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ABSTRACT

Purpose: To investigate whether inner retinal thickness can be used as a reliable biomarker in patients with mild cognitive
impairment (MCI) for early diagnosis and correlate these changes with cognitive decline.

Material and methods: Using spectral domain optical coherence tomography (SD-OCT) in MCI and control subjects we
assess peripapillary Retinal Nerve Fiber Layer (RNFL) thickness, macular thickness and volume and macular Ganglion
Cell Complex (mGCC was defined as the combination of retinal fiber, ganglion cell and inner plexiform layers) thickness,
Ganglion Cell Complex Global Volume Loss (GCC GVL%) and Ganglion Cell Complex Focal Volume Loss (GCC FVL%).
We assessed cognitive function using Mini Mental State Examination (MMSE) score. A database was created with the use of
the Statistical Program for Social Sciences (SPSS® ver12). Descriptive Statistics were utilized to find means, medians, standard
deviations and interquantile ranges. Statistical significance was set to 95%. Independent t-tests were used to compare means
between patients and control group when variables reached normal distribution. Mann-Whitney U test was used to compare
medians between patients and control group when variables did not reach normal distribution.

Results: In MCI patients there was found a statistically significant decrease in overall RNFL thickness (Mann-Whitney test,
p: 0.009) and temporal RNFL thickness (T-test, p: 0.013) and increased macular GCC FVL% (Mann-Whitney test, p: 0.001)
compared to the controls. There was found no significant correlation between retinal thickness and cognitive decline in MCI
patients.

Conclusion: Our study showed decreased inner retinal thickness in MCI patients. The potential use of inner retina thickness
as a reliable biomarker in early diagnosis needs to be further explored in longitudinal studies with large cohorts.

Keywords: Cognitive impairment; Optical coherence tomography; Retinal structural changes; Mini mental state examination;
Ganglion cells

INTRODUCTION Mild Cognitive Impairment (MCI) is considered a prodromal
stage of AD and presents a transitional stage between expected
age-related cognitive decline and AD dementia [11-15]. MCI
is categorized into amnestic and non-amnestic subtypes [16].
Amnestic MCI, where episodic memory is impaired without
impairment of executive function, language or other domains, is
most likely to progress into AD [17-21].

Alzheimer’s disease (AD) is the most common agerelated
dementia and is characterized by the accumulation of amyloid-I
protein (AB) plaques and aggregates of hyperphosphorylated tau
as neurofibrillary tangles in the brain [1]. These neuropathological
changes develop many years before the onset of dementia [2].

It has been recognized that patients with early AD experience
Current diagnostic modalities for AD are presented by magnetic

abnormalities in visual acuity [3,4], contrast sensitivity [5], color ST ' >
resonance imaging (MRI) or positron emission tomography

perception [6], visual field [7,8], and motion perception [9,10].
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(PET), cerebrospinal fluid biomarkers, genetic markers, serum
amyloid [22] and neuropsychological evaluation which is the
“gold standard” for pre-mortem diagnosis of AD [23]. However,
these modalities are invasive, expensive and time consuming.

Retina and brain have common embryological origin and share
many tissue similarities. The link between these two central
nervous system tissues poses the question of whether the retina
may represent the brain in healthy and neurodegenerative
conditions. Indeed, structural changes in brain due to AD could
be reflected in the retina [24]. The retina is easily accessible
through high-resolution optical imaging. Optical Coherence
Tomography (OCT) is a noninvasive, non-contact and patient
friendly way to view in vivo the retina of patients. OCT provides
high resolution two-dimensional cross-sectional imaging and
three-dimensional volumetric measurements of the retina. OCT
is used to evaluate a variety of ophthalmic conditions, such as
glaucoma and various retinal diseases and is able to measure the
thickness of individual retinal layers including Retinal Nerve Fiber
Layer (RNFL) and Ganglion Cell-Inner Plexiform Layer (GCIPL).
Ganglion cell layer contains ganglion cell somata and inner
plexiform layer contains ganglion cell dendrites. Retinal Nerve
Fiber Layer (RNFL) consists of the axons of the retinal ganglion
cells, which together form the optic nerve and the anterior visual
pathways [25]. Deviation from the age-matched normal range of
the thickness of these layers, is a biomarker for neurodegenerative
disease such us multiple sclerosis [26,27]. Parkinson’s disease [28]
and amyotrophic lateral sclerosis [29].

