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Abstract
Retinal nerve fiber layer (RNFL) thickness, ganglion cell layer (GCL) thickness, and macular volume (MV) utilizing spectral domain
optical coherence tomography (SD-OCT) were compared among patients with Alzheimer’s disease (AD) dementia, non-Alz-
heimer’s disease (non-AD) dementia, amnestic mild cognitive impairment (aMCI), Parkinson’s disease (PD), and age- and
sex-matched controls in a cross-sectional cohort study. A total of 116 participants were diagnosed and evaluated (21 AD, 20
aMCI, 20 non-AD, 20 PD, and 34 controls) after comprehensive neurological, neuropsychology, and magnetic resonance imaging
(MRI) volumetric evaluations. Retinal nerve fiber layer thickness, GCL thickness, and MV were measured. Analysis of variance
models were used to compare groups on MRI volumetric measures, cognitive test results, and SD-OCT measures. Associations
between SD-OCT measures and other measures were performed using mixed-effect models. Spectral domain optical coherence
tomography analysis of retinal markers, including RNFL thickness, GCL thickness, and MV, did not differ between amnestic MCI,
AD dementia, PD, non-AD, dementia, and age- and sex-matched controls in a well-characterized patient cohort.
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Introduction

Alzheimer’s disease (AD) is the most common form of demen-

tia worldwide. A major challenge in the field of AD includes

finding reliable and cost-effective biomarkers for the diagnosis

of AD and the assessment of treatment response for this pro-

gressive disease. The current National Institute of Aging/Alz-

heimer Association (NIA/AA) guidelines for the diagnosis of

AD include a combination of clinical history, cognitive tests,

and biomarkers.1 There is still an unmet need for a sensitive

and specific biomarker test that can be administered in a phy-

sician’s office to aid in early clinical diagnosis of AD. Retinal

changes have been reported as a promising biomarker in a

number of neurodegenerative diseases.2,3

Histopathological studies have suggested possible loss of

retinal nerve fiber layer (RNFL) thickness in AD from deple-

tion of retinal ganglion cells and optic nerve axons as identified

in multiple studies,4-6 although some dispute this conclusion.7,8

Clinical studies of retinal function in AD have demonstrated

mixed results. Some studies have noted abnormalities in retinal

layer electrophysiology, RNFL thinning, and optic nerve head

thinning,9-22 whereas other studies have not found supporting

evidence that AD and retinal dysfunction are linked.23,24 The

exact etiologies of these proposed retinal changes are still con-

troversial.2,15,25 The differences in the results have been
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attributed to differing experimental techniques, varying stages

of AD, and small study populations.

The specificity of these findings is also unknown, as retinal

changes have also been found in mild cognitive impairment

(MCI)15-18 and other neurodegenerative conditions including

Parkinson’s disease (PD)26-28 and dementia with Lewy bod-

ies.29 Previous optical coherence tomography (OCT) studies

(that included both time-domain and spectral domain optical

coherence tomography [SD-OCT]) did not compare RNFL

thickness across neurodegenerative diseases in a single study

to evaluate whether changes reported were specific to AD.

Detailed neurocognitive testing was also lacking, as screening

cognitive tests, especially the Mini-Mental State Examination,

were used to characterize AD and for correlations between

clinical severity of AD and RNFL thickness. It is also unclear

how retinal changes compare with the current generation of

clinically useful MRI biomarkers.

The aim of the present study was to compare retinal changes

across multiple neurodegenerative diseases (AD, non-AD, and

PD) and different severity of cognitive impairment (normal

cognition, MCI, and dementia) utilizing SD-OCT. We

hypothesized that participants with AD would have thinner

RNFL measures than non-AD, PD, and age- and sex-matched

controls, and thinner RNFL will correlate with higher severity

of cognitive impairment.

Methods

This was a cross-sectional cohort study approved by the Cle-

veland Clinic Institutional Review Board. A total of 116 par-

ticipants evaluated at the Cleveland Clinic Lou Ruvo Center

for Brain Health or Center for Neurological Restoration

between October 2012 and August 2014 were included in the

study. These included participants diagnosed with AD,

amnestic MCI, non-AD dementia, or PD and participants with

normal cognition who were age- and sex-matched controls.

