Rovner BW, Casten RJ, Leiby BE, Tasman WS. Activity loss
is associated with cognitive decline in age-related macular
degeneration. Alzheimers Dement. 2009;5(1):12—17.

Helmer C, Malet F, Rougier MB, et al. Is there a link between
open-angle glaucoma and dementia? The Three-City-Alienor
cohort. Ann Neurol. 2013;74(2):171—179.

Sachdev PS, Lipnicki DM, Crawford J, et al. Factors pre-
dicting reversion from mild cognitive impairment to normal
cognitive functioning: a population-based study. PLoS One.
2013;8(3):e59649.

Elyashiv SM, Shabtai EL, Belkin M. Correlation between vi-
sual acuity and cognitive functions. Br J Ophthalmol.
2014;98(1):129—132.

Hong T, Mitchell P, Burlutsky G, et al. Visual impairment,
hearing loss and cognitive function in an older population:
longitudinal findings from the blue mountains eye study. PLoS
One. 2016;11(1):e0147646.

Zheng DD, Swenor BK, Christ SL, et al. Longitudinal asso-
ciations between visual impairment and cognitive functioning
the Salisbury Eye Evaluation Study. JAMA Ophthalmol.
2018;136(9):989—995.

Brenowitz WD, Kaup AR, Lin FR, Yaffe K. Multiple sensory
impairment is associated with increased risk of dementia
among black and white older adults. J Gerontol A Biol Sci Med
Sci. 2019;74(6):890—896.

Naél V, Péres K, Dartigues JF, et al. Vision loss and 12-year
risk of dementia in older adults: the 3C cohort study. Eur J
Epidemiol. 2019;34(2):141—152.

Swenor BK, Wang J, Varadaraj V, et al. Vision impairment and
cognitive outcomes in older adults: the Health ABC Study.
J Gerontol A Biol Sci Med Sci. 2019;74(9):1454—1460.

Lee ATC, Richards M, Chan WC, et al. Higher dementia
incidence in older adults with poor visual acuity. J Gerontol A
Biol Sci Med Sci. 2020;75(11):2162—2168.

Lim ZW, Chee M-L, Soh ZD, et al. Association between vi-
sual impairment and decline in cognitive function in a multi-
ethnic Asian population. JAMA Network Open. 2020;3(4).
€203560—e203560.

Masters CL, Bateman R, Blennow K, et al. Alzheimer’s dis-
ease. Nat Rev Dis Primers. 2015;1:15056.

Sperling R, Mormino E, Johnson K. The evolution of pre-
clinical Alzheimer’s disease: implications for prevention trials.
Neuron. 2014;84(3):608—622.

Petersen RC. Mild cognitive impairment as a diagnostic entity.
J Intern Med. 2004;256(3):183—194.

American Psychiatric Association. Task force on D-I.
Diagnostic and Statistical Manual of Mental Disorders: DSM-
IV. 4th ed. Washington, DC: American Psychiatric Associa-
tion; 1994.

McKhann G, Drachman D, Folstein M, et al. Clinical diag-
nosis of Alzheimer’s disease: report of the NINCDS-ADRDA
Work Group under the auspices of Department of Health and
Human Services Task Force on Alzheimer’s Disease.
Neurology. 1984;34(7):939—944.

Elm EV, Altman DG, Egger M, et al. Strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. BMJ.
2007;335(7624):806.

Diniz-Filho A, Delano-Wood L, Daga FB, et al. Association
between neurocognitive decline and visual field variability in
glaucoma. JAMA Ophthalmol. 2017;135(7):734—739.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Deeks JJ, Dinnes J, D’Amico R, et al. Evaluating non-
randomised intervention studies. Health Technol Assess.
2003;7(27). iii—x, 1—173.

Vetrano DL, Palmer KM, Galluzzo L, et al. Hypertension and
frailty: a systematic review and meta-analysis. BMJ Open.
2018;8(12):e024406.

Higgins JPT, Thomas JI, Chandler J, et al. Cochrane Hand-
book for Systematic Reviews of Interventions. Version 6.1
(updated September 2020) www.training.cochrane.org/hand-
book; 2020. Accessed 28.10.20.

Higgins JP, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Star Med. 2002;21(11):1539—1558.