The results of previous OCT studies on retinal thickness in
MCI patients are inconsistent. Various studies revealed retinal
thinning, other found retinal thickening and other did not find
any significant difference in thickness between MCI patients and
controls. Possible explanations of these variable results may be
the variability in exclusion criteria, the variability in evaluating
the cognitive function, the variability in rigor of adjustment of
confounders and finally the presence of gliosis (hypertrophy and
proliferation of astrocytes and other glial cells) in inner retinal
layers in MCI patients which probably precedes the final stage
of thinning and makes inner retinal layers appear thicker than
normal. There is also disagreement in correlation between retinal
thickness and cognitive decline.

In this study, we measured peripapillary RNFL thickness, macular
thickness and volume, macular Ganglion Cell Complex (mGCC)
thickness, Ganglion Cell Complex (GCC) Global Volume Loss
(%) and Ganglion Cell Complex (GCC) Focal Volume Loss (%)
in the macula and we sought to correlate these retinal findings
with cognitive decline using MMSE.

MATERIALS AND METHODS

Using high resolution Spectral Domain OCT (RTVue-100,
Optovue) which acquires 26,000 axial scans (a-scans) per second
and has a 5-um depth resolution in tissue we sought to assess
peripapillary Retinal Nerve Fiber Layer (RNFL) thickness,
macular thickness and volume in all macular regions as defined
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by the Early Treatment Diabetic Retinopathy Study (ETDRS) [30]
and macular Ganglion Cell Complex (mnGCC was defined as the
combination of nerve fiber, ganglion cell, and inner plexiform
layers) thickness in MCI patients, and to correlate these findings
with cognitive decline. We sought to find out if inner retinal
thickness measured with OCT in MCI patients can be used as a
reliable biomarker for MCI diagnosis.

Parameters measured in RNFL protocol scan are peripapillary
RNFL overall thickness (um), superior hemisphere peripapillary
RNFL thickness (um), inferior hemisphere peripapillary RNFL
thickness (um), temporal, superior, nasal and inferior quadrant
peripapillary RNFL thickness (um). Parameters measured in
macular protocol scan are fovea, parafovea (superior and inferior
hemisphere, temporal, superior, nasal and inferior quadrants),
perifovea (superior and inferior hemisphere, temporal, superior,
nasal and inferior quadrants) thickness (um) and volume (mm?).
Parameters measured in mGCC scan are average, superior
and inferior GCC thickness (um), macular GCC focal volume
loss percentage (FVL%), and macular GCC global volume
loss percentage (GVL%). FVL% measures the amount of focal
(isolated) loss over the entire GCC map while GLV% measures
the average amount of GCC loss over the entire GCC map. FLV%
shows isolated depressions or “potholes” on GCC thickness map
while GVL% shows the extent of overall uniform depression on
the GCC thickness map. FLV9% will best detect localized ganglion
cell loss and GVL% will best detect diffuse ganglion cell loss in
the macula.

During OCT scanning, the examination eye was constantly fixed
on an internal target provided by the equipment. An average of
3 consecutive measurements of RNFL thickness,macular scan
parameters and GCC scan parameters were effectuated.

Cognitive impairment level is assessed by MMSE (Mini Mental
State Examination) [31], FRSSD (Functional Rating Scale for
Symptoms of Dementia), and GDS (Geriatric Depression Scale).
Patients were diagnosed with MCI according to the criteria
described in the Diagnostic and Statistical Manual of Mental
Disorders (DSM-III) (American Psychiatric Association).

In the study were enrolled 59 eyes of 31 MCI patients (mean
age 64.08 = 8.8 years) and 20 eyes of 10 age-matched controls
(mean age 60.1 + 4 years). The general inclusion criteria for MCI
patients and controls were no evidence of vascular dementia, no
dismetabolic diseases, no psychiatric disorders, no psychotropic
therapy, no other neurological diseases, no arterial hypertension,
no history of alcohol abuse and no heart disease or other serious
chronic conditions.

