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Objective: To evaluate the feasibility of using optical coherence tomography (OCT) for the
detection of Alzheimer’s disease (AD), by measuring the thickness of the retinal nerve fiber
layer (RNFL) and the ganglion cell layer and inner plexiform layer (GCL-IPL).

Material and Methods: This was a single-center, cross-sectional study. The study included 29
patients with AD (mean age + standard deviation: 75.61 + 6.24 years) and 29 healthy age- and
sex-matched controls. All participants underwent cognitive evaluations using the Montreal
Cognitive Assessment test. Measurements of the RNFL thickness, as well as GCL-IPL thickness,
were obtained for all participants using OCT. Both RNFL and GCL-IPL parameters were
adjusted for best-corrected visual acuity, hypertension, diabetes and dyslipidemia.

Results: The mean RNFL thickness was significantly thinner in the AD group than in the
control group (85.24 and 90.68 pm, respectively, adjusted P=0.014). The superior quadrant
was thinner in the AD group (adjusted P=0.033). The thicknesses did not differ significantly
between groups for the other quadrants. The mean GCL-IPL thickness in the AD (68.81 um)
was significantly thinner than that in the controls (76.42 pm) (adjusted P=0.014). Overall,
there was a negative correlation between age and mean RNFL; and between age and GCL-
IPL thickness (r=—0.338, P=0.010 and r=—0.346, P=0.008, respectively).

Conclusion: The mean RNFL and GCL-IPL thicknesses were thinner in the AD group than
in the control group. These findings suggest that RNFL and GCL-IPL thickness may be
biological markers for AD.

Keywords: Alzheimer’s disease, optical coherence tomography, retinal nerve fiber layer,

ganglion cell layer, dementia

Introduction

Alzheimer’s disease (AD) is the most common type of degenerative dementia,
accounting for 60—70% of all cases.' Alzheimer’s disease, which has a significant
impact on patients, their families and society, is characterized by a progressive
decline in cognitive function. Pathological hallmarks are the accumulation of
amyloid-beta (AP) and intracellular neurofibrillary tangles.”

Alzheimer’s disease patients develop visual symptoms and retinal changes.” The
retina, an extension of the brain, is derived from the neural tube. It shares physio-
logical and anatomical features with the brain. Hinton et al provided histopatholo-
gical evidence of axonal degeneration of the retinal ganglion cells (RGCs) in
patients with AD.® The retinal nerve fiber layer (RNFL) consists primarily of
RGC axons, which progressively degenerate in AD, according to Paquet et al.*
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The diagnosis of AD is currently based on clinical
history, cognitive assessments and biomarkers. Positron
emission tomographic amyloid imaging, cerebrospinal
fluid tau and AP levels have high specificity in the diag-
nosis of AD.” However, they are expensive and time-
consuming.

Optical coherence tomography (OCT) provides high-
resolution cross-sectional images of the retina, with
biopsy-like precision. It is non-invasive and inexpensive.
Optical coherence tomography provides measures of the
thickness of the RNFL and ganglion cell layer (GCL) in
microns. It is widely used in multiple ophthalmic condi-
tions, such as glaucoma and retinopathy. There is increas-
ing evidence of its utility in neurological disorders,
including multiple sclerosis, Parkinson’s disease and
AD.®” Many studies have found that the thickness of the
peripapillary RNFL and GCL was reduced in patients with
AD.A " However, some studies have shown different
results in terms of quadrant affected in peripapillary
RNFL scan.

This study aimed to evaluate the feasibility of using
OCT for the detection of AD in Thai patients. We mea-
sured the thickness of the peripapillary RNFL, and the
macular GCL with the inner plexiform layer (GCL-IPL)
in AD patients and healthy controls. The thicknesses were
then compared between the groups.

Materials and Methods

The study was approved by the Ethics committee of
Ramathibodi  Hospital, Mahidol University (COA.
MURAZ2019/539), and written informed consent was
obtained from all participants or their caregivers.