All participants were 50 years or older and were able to con-

sent for participating in the study. Only patients with English

proficiency were included in the study. Study participants

underwent screening for a history of ophthalmic disease by

a clinician. Each participant was screened for uncontrolled

diabetes, hypertension, and related vision complaints. Parti-

cipants with any ophthalmological problems likely to affect

retinal layer thickness (glaucoma, macular degeneration, dia-

betic retinopathy, retinal tears, and vision loss) in their med-

ical history were excluded.

Clinical Diagnostics and Evaluation

The diagnoses of AD (probable AD with evidence of the AD

pathophysiological process; evidence of MRI hippocampal and

medial temporal atrophy as a biomarker for downstream neu-

ronal degeneration), non-AD dementia (dementia unlikely due

to AD), amnestic MCI (MCI due to AD—intermediate like-

lihood), and normal cognition were established at consensus

multidisciplinary case conferences using the NIA/AA-2011

diagnostic criteria.30,31 The diagnosis of PD was made by an

experienced neurologist specializing in movement disorders

(H.F.) if participant fulfilled the UK Brain Bank Criteria for

PD.32 Patients with PD completed the motor examination sec-

tion, part III, of Unified Parkinson’s Disease Rating Scale

(UPDRS) in the medication-off state. Patients with PD were

within 2 to 5 years of clinical diagnosis. All participants with

cognitive impairment completed a neurological evaluation,

detailed neurocognitive testing, MRI of the brain, and blood

tests to rule out common reversible causes of dementia. Parti-

cipants with normal cognition also underwent a neurological

evaluation, detailed neurocognitive testing, and MRI of the

brain.

Neurocognitive Assessment

As part of neurocognitive testing, study participants completed

the Montreal Cognitive Assessment (MoCA),33 Logical Mem-

ory subtest of the Wechsler Memory Scale—Fourth Edition

(WMS-IV),34 Hopkins Verbal Learning Test–Revised

(HVLT-R),35 phonemic and semantic verbal fluency,36 and

Trail Making Test (parts A and B).37

Magnetic Resonance Imaging Volumetric Assessment

Volumetric data from MRI of the brain provided detailed

regional volumetric evaluation of the hippocampus and whole

brain corrected for intracranial volume, using a standard Alz-

heimer’s Disease Neuroimaging Initiative sequence featuring a

T1-weighted volumetric acquisition (at either 1.5 T or 3 T on

Siemens scanners), followed by MRI postprocessing using

NeuroQuant software (Cortech Labs Inc, La Jolla, California).

Ophthalmic Imaging Assessment

All participants underwent optic nerve head and macular cube

scan using the Cirrus 4000 HD-OCT (Zeiss, Oberkochen, Ger-

many). Spectral domain optical coherence tomography scans

were performed by an experienced technician. All scans were

reviewed for image quality and analysis artifacts by a blinded

physician. Cross-sectional RNFL thickness, ganglion cell layer

(GCL) thickness, and macular volume (MV) were measured

utilizing the standard analysis algorithms in the Cirrus reader

software.

Statistical Analysis

Case–control analysis was undertaken with the RNFL thick-

ness, GCL thickness, and MV collected with age- and sex

frequency-matched controls. Approximately 20 participants for

each group were chosen based on previous studies in AD and

PD where the RNFL thickness measures within each subject

group were normally distributed with standard deviations

(SDs) from 315 to 15 mm.28 If the true difference in the experi-

mental and control means (with the experimental group having

thinner RNFL) is approximately 12 mm with a SD of 15 mm,2,28

20 participants are needed in each disease group compared to
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20 controls to be able to reject the null hypothesis (a ¼ 0.05)

that the population means of the experimental and control

groups are equal with probability (power) 0.80. Categorical

patient characteristics were summarized using frequencies and

percentages, whereas continuous measures were described

using means and SDs or means and standard errors when

repeated-measure methods were used. Normality of the mea-

sures was assessed graphically. Analysis of variance models

with post hoc Bonferroni multiple comparison procedures were

used to compare groups on MRI measures, cognitive test

results, and OCT measures by eye, OCT averages across eyes,

and OCT differences between eyes. Associations between OCT

measures and other measures were performed using mixed-

effect models. Analyses were performed using SAS software

(version 9.2; Cary, North Carolina [SAS Institute Inc]). An

overall significance level of 0.50 was assumed for all

comparisons.