A complete ophthalmic examination including best-corrected
distance visual acuity, intraocular pressure (IOP) measured by
Goldmann applanation tonometer, and pupil-dilated slit-lamp
fundus biomicroscopy was performed in both eyes. Ocular
inclusion criteria were best corrected visual acuity >8/10 with
refractive error between * 3 sph, intraocular pressure <18 mmHg,
absence of glaucoma, retinal detachment, previous history
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of optic media opacity, cataract or early lens opacity, retinal
vascular diseases, early age-related macular degeneration or other
maculopathies and optic neuropathy.

RESULTS

In MCI patients was found a statistically significant decrease
in overall RNFL thickness (Mann-Whitney test, p: 0.009) and
temporal RNFL thickness (T-test, p: 0.013) and increased macular
GCC Focal Volume Loss (FVL%) (Mann-Whitney test, p: 0.001)
compared to the control group and there was found a significant
difference of MMSE score between MCI patients and controls
(Mann-Whitney test, p:0.001)(Tables 1-4 and Figures 1-4).
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There was also found a significant positive correlation between
macular inner superior, inner nasal, inner inferior and inner
temporal quadrant thickness, outer superior and outer temporal
quadrant thickness(um), parafoveal temporal, superior, nasal and
inferior quadrant volume (mm?), perifoveal temporal and superior
quadrantvolume (mm?), RNFL temporal quadrant thickness(um),
GCC average thickness(um), GCC superior thickness(um) and
GCC Global Volume Loss (GVL%) and level of MMSE score in
control group (Spearman’s tho). In MCI patients there was not
found a correlation between retinal thickness and volume and
level of MMSE score (Spearman’s tho) (Supplementray Table 1).

Table 1: RNFL overall thickness of patients group compared to control group.

Cases
Patient Valid Missing Total
N Percent N Percent N Percent
RNFL over all Patient 60 100% 0 0% 60 100%
Control group 20 100% 0 0% 20 100%
Descriptives
Patient Stastic Std. Error
RNFL over all Patient Mean 101 1.321273
iif:/:vz??(id&r;i upper bound 98.09406
lower bound 103.3818
S%JZ‘?“‘ 101.3322
Median 99.8335
Variance 104.746
Std. Deviation 10.23454
Minimum 62.333
Maximum 120.67
Range 58.337
Inteijrulgétrﬂe 8.883
Skewness -1.214 0.309
Kurtosis 4.845 0.608
Control group Mean 107.0817 1.06889
iif:/:vz??(id&r;i upper bound 104.8444
lower bound 109.3189
% trimmed 106.85
Median 107
Variance 22.851
Std. Deviation 4.78022
Minimum 99
Maximum 119.333
Range 20.333
Inteijrulgétrile 6.125
Skewness 0.633 0.512
Kurtosis 1.096 0.992
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Tests of normality

Kolmogorov-Smirnov® Shapiro-Wilk
Patient
statistic df sig. stastistic df sig.
RNFL over all Patient 0.16 60 0.001 0.869 60 0
Control group 0.15 20 0.002* 0.956 20 0.463
Npar tests Mann-Whitney test
Ranks
Patient N Mean rank Sum of ranks
RNFL overall Patient 60 35.53 2132
Control group 20 55.4 1108
Total 80
Test stastics®
RNFL overall
Mann-Whitney U 302
Wilcoxin W 2132
Z -3.312
Asymp. Sig.(2-tailed) 0.001

Significance: *:This is a lower bound of the true significance; a: Lilliefors significance correction; a: Grouping variable: Patient

Table 2: RNFL temporal thickness of patients group compared to control group.

Cases
Patient Valid Missing Total
N Percent N Percent N Percent
RNFL temporal Patient 60 100% 0 0% 60 100%
Control group 20 100% 0 0% 20 100%
Descriptives
Patient Stastic Std. Error
RNFL temporal Patient Mean 74.1129 1.321273
iif:fvz(l)gid]\ilij‘; upper bound 71.17404
lower bound 71.05176
> %I\t/;f::ed 73.90324
Median 73.167
Variance 129.425
Std. Deviation 11.37651
Minimum 43.667
Maximum 105.333
Range 61.666
Inte;g;l;trile 135
Skewness 0.395 0.309
Kurtosis 0.915 0.608
Control group Mean 82.14335 1.793041
lower bound 85.89623
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5% trimmed