This single-center, cross-sectional study was conducted
in Ramathibodi Hospital, from August 2019 to November
2019. The 58 participants in the study were divided into
two groups: AD and age- and sex-matched controls. The
diagnosis of AD was made based on the National Institute
of Neurologic and Communicative Disorders and Stroke—
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) and the Diagnostic and Statistical
Manual of Mental Disorders (DSM 1V) criteria. All parti-
cipants underwent cognitive assessments, based on the
Montreal Cognitive Assessment (MoCA). All participants
were >59 years of age.

Exclusion criteria were: any optic neuropathy, includ-
ing glaucoma; retinal diseases; and other neurologic dis-
eases, such as dementia other than AD, Parkinsonian
diseases, multiple sclerosis or stroke. These were excluded

via self-reported and/or ophthalmic examinations.
Uncooperative or bedridden patients were also excluded.

All participants underwent ophthalmic examinations,
including measurement of best-corrected visual acuity
(BCVA), intraocular pressure (IOP) and dilated fundus
examination. Best-corrected visual acuity was measured
using Snellen charts, with values then converted to the
logarithm of the minimum angle of resolution (logMAR)
for statistical analysis.

All participants underwent OCT examination of both
eyes, using a Cirrus HD-OCT Model 4000 (Carl Zeiss
Meditec, Dublin, CA). Optic nerve head cube 200 x 200
and macular cube 512 x 128 scan protocols were used
for optic disc and macular scans, respectively. Optical
coherence tomography images of poor quality (signal
strength less than 7/10) and OCT images with segmen-
tation error on inspection were excluded from the ana-
of the

peripapillary RNFL in all four quadrants: superior, infer-

lyses. We measured the mean thickness
ior, nasal and temporal. We also measured the mean
thickness of the GCL-IPL in six sectors: superonasal,
inferonasal, superotemporal,

inferotemporal, superior

and inferior.

Statistical Analysis

The necessary sample size was calculated based on power
analysis before the study. It was determined that 26 parti-
cipants were required in each group. The power of each
group was 0.80.

Categorical data are presented herein as frequencies
(percentages). Continuous variables are presented as
means with the standard deviation or medians with the
interquartile range. Statistical analyses were performed
using paired t-tests for two dependent continuous vari-
ables, marginal homogeneity tests for ordinal categorical
variables and McNemar’s test for two dependent dichot-
omous variables. Associations of IOP, BCVA and OCT
parameters between the AD and control groups were cal-
culated using mixed-effects linear regression models. Both
RNFL and GCL-IPL models were adjusted for BCVA,
hypertension, diabetes and dyslipidemia. Pearson’s corre-
lation was used for analyzing the correlation between OCT
parameters and MoCA scores, and between OCT para-
meters and age.

All statistical analyses were performed using Stata
version 16.1 (Stata Corp, College Station, TX). P values
of < 0.05 were considered statistically significant.
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Table 1 Demographic and Clinical Characteristics

Baseline Characteristics AD (N=29) Controls (N=29) P-value
Eyes studied, n 54 57

Age, years (mean * SD) 75.61 £ 6.24 75.80 + 6.32 0.089
Female sex, n (%) 20 (68.97) 20 (68.97) 1.000
Education 1.000
Elementary level, n (%) 9 (31.03) 9 (31.03)

Short secondary level, n (%) 3 (10.34) 3 (10.34)

Higher level, n (%) 17 (58.62) 17 (58.62)

BCVA, log MAR (median, IQR) 0.28 (0.1, 0.4) 0.17 (0.0, 0.3) 0.008
IOP, mmHg (mean + SD) 12.02 + 2.51 11.84 + 3.06 0.844
MoCA, score (mean * SD) 1452 + 6.21 26.62 + 1.18 <0.001
Hypertension, n (%) 18 (62.07) 18 (62.07) 1.000
Diabetes, n (%) 6 (20.69) 8 (27.59) 0.754
Dyslipidemia, n (%) 17 (58.62) 20 (68.97) 0.607
Duration of cognitive symptoms, years (median, IQR) 4.21 (2, 6)

Notes: Bold values indicate statistically significant at P-value < 0.05.