Results

Participants

Overall, 116 participants were enrolled in the study, including

participants with AD dementia (n ¼ 21), amnestic MCI (n ¼
21), non-AD dementia (n ¼ 20), PD (n ¼ 20), and 34 age-/sex-

matched controls by the frequency matching sampling design.

The participants were comparable across all groups on age and

sex. Patients with PD were significantly more educated than the

patients with MCI (16.4 vs 13.9 years, P ¼ 0.005), with no

other significant differences observed across other groups. The

mean UPDRS motor examination score when off medications

was 23 (SD: 10.3) for the PD group (Table 1).

Neurocognitive Results

The mean MoCA cognitive scores for the groups are noted in Table

1, and the detailed neuropsychology scores and statistical differ-

ences between the groups are presented in Supplementary Table 1.

As expected, the participants with AD and non-AD dementia

performed significantly worse on all cognitive measures in com-

parison to the controls. Similarly, the MCI group had significantly

worse performance than the controls on all measures except for

trails B and phonemic fluency. The cases with PD performed simi-

larly to controls on all cognitive tests except for trails A.

Magnetic Resonance Imaging Results

On MRI volumetric measures, the amnestic MCI and AD

dementia groups had significantly lower hippocampal volumes

(corrected for intracranial volume) compared to participants

with normal cognition, whereas PD and non-AD dementia had

no significant difference in hippocampal volumes (corrected

for intracranial volume) compared to the normal cognition

group. Total brain volume (corrected for intracranial volume)

was significantly lower among AD and non-AD dementia

group compared to the PD group and those with normal cogni-

tion. Detailed MRI volumetric measures are presented in

Supplementary Table 2.

Ophthalmic Imaging Results

Among SD-OCT measures, the RNFL, GCL, and MV were not

significantly different across all groups. Using all SD-OCT

measures in a mixed-effect model did not identify any signif-

icant differences between the groups. The RNFL thickness

measures analysis by group and quadrant also did not show

any statistically significant difference between the groups

(Table 2 and Figures 1 and 2).

Discussion

Measurement of RNFL thickness using OCT has been generat-

ing significant interest, with many studies having reported a

significant decrease in the mean overall RNFL thickness in

patients with AD.2 Retinal nerve fiber layer thickness appeared

to have a potential utility in the diagnosis of AD.2,3 Although

our study had very well-characterized patients with detailed

neurocognitive testing and MRI volumetric analysis that could

Table 1. Demographics, MoCA Cognitive, and UPDRS Motor Scores.a

Demographics
AD Dementia

(n ¼ 21)
Amnestic MCI

(n ¼ 21)
Non-AD Dementia

(n ¼ 20) PD (n ¼ 20)
Normal Cognition

(n ¼ 34)

Age 65.8 + 11.1 68.2 + 6.7 68.7 + 8.4 62.6 + 9.5 65.1 + 8.3
Education years 14.9 + 2.7 13.9 + 2.5b 14.4 + 2.5 16.4 + 2.8c 15.3 + 2.7
Female % 62 57 45 45 59
MoCA cognitive score 16.0 + 5.4b,c,d 21.2 + 3.4b,d,e,f 15.0 + 6.3b,c,d 25.8 + 2.8c,e,f 26.6 + 2.4c,e,f

UPDRS motor score 23 (10.6)