Mean 82.25928
Median 80.1335
Variance 64.3
Std. Deviation 8.018721
Minimum 65.6
Maximum 96.6
Range 31
Interquartrile 14325
Range
Skewness 0.14 0.512
Kurtosis 451 0.992
Tests of normality
Kolmogorov-Smirnova Shapiro-Wilk
Patient
statistic df sig. stastistic df sig.
RNFL temporal Patient 0.91 60 0.2* 0.971 60 0.156
Control group 0.168 20 0.142 0.942 20 0.264
Npar tests Mann-Whitney test
Ranks
Patient N Mean rank Sum of ranks
RNFL temporal Patient 60 35.63 2137.5
Control group 20 55.13 1102.5
Total 80
Test stasticsa
RNFL overall
Mann-Whitney U 307
Wilcoxin W 21325
YA -3.25
Asymp. Sig.(2-tailed) 0.001
Significance: *:This is a lower bound of the true significance; a: Lilliefors significance correction; a: Grouping variable: Patient
Table 3: Macular GCC FVL% of patient group compared to control group.
Cases
Patient Valid Missing Total
N Percent N Percent N Percent
GCC FVL% Patient 60 100% 0 0% 60 100%
Control group 20 100% 0 0% 20 100%
Descriptives
Patient Stastic Std. Error
GCC FVL% Patient Mean 0.93128 0.151708
iif:f)v:?lfl(id&r;zen upper bound 0.62712
lower bound 1.23485
% rimmed 0.77452
Median 0.587
Variance 1.381
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Std. Deviation 1.175126
Minimum 0.003
Maximum 8.271
Range 8.274
Inteizcllrljzztrile 0.93
Skewness 4.441 0.309
Kurtosis 25979 0.608
Control group Mean 0.20295 0.030759
S prtant o137
lower bound 0.26733
% trimmed 0.19628
Median 0.1815
Variance 0.019
Std. Deviation 0.137557
Minimum 0.027
Maximum 0.499
Range 0.472
Inte};jl;zretrile 0178
Skewness 0.771 0.512
Kurtosis 0.391 0.992
Tests of normality
Patient Kolmogorov-Smirnov® Shapiro-Wilk
statistic df sig. stastistic df sig.
GCC FVL% Patient 0.215 60 0 0.587 60 0
Control group 0.132 20 0.200* 0.916 20 0.082
Npar tests Mann-Whitney test
Ranks
Patient N Mean rank Sum of ranks
GCC FVL% Patient 60 415 2850
Control group 20 19.5 390
Total 80
Test stastics®
GCC FVL%
Mann-Whitney U 180
Wilcoxin W 390
Z -4.667
Asymp. Sig.(2-tailed) 0

Significance: *:This is a lower bound of the true significance; a: Lilliefors significance correction; a: Grouping variable: Patient
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Table 4: MMSE of patient group compared to control group.
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Cases
Patient Valid Missing Total
N Percent N Percent N Percent
MMSE Patient 60 100% 0 0% 60 100%
Control group 20 100% 0 0% 20 100%
Descriptives
Patient Stastic Std. Error
MMSE Patient Mean 213 0.225
o )
et for Mogn UPPerbound 2175
lower bound 26.85
o o
oo trmmed 2137
Median 28
Variance 3.027
Std. Deviation 1.74
Minimum 23
Maximum 30
Range 7
Interquartrile 3
range
Skewness -0.68 0.309
Kurtosis 0.218 0.608
Control group Mean 29.65 0.109
et for Mg UPPerbound 202
lower bound 29.88
% trimm
> A’ﬁ;an ed 29.67
Median 30
Variance 0.239
Std. Deviation 0.489
Minimum 29
Maximum 30
Range 1
Interquartrile 1
range
Skewness -0.681 0.512
Kurtosis 0.1719 0.992
Tests of normality
Patient Kolmogorov-Smirnova Total
statistic df sig. stastistic df sig.
MMSE Patient 0.19 60 0 0.918 60 0.001
Control group 0.413 20 0 0.608 20 0
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Npar tests Mann-Whitney test