Abbreviations: AD, Alzheimer’s disease; n, number; SD, standard deviation; BCVA, best-corrected visual acuity; log MAR, logarithm of the minimum angle of resolution;
IOP, intraocular pressure; MoCA, Montreal Cognitive Assessment; IQR, interquartile range.

Results

A total of 58 participants (111 eyes) were recruited. There
were 29 patients in the AD group (20 females [68.97%], ages
60.67-85.25 years, MoCA scores 3—24 [mean 14.52]). There
were 29 participants in the control group (20 females
[68.97%], ages 60.67-85.33 years, MoCA scores 25-29
[mean 26.62]). The two groups were age- and sex-matched.
Four eyes (6.89%) in the AD group and one eye (1.72%) in
the control group were excluded from the study due to sig-
nificant cataract, which resulted in poor-quality RNFL and
GCL-IPL images (signal strength less than 7/10). No signifi-
cant differences were found in age, sex, education level,
coexisting diseases or IOP between the two groups. Best-

corrected visual acuity and MoCA were significantly better in
the controls than in the AD group. A summary of demo-
graphic and clinical characteristics is provided in Table 1.

The peripapillary RNFL thicknesses, for the combination
of the two groups, produced a plot with two peaks (Figure 1).
The mean RNFL thickness was significantly thinner in the
AD group than in the controls (85.24 and 90.68 um, respec-
tively, adjusted P=0.014). Of the four RNFL quadrants, the
superior quadrant in the AD group was thinner than that in
the controls (adjusted P=0.033); no significant differences
were found between the two groups in the nasal, inferior and
temporal quadrants (adjusted P=0.063, 0.117 and 0.075,
respectively).

RNFL thickness
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Figure | Line chart showing a comparison of RNFL thickness based on each quadrant between the two groups.
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The mean GCL-IPL thickness was significantly thinner
in the AD group than in the controls (adjusted P=0.014).
Of the six GCL-IPL sectors, the measurement was signifi-
cantly thinner in the AD group than in the controls in
every sector except for the superotemporal sector.
Detailed comparisons of the OCT parameters (RNFL and
GCL-IPL) between the groups are shown in Table 2.

Overall, there was a negative correlation between age
and mean RNFL thickness (r= —0.338, P=0.010), and
between age and mean GCL-IPL thickness (r= —0.346,
P=0.008) (Figures 2 and 3). However, there was no sig-
nificant correlation between the MoCA scores and OCT
parameters across the 58 participants (P>0.05).

Discussion

Our study found that the mean RNFL thickness was signifi-
cantly thinner in the AD group than the controls. Likewise,
the GCL-IPL thickness was significantly thinner in almost all
sectors in the AD group, compared with those in the controls.
Overall, there was no correlation between OCT parameters
and MoCA scores. However, there was a significant negative
correlation between age and OCT parameters.

The loss of RGCs in AD might have resulted from
amyloid deposition, which was previously reported in
a postmortem mouse model and also in retinal tissue in
vivo. Therefore, amyloid accumulation in the retina may
result in the degeneration of RGCs in parallel to the
neurodegeneration in the brain.'?

Many studies have reported significant thinning in
the overall RNFL in patients with AD.'> Most studies
showed significant thinning in the superior and inferior
quadrants of the RNFL in AD,'*!> whereas some stu-
dies found thinning only in the superior quadrant, as in
our results.'®'” The prominent loss of RNFL in the
superior and inferior regions may occur because of
a higher number of neurons in those regions. Liu et al
and Armstrong et al provided a possible explanation for
the dominant defect in superior RNFL, in that axons
from the superior retina anatomically project to the
cuneal gyrus of the primary visual cortex, where
a higher density of senile plaques and neurofibrillary
tangles are deposited.'*'®

Cheung et al demonstrated that GCL-IPL thickness in
all six sectors and only the superior quadrant of RNFL
thickness were significantly reduced in AD patients com-
pared with normal controls."" They suggested that the
sensitivity of GCL-IPL measurements is higher than that
of RNFL measurements for distinguishing patients with
AD from controls."" These were fairly similar to our
results. Our AD group showed significant thinning of the
GCL-IPL in almost every sector, compared with only the
superior quadrant for the RNFL. Further studies are
needed to confirm the concept that the GCL-IPL is
a more sensitive biomarker than is the RNFL.