Ivers RQ, Cumming RG, Mitchell P, Attebo K. Visual
impairment and falls in older adults: the Blue Mountains Eye
Study. J Am Geriatr Soc. 1998;46(1):58—64.

World Health Organization. International Statistical Classifi-
cation of Diseases and Related Health Problems, 10th Revision
(ICD-10). WHO version for 2019 https://www.who.int/clas-
sifications/icd/icdonlineversions/en/. Accessed 30.08.20.
Loughrey DG, Kelly ME, Kelley GA, et al. Association of age-
related hearing loss with cognitive function, cognitive impair-
ment, and dementia: a systematic review and meta-analysis.
JAMA Otolaryngol Head Neck Surg. 2018;144(2):115—126.
Silva MME, Mercer PBS, Witt MCZ, Pessoa RR. Olfactory
dysfunction in Alzheimer’s disease systematic review and
meta-analysis. Dement Neuropsychol. 2018;12(2):123—132.
Livingston G, Huntley J, Sommerlad A, et al. Dementia pre-
vention, intervention, and care: 2020 report of the Lancet
Commission. Lancet. 2020;396(10248):413—446.

Humes LE, Busey TA, Craig J, Kewley-Port D. Are age-
related changes in cognitive function driven by age-related
changes in sensory processing? Atten Percept Psychophys.
2013;75(3):508—524.

Monge ZA, Madden DJ. Linking cognitive and visual
perceptual decline in healthy aging: the information degra-
dation hypothesis. Neurosci Biobehav Rev. 2016;69:
166—173.

Varadaraj V, Munoz B, Simonsick EM, Swenor BK. Vision
impairment and participation in cognitively stimulating activ-
ities: the Health ABC Study. J Gerontol A Biol Sci Med Sci.
2021;76(5):835—841.

Rong SS, Lee BY, Kuk AK, et al. Comorbidity of dementia
and age-related macular degeneration calls for clinical aware-
ness: a meta-analysis. Br J Ophthalmol. 2019;103(12):1777.
Gupta P, Gan ATL, Man REK, et al. Association between
diabetic retinopathy and incident cognitive impairment. Br J
Ophthalmol. 2019;103(11):1605.

Zhang HJ, Mi XS, So KF. Normal tension glaucoma: from the
brain to the eye or the inverse? Neural Regen Res.
2019;14(11):1845—1850.

Williams MA, McKay GJ, Carson R, et al. Age-related mac-
ular degeneration-associated genes in Alzheimer disease. Am J
Geriatr Psychiatry. 2015;23(12):1290—1296.

Isas JM, Luibl V, Johnson LV, et al. Soluble and mature
amyloid fibrils in drusen deposits. Invest Ophthalmol Vis Sci.
2010;51(3):1304—1310.

Gupta V, Gupta VB, Chitranshi N, et al. One protein, multiple
pathologies: multifaceted involvement of amyloid B in
neurodegenerative disorders of the brain and retina. Cell Mol
Life Sci. 2016;73(22):4279—4297.

Pigeon C, Marin-Lamellet C. Ageing effects on the attentional
capacities and working memory of people who are blind.
Disabil Rehabil. 2017;39(24):2492—2498.

Denton M, Prus S, Walters V. Gender differences in health:
a Canadian study of the psychosocial, structural and