Ranks
Patient N Mean rank Sum of ranks
MMSE Patient 60 31.99 1919.5
Control group 20 66.03 1320.5
Total 80
Test stastics®
MMSE
Mann-Whitney U 89.5
Wilcoxin W 1919.5
7 -5.78
Asymp. Sig.(2-tailed) 0

Significance: a: Lilliefors significance correction; a: Grouping variable: Patient

130000
40
120 D00 Q
110 000 ’——L‘
g - L
@ 100 po0—
>
-]
z
= 30,000
14
80,000
70,000
43
*
*
50,000 44
T T
Patient Control Group

Patient

Figure 1: There is statistically significant difference of RNFL overall
thickness between MCI patients and controls. MCI patients present
decreased median compared to controls, p: 0.001.
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Figure 2: There is statistically significant difference of RNFL temporal
thickness between MCI patients and controls. MCI patients present
decreased median compared to controls, p: 0.0013.
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Figure 3: There is statistically significant difference of Ganglion Cell Focal
Volume Loss% (GCC FVL%) between MCI patients and controls. MCI
patients present increased GCC FVL% compared to controls, p: 0.001.
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Figure 4: There is statistically significant difference of MMSE score between
MCI patients and controls. MCI patients present decreased MMSE score
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Statistical analysis

A database was created with the use of the Statistical Program for
Social Sciences (SPSS® ver12). Descriptive Statistics were utilized
to find means, medians, standard deviations and interquantile
ranges. Statistical significance was set to 95%. Independent t-tests
were used to compare means between patients and control group
when variables reached normal distribution. Mann-Whitney U
test was used to compare medians between patients and control
group when variables did not reach normal distribution.

DISCUSSION

Recent research reflects an increased effort to identify visual
biomarkers that can be used to diagnose MCI patients early in
the disease process and then to follow up the disease process.

J Clin Exp Ophthalmol, Vol.12 Iss.4 No:1000882

OCT studies have focused on RNFL and GCIPL (defined as
the sum of ganglion cell and inner plexiform layers) thickness
measurement in order to find a reliable visual biomarker for early

MCI diagnosis.

Variable studies showed statistically significant decrease of
peripapillary RNFL and macular GCIPL thickness in MCI
patients compared to controls. However there are some studies
which found no statistically significant difference in the thickness
of RNFL and GCIPL between MCI patients and controls. Lad
et al. [32] demonstrated that regional thicknesses of RNFL or
GCIPL on macular or nerve OCT did not differ between MCI
and controls. They identified areas of thickening of GCIPL and
RNFL in the macula adjacent to areas of thinning suggesting that
RNFL and GCIPL may undergo dynamic changes during AD
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progression. The retinal thickening in MCl was attributed to gliosis
(and transient thickening) preceding neuronal loss and atrophy of
the axonal projections in the RNFL (33). Knoll et al. [33] found
no significant difference in RNFL and macular thickness between
MCI and controls. They also reported an inverse relationship
between cognitive testing and RNFL thickness suggesting
that retinal involvement may include paradoxically increased
thickness of the RNFL probably due to gliotic reactive changes.
In support of this hypothesis, histopathology studies suggest
that gliosis precedes human AD pathology in the brain [34,35].
Kwon et al. [36] found that average RNFL thickness was slightly
increased in the MCI group compared to the healthy cohort.
Snyder et al. [37] reported an increase of Inner Plexiform Layer
(IPL) volume in MCI patients and this increase could be a result
of beta-amyloid protein (AB) deposition occupying space within
IPL. Furthermore, Ascaso et al. [38] showed that MCI patients
had the greatest macular volume, followed by controls and then
AD patients. Ferrari et al. [39] demonstrated a significant global
RNFL thinning in moderate AD but not in mild AD patients as
compared to controls suggesting that thinning of the RNFL may
not occur until the severe stages of AD. Pillai et al. [40] also found
no difference in RNFL thickness, GCIPL thickness and macular
volume in MCI patients compared to controls. Shen et al. [41]
did not find significant differences in RNFL thickness between
MCI and cognitively normal controls. Jiang et al. [42] studying
the macular microvascular network in MCI patients found lower
density in deep vascular plexus in the superior nasal quadrant but
found no significant differences of macular thickness between
MCI and controls. Gilbert et al. [43] found reduced retinal blood
speed and flow in MCI patients compared to normals but did not
find significant difference in RNFL thickness in these groups.
One hypothesis about increased thickness of inner retinal layers
in MCI patients is gliosis and subsequent thickening followed in
later stages by thinning [32]. Another hypothesis about increased
thickness is that neuronal ischemia and swelling of ganglion cells
would lead to hypertrophy and subsequent apoptosis [44].