Abbreviations: AD, Alzheimer’s disease; ANOVA, analysis of variance; MCI, mild cognitive impairment; MoCA, Montreal Cognitive Assessment; PD, Parkinson’s
disease; SD, standard deviation; UPDRS, Unified Parkinson’s Disease Rating Scale.
a Values are presented as mean + SD. P < .05, ANOVA.
b Significantly different from PD.
c Significantly different from MCI.
d Significantly different from normal.
e Significantly different from non-AD.
f Significantly different from AD.
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readily differentiate between participants with normal cogni-

tion from MCI and AD, we did not find differences on any of

the retinal measures between any of our subject groups as

initially hypothesized. No correlation between RNFL thinning

and severity of cognitive impairment was noted as initially

hypothesized. We found significant overlap between the PD,

MCI, AD, non-AD, and age- and sex-matched normal groups in

their RNFL thickness, MV, and GCL thickness. It is possible

that RNFL changes are noted in more severe stages of dementia

than evaluated in our study, which could potentially explain the

discrepancy between the histological evaluations reported at

autopsy and our clinical study. It has been our experience that

patients with MoCA <10 very often could not follow instruc-

tions and complete an OCT evaluation successfully, making

OCT testing unreliable in this population. Furthermore, if

RNFL thickness changes are noted only in the late stages of

dementia, its role as a clinical biomarker in differentiating AD

from other etiologies at earlier stages of the disease is limited.

It is possible that the mean difference in RNFL thickness

between AD and normal control groups is smaller than

12 mm for which the study was designed, in which case a larger

Table 2. Retinal Measures by Analysis Group.a

Retinal Measures
AD Dementia

(n ¼ 21)
Amnestic MCI

(n ¼ 21)
Non-AD Dementia

(n ¼ 20) PD (n ¼ 20)
Normal Cognition

(n ¼ 34) P

Macular cube volume 9.9 (0.1) 9.9 (0.1) 9.9 (0.1) 9.9 (0.1) 9.8 (0.1) 0.89
Macular cube GCL þ IPL thickness 75.7 (1.7) 78.6 (1.8) 76.5 (1.8) 77.5 (1.8) 73.5 (1.4) 0.17
Rim area 1.3 (0.1) 1.3 (0.1) 1.3 (0.1) 1.4 (0.1) 1.2 (0.0) 0.26
Disc area 1.7 (0.1) 1.8 (0.1) 1.8 (0.1) 1.9 (0.1) 1.6 (0.1) 0.11
Average CD ratio 0.5 (0.0) 0.5 (0.0) 0.5 (0.0) 0.5 (0.0) 0.4 (0.0) 0.95
Vertical CD ratio 0.5 (0.0) 0.5 (0.0) 0.5 (0.0) 0.5 (0.0) 0.4 (0.0) 0.99
Cup volume 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 0.66
RNFL thickness 88.9 (2.1) 89.9 (2.1) 89.9 (2.1) 88.5 (2.1) 85.3 (1.6) 0.35
RNFL quadrant S 107.2 (3.3) 109.3 (3.2) 111.9 (3.4) 110.1 (3.4) 106.0 (2.6) 0.66
RNFL quadrant N 72.5 (2.5) 69.8 (2.5) 73.8 (2.6) 72.9 (2.5) 66.9 (2.0) 0.16
RNFL quadrant I 114.4 (3.6) 117.0 (3.6) 114.3 (3.7) 111.9 (3.7) 108.7 (2.8) 0.44
RNFL quadrant T 61.8 (2.5) 63.4 (2.5) 59.5 (2.6) 59.2 (2.6) 59.1 (2.0) 0.66

Abbreviations: AD, Alzheimer’s disease; ANOVA, analysis of variance; CD, cup–disc ratio; GCL, ganglion cell layer; IPL, inner plexiform layer; MCI, mild cognitive
impairment; MoCA, Montreal Cognitive Assessment; PD, Parkinson’s disease; SD, standard deviation; UPDRS, Unified Parkinson’s Disease Rating Scale; RNFL,
retinal nerve fiber layer; SEM, standard error of the mean.
a Values are presented as mean (SEM). P < .05: mixed effect model adjusting for age and sex. Mean of both eyes for each participant. A significance level of .005 was
used for pairwise ad hoc comparisons.