A significant difference was found in BCVA between
the two groups in our study. Recent studies have shown

Table 2 Comparison of Optical Coherence Tomography (OCT) Parameters Between Alzheimer’s Disease (AD) Patients and Healthy

Controls
OCT Parameters AD (54 Eyes) Controls (57 Eyes) Adjusted P-value
Mean SD Mean SD

RNFL (um)
Mean thickness 85.24 8.73 90.68 10.57 0.014
Superior 101.06 16.37 109.74 18.41 0.033
Temporal 64.39 9.671 68.74 12.17 0.075
Inferior 109.41 16.64 114.75 18.68 0.117
Nasal 66.00 8.57 69.60 7.65 0.063

GCL-IPL (um)
Mean thickness 68.81 15.52 76.42 11.69 0.014
Superotemporal 67.85 17.96 74.98 15.08 0.067
Inferotemporal 70.07 14.69 76.11 I1.15 0.024
Inferior 67.49 16.24 7423 I1.51 0.018
Inferonasal 67.06 16.68 76.25 11.98 0.004
Superonasal 70.65 16.53 79.09 15.67 0.014
Superior 69.69 18.35 79.02 16.52 0.009

Notes: Bold values indicate statistically significant at adjusted P-value < 0.05.

Abbreviations: SD, standard deviation; RNFL, retinal nerve fiber layer; GCL-IPL, ganglion cell layer and inner plexiform layer.
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Figure 2 Scatterplot of the association between age and RNFL thickness in the full
set of participants.
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Figure 3 Scatterplot of the association between age and GCL-IPL thickness in the
full set of participants.

that AD patients have significantly more-reduced accuracy
in low luminance compared with age-matched controls."
The increased prevalence of cataracts in AD patients may
also affect BCVA.?° We were aware of this confounding
factor for OCT parameters between the AD and control
groups and, therefore, both the RNFL and GCL-IPL mod-
els were adjusted for BCVA.

Moreover, although there were no statistical differ-
ences in the systemic vascular conditions such as hyper-
tension, diabetes and dyslipidemia between the AD and
control groups. There may be residual confounders.
Therefore, such systemic characteristics were also adjusted
in OCT parameter comparison.

A previous study that performed OCT analysis of age-
related thinning of the RNFL found a significant correlation

between age and OCT parameters, consistent with our
2! However, AD patients had thinner RNFL and
GCL measures than did non-AD patients of the same

study.

age.* "' When adjusted for age, BCVA, and systemic vas-
cular conditions, there was still significant thinning of the
RNFL in the AD group compared with controls. Therefore,
AD may be an independent factor for RNFL thinning.

A previous study showed a significant correlation
between OCT parameters and cognitive function.”?
However, we found no correlation between MoCA scores
and OCT parameters. Cognitive function is influenced by
multiple factors, such as education, economic level, occu-
pation and social activity.”> Thus, the MoCA may not
accurately reflect the severity of disease.

This study had some limitations. First, it was con-
ducted in a cross-sectional manner, so there was no fol-
low-up. Second, patients with severely impaired cognition
could not be recruited because they had poor attention and
did not follow instructions. Conversely, the strengths of
our study are as follows. 1) The AD and control groups
were age-and-sex matched. 2) The sample size of each
group was slightly larger than number required based on
the calculation prior to the study. 3) In addition to RNFL
thickness, GCL-IPL thickness was evaluated in our study.

Conclusions
In summary, the mean RNFL thickness and mean GCL-IPL
thickness showed significant thinning in AD patients, spe-
cifically in the superior quadrant of the RNFL and almost
every sector of the GCL-IPL. Overall, a significant negative
correlation between age and RNFL thinning was noted.
However, no correlation between the degree of cognitive
impairment and RNFL thinning was found in this study.
Optical coherence tomography may be a feasible tool
for detecting AD. However, a longitudinal study is needed
to determine whether OCT parameters can serve as surro-
gate markers in patients with AD.
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