On the contrary, other studies found decreased RNFL thickness
in MCI patients. A number of clinical studies [45-52] have
demonstrated quadrantspecific retinal RNFL abnormalities
in MCI patients. However, the region of the RNFL affected
varies substantially between these studies. Our study showed a
statistically significant decrease in overall RNFL peripapillary
thickness (Mann-Whitney test, p: 0.009) and a statistically
significant decrease in temporal RNFL thickness (T-test, p:
0.013). Wu et al. [45] and Gao et al. [46] also have found decrease
in temporal RNFL thickness. Ascaso et al. [38] have found
thinning of RNFL in all quadrants surrounding the optic nerve
except nasal, Coppola et al. [47] have found RNFL thinning in
all quadrants except superior, Liou et al. [48] have found RNFL
thinning in the superior quadrant and Kesler et al. [49] have

found RNFL thinning in the inferior quadrant of the optic nerve
head.

Besides decreased RNFL thickness, many studies [53-55] found
decreased macular volume and thickness in MCI patients. Our

J Clin Exp Ophthalmol, Vol.12 Iss.4 No:1000882
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study showed a statistically significant increased macular Ganglion
Cell Complex Focal Volume Loss (FVL%)(Mann-Whitney test,
p: 0.001) compared to the control group. As mentioned above,
FVL% measures the amount of focal (isolated) loss over the entire
GCC map while GLV% measures the average amount of GCC
loss over the entire GCC map. FLV% assesses and quantifies the
localized depressions while GLV% assesses and quantifies the
general depressions in the thickness GCC map. Eraslan et al. [56]
studying AD patients found increased GVL% in the macula. We
found increased FVL% in MCI patients. Probably, initially the
loss of ganglion cells in MCI patients is isolated and as result we
observe increase in FVL% and after, when dementia progresses,
the loss of ganglion cells becomes diffuse and the depression
of macular thickness map is not focal anymore but general and
consequently increased GVL% is observed.

Cheung et al. [55] found significantly reduced GCIPL thickness
in MCI compared to controls probably due to loss of thickness in
ganglion cell layer (GCL). More than half of the retinal ganglion
cells are located in the macula within the Ganglion Cell Layer
(GCL). The body of a retinal ganglion cell ranges from 10 to
20 times the diameter of its axons [57]. Consequently, loss of
macular ganglion cells is more pronounced than RNFL loss. For
this reason Cheung et al. support that GCIPL neuronal loss is
more strongly related to MCI, compared to RNFL axonal loss,
suggesting that GCIPL thickness is a more sensitive marker than
RNFL thickness for assessing neurodegenerative pathology in
MCI and can discriminate better between MCI and controls than
RNFL thickness can do. Choi et al. found that reduced temporal
RNFL thickness and reduced macular GCIPL thickness as well
as reduced macular cube thickness and volume at baseline could
predict the disease progression from MCI to AD over a 2 year
follow up period. They also conclude that GCIPL parameters
seem to be more predictive of the conversion to AD dementia
from MCI compared to RNFL parameters.

Our study did not find any correlation between RNFL thickness,
macular thickness and volume, mGCC thickness, FVL% or
GVL% with cognitive function in MCI patients. Similary, Gao
et al. did not establish any correlation between MMSE scores
and any OCT parameter in MCI patients as well. Knoll et al.
reported an inverse relationship between cognitive testing and
RNFL thickness suggesting that retinal involvement may include
paradoxically increased thickness of the RNFL. By contrast Choi
et al. reported that reduced GCIPL thickness was associated
with memory decline in MCI patients. Domingo et al. found
that in MCI patients the reduction of macular thickness is
more severe as the cognitive impairment worsens. Octem et
al. [51] found siginficant correlation between RNFL thickness
and cognitive function in MCI patients. Shen et al. setting out
a prospective clinical investigation to determine the potential
association between the attenuation of RNFL thickness and the
deterioration of cognitive function over a period of 25 months
found that less reduction in the inferior quadrant of RNFL
thickness might indicate a higher risk for the patients to develop
cognitive deterioration.