991


http://refhub.elsevier.com/S0161-6420(20)31158-1/sref51
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref51
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref51
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref51
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref51
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref52
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref52
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref52
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref52
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref53
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref53
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref53
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref53
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref54
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref54
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref54
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref54
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref55
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref55
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref55
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref55
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref56
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref56
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref56
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref56
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref57
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref57
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref57
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref57
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref57
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref58
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref58
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref58
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref58
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref58
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref59
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref59
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref59
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref59
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref60
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref60
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref60
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref60
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref61
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref61
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref61
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref61
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref62
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref62
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref62
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref62
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref62
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref63
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref63
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref64
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref64
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref64
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref64
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref65
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref65
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref65
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref66
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref66
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref66
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref66
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref67
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref67
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref67
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref67
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref67
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref67
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref68
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref68
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref68
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref68
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref69
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref69
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref69
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref69
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref70
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref70
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref70
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref70
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref70
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref71
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref71
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref71
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref73
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref73
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref73
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref74
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref74
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref74
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref74
https://www.who.int/classifications/icd/icdonlineversions/en/
https://www.who.int/classifications/icd/icdonlineversions/en/
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref76
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref76
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref76
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref76
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref76
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref77
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref77
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref77
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref77
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref78
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref78
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref78
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref78
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref79
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref79
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref79
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref79
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref79
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref80
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref80
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref80
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref80
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref80
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref81
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref81
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref81
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref81
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref81
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref82
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref82
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref82
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref83
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref83
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref83
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref84
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref84
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref84
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref84
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref85
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref85
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref85
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref85
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref86
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref86
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref86
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref86
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref87
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref87
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref87
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref87
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref87
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref88
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref88
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref88
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref88
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref89
http://refhub.elsevier.com/S0161-6420(20)31158-1/sref89

90.

91.

92.

93.

Ophthalmology  Volume 128, Number 7, July 2021

behavioural determinants of health. Soc Sci Med.
2004;58(12):2585—2600.

Lavie N. Perceptual load as a necessary condition for selective
attention. J Exp Psychol Hum Percept Perform. 1995;21(3):
451—-468.

Sargent L, Nalls M, Starkweather A, et al. Shared biological
pathways for frailty and cognitive impairment: a systematic
review. Ageing Res Rev. 2018;47:149—158.

Marquie M, Castilla-Marti M, Valero S, et al. Visual impair-
ment in aging and cognitive decline: experience in a memory
clinic. Sci Rep. 2019;9(1):8698.

Jones S, Howard L, Thornicroft G. ‘Diagnostic over-
shadowing’: worse physical health care for people with
mental illness. Acta Psychiatr Scand. 2008;118(3):

169—171.

Pictures & Perspectives

94.

95.

96.

97.

98.

Cronin-Golomb A, Corkin S, Rizzo JF, et al. Visual
dysfunction in Alzheimer’s disease: relation to normal aging.
Ann Neurol. 1991;29(1):41-52.

Cogan DG. Alzheimer syndromes. Am J Ophthalmol.
1987;104:183—184.

Tales A, Butler S, Fossey J, et al. Visual search in Alzheimer’s
disease: a deficiency in processing conjunctions of features.
Neuropsychologia. 2002;40(12):1849—1857.

Alegret M, Boada-Rovira M, Vinyes-Junqué G, et al. Detection
of visuoperceptual deficits in preclinical and mild Alzheimer’s
disease. J Clin Exp Neuropsychol. 2009;31(7):860—867.
Aarsland D, Ballard C, Larsen JP, McKeith I. A comparative
study of psychiatric symptoms in dementia with Lewy bodies
and Parkinson’s disease with and without dementia. Int J
Geriatr Psychiatry. 2001;16(5):528—536.

Retinopathy of Transcobalamin II Deficiency: Long-Term Stability with Treatment

A French-Canadian girl with megaloblastic anemia detected at age 17 months received oral vitamin B12 and folate, with hematological
improvement. At age 13, additional retinopathy with macular atrophy, peripheral neuropathy, and elevated homocysteine and methyl-
malonate levels led to the diagnosis of congenital transcobalamin II deficiency (TCN2 mutations c.548_549dupTG(p.Glu184Tryfsx24) and
¢.940G>A(p.Val314lle)). Visual acuity was 20/40 in the right eye and 20/50 in the left eye with bilateral central-sparing central field
defects. Weekly intramuscular hydroxycobalamin was begun. Twenty-one years later, her supplementation continues, and ocular findings
remain stable. Fundus photos (Fig A), OCT (Fig B), and autofluorescence (Fig C, showing diffuse mottled macular hypofluorescence
surrounded by hyperfluorescent lesion border) at age 34 years are shown (Magnified version of Fig A-C is available online at
www.aaojournal.org).
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