Figure 1. Retinal measures by group mean and standard deviation (SD). Figure 2. Retinal nerve fiber layer (RNFL) thickness by group and
retinal quadrant, mean and standard deviation (SD).
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sample size might be needed to delineate group differences. As

MRI and neurocognitive measures noted significant group dif-

ferences even between the MCI and normal control groups in

our sample, the clinical advantage of RNFL thickness measure-

ment compared to clinically useful current biomarkers is not

clear.

Our study has some advantages over previous studies. All

participants met NIA/AA criteria for MCI due to AD and AD

dementia.30,31 The neurocognitive profiles noted on neuropsy-

chological testing and MRI measures of hippocampal volumes

were consistent with the diagnoses of AD and aMCI. Standard

multidisciplinary consensus was performed to rule out reversi-

ble dementia causes and provide clinically appropriate diagno-

sis in all cases. Unlike prior studies, participants with normal

cognition and PD also underwent detailed neurocognitive test-

ing and MRI volumetric scans to enable accurate clinical char-

acterization. Additionally, unlike most previous studies, the

current study had a well-characterized non-AD dementia group

(frontotemporal dementia, dementia with Lewy bodies, vascu-

lar dementia, corticobasal degeneration, and mixed dementia)

in addition to the PD group to distinguish changes specific to

AD as a neurodegenerative disorder.

Among most prior studies, estimates of differences were

potentially limited by the small size of the studies. Our analysis

was powered to differentiate RNFL group differences within

15 mm SD from the mean. The SD of RNFL thickness measures

within most quadrants for normal cognition, MCI, and AD

groups and mean RNFL thickness for all groups (PD right eye

being the exception at 15.5 SD) were powered to reject the null

hypothesis at 0.80 probability. Additionally, improving the

power of the analysis on increasing the group sample size of

possible AD etiology to n ¼ 42 by combining the aMCI and

AD dementia groups did not change results nor did a post hoc

analysis using 1 randomly chosen eye per patient. The SD-OCT

used in this study is a current generation system with a speed of

image acquisition around 27 000 axial scans/second. The volu-

metric data obtained with these SD-OCT systems and the

improved resolution must be considered when comparing the

results to previous studies utilizing time-domain OCT systems.

Longitudinal data on RNFL thinning with normal aging

obtained with SD-OCT38 note significant variance in RNFL

measures.38 Furthermore, the values identified in the above-

mentioned longitudinal study were consistent with the data

obtained in this current study.38 It is also possible that the

discrepancy between multiple prior studies and the current

results could be due to a bias in the literature against reporting

a negative finding of lack of RNFL thickness difference

between the groups.

The current study has a few limitations. Although all parti-

cipants met NIA/AA criteria (probable AD dementia with evi-

dence of the AD pathophysiological process, dementia unlikely

due to AD, and MCI due to AD, intermediate likelihood), no

amyloid markers (cerebrospinal fluid Ab42 or amyloid ima-

ging) were used to increase the accuracy of the diagnosis.

There could be intermixture of AD pathology among AD and

non-AD dementia subtypes, and not all participants with

amnestic MCI might have AD as the underlying etiology. Fur-

ther, this study being cross-sectional, we could not draw con-

clusions regarding changes in RNFL thinning within a single

individual over time. Even as no significant retinal thickness

changes were noted in our population with AD and non-AD, a

role for retinal amyloid imaging approaches to diagnose AD is

still open and now being clinically tested as part of the Aus-

tralian Imaging, Biomarkers and Lifestyle study.39 Microvas-

cular network alterations in the retina have also been reported

as promising.40 Additionally, this study focused only on the

SD-OCT parameters that are available using current generation

SD-OCT software. Additional focused retinal layer analysis

may also hold promise as a screening tool including outer

nuclear layer and ellipsoid zone assessment. This research uti-

lizing a custom SD-OCT analysis algorithm is currently

ongoing.

Conclusions

We found that retinal measures of RNFL thickness, GCL thick-

ness, and MV with SD-OCT are unable to distinguish AD

dementia from non-AD dementia, PD, amnestic MCI, and nor-

mal controls in a clinically well-characterized sample. These

results do not support a role for RNFL and GCL thicknesses or

for MV for diagnostic purposes in AD and PD.
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