10
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Other than retinal structural changes Bulut et al. [58] observed
with OCT reduced macular choroidal thickness in MCI patients
and identified a positive correlation between thickness and
cognitive score.

Questions about why does the retina reflect brain pathology in
AD patients still remain. Considering the common embryological
origin of the retina and the brain one possibility is that the retina
is vulnerable to the same neuroinflammatory injury that causes
neurodegenerative disease in the brain. Another possibility is
that the brain damage and dysfunction in AD may lead to nerve
loss in the retina [59-61].

The major limitations of this study include the relatively small
number of subjects involved and the lack of follow-up in order to
visualize within-subjects changes in retinal biomarkers associated
with disease progression.

Based on available literature OCT cannot yet be applied as a
diagnostic biomarker for AD in clinical practice [62]. It has long
been recognized that glaucoma, a chronic neurodegenerative
disease, causes RNFL thinning. Prevalence of glaucoma in AD
patients is increased (25.9%) compared to the normal population
(1-5.2%) [63-65). RNFL thickness and macular thickness are
significantly decreased in AD patients compared to controls,
however, glaucoma, a potential confounder in AD patients,
possibly overestimated the effect of AD on retinal thickness
described in previous studies [62]. OCT measurements in AD
patients with and without glaucoma would inform us about the
real grade of retinal thickness loss caused by dementia. Also, the
pattern of RNFL and GCIPL thickness as the disease progresses
has not been determined yet.

CONCLUSION

Future longitudinal follow up studies on RNFL and GGIPL
thickness measurement of the same individual as the disease
progresses could give new insight in OCT measurements as
biomarker of neurodegeneration. Segmentation of individual
retinal layers and correlation of OCT measurements with other
biomarkers of neuronal injury could be very useful. Ocular
biomarkers could be a useful screening tool to distinguish
individuals at risk for developing AD and identify candidates for
secondary prevention trials designed to intervene earlier in the
disease progression by slowing the aggregation of AP in the brain.

REFERENCES
1. Querfurth HW, LaFerla FM. Alzheimer’s disease. New England ]
Med. 2010;362(4):329-44.

2. Choi SH, Park SJ, Kim NR. Macular Ganglion cell-inner plexiform
layer thickness is associated with clinical progression in mild cognitive

impairment and alzheimers disease. PLoS One. 2016;6(11):9.

3. Cogan DG. Visual disturbances with focal progressive dementing

disease. Am ] Ophthalmol. 1985;100(1):68-72.

4. Uhlmann RF, Larson EB, Koepsell TD, Rees TS, Duckert LG. Visual
impairment and cognitive dysfunction in Alzheimer’s disease. ] Gen

Intern Med. 1991;6(2):126-32.

J Clin Exp Ophthalmol, Vol.12 Iss.4 No:1000882

OPEN aACCESS Freely available online

5. Cronin-Golomb A, Corkin S, Rizzo JF, Cohen J, Growdon JH, Banks
KS. Visual dysfunction in Alzheimer’s disease: Relation to normal

aging. Ann Neurol. 1991;29(1):41-52.
6. Pache M, Smeets CH, Gasio PF, Savaskan E, Flammer ], Wirz-Justice

A, et al. Colour vision deficiencies in Alzheimer’s disease. Age

Ageing. 2003;32(4):422-426.

7. 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.

8. Whittaker KW, Burdon MA, Shah P. Visual field loss and Alzheimer’s
disease. Eye (Lond). 2002;16(2):206-208.

9. Gilmore GC, Wenk HE, Naylor LA, Koss E. Motion perception and
Alzheimer’s disease. ] Gerontol. 1994;49(2):52-57.

10.Mielke R, Kessler ], Fink G, Herholz K, Heiss WD. Dysfunction of
visual cortex contributes to disturbed processing of visual information

in Alzheimer’s disease. Int j neurosci. 1995;82(1-2):1-9.
11. Petersen RC, Smith GE, Waring SC, Ivnik R], Tangalos EG, Kokmen

E. Mild cognitive impairment: clinical characterization and outcome.

Arch Neurol. 1999;56:303-308.

12.Kelley BJ, Petersen RC. Alzheimer’s disease and mild cognitive
impairment. Neurol Clin. 2007;25:577-609.

13.Levey A, Lah ], Goldstein F, Steenland K, Bliwise D. Mild cognitive
impairment: An opportunity to identify patients at high risk for
progression to Alzheimer’s disease. Clin Ther. 2006;28:991-1001.

14.Werner P, Korczyn AD. Mild cognitive impairment: Conceptual,
assessment, ethical, and social issues. Clin Interv Aging. 2008;3:413-
420.

15.Petersen RC, Stevens JC, Ganguli M, Tangalos EG, Cummings
JL, DeKosky ST. Practice parameter: early detection of dementia:
Mild cognitive impairment (an evidence-based review). Report of
the Quality Standards Subcommittee of the American Academy of
Neurology. Neurology. 2001;56:1133-1142.

16.Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV, et
al. Current concepts in mild cognitive impairment. Arch neurology.

2001;58(12):1985-92.
17. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund

LO, et al. Mild cognitive impairment: Beyond controversies, towards
a consensus: Report of the International Working Group on Mild
Cognitive Impairment. ] Intern Med. 2004;256:240-246.

18.Petersen RC, Roberts RO, Knopman DS, Boeve BF,Geda YE, Ivnik
R] et al. Mild cognitive impairment: Ten years later. Arch Neurol.

2009;66:1447-1455.

19.Morris JC, Cummings J. Mild cognitive impairment (MCI) represents
early-stage Alzheimer’s disease. ] Alzheimers Dis. 2005;7:235-239.

20.Markesbery WR, Schmitt FA, Kryscio R], Davis DG, Smith
CD, Wekstein DR. Neuropathologic substrate of mild cognitive
impairment. Arch Neurol. 2006;63:38-46.

21.Tkram MK, Cheung CY, Wong TY, Chen CP. Retinal pathology
as biomarker for cognitive impairment and Alzheimer’s disease. ]
Neurol Neurosurg Psychiatry. 2012;83:917-922.

22.Grossman I, Lutz MW, Crenshaw DG, Saunders AM, Burns DK,
Roses AD. Alzheimer’s disease: Diagnostics, prognostics and the road

to prevention. EPMA J. 2010;1(2):293-303.

11


https://dx.doi.org/10.1056/nejmra0909142
https://doi.org/10.1371/journal.pone.0162202
https://dx.doi.org/10.1007/BF02598307
https://dx.doi.org/10.1002/ana.410290110
https://dx.doi.org/10.1093/ageing/32.4.422
https://dx.doi.org/10.1212/wnl.45.1.68
https://dx.doi.org/10.1212/wnl.45.1.68
https://dx.doi.org/10.1093/geronj/49.2.p52
https://doi.org/10.3109/00207459508994285
https://dx.doi.org/10.1001/archneur.56.3.303
https://dx.doi.org/10.1016/j.clinthera.2006.07.006
https://doi.org/10.1212/WNL.56.9.1133
https://dx.doi.org/10.1111/j.1365-2796.2004.01380.x
https://dx.doi.org/10.1001/archneur.58.3.397
https://dx.doi.org/10.1136/jnnp-2011-301628
https://dx.doi.org/10.1136/jnnp-2011-301628

Tordanis D, et al.

23.Thal L], Kantarci K, Reiman EM, Klunk WE, Weiner MW/, Zetterberg
H, et al. The role of biomarkers in clinical trials for Alzheimer disease.

Alzheimer Dis Assoc Disord. 2006;20(1):6-15.
24.Hart NJ, Koronyo Y, Black KL, Koronyo-Hamaoui M. Ocular

indicators of Alzheimer’s: Exploring disease in the retina. Acta

Neuropathol (2016) 132:767-87.

25.Galetta KM, Calabresi PA, Frohman EM, Balcer LJ. Optical
coherence tomography (OCT): Imaging the visual pathway as a
model for neurodegeneration. Neurotherapeutics. 2011;8:117-132.

26.Martinez-Lapiscina EH, Arnow S, Wilson JA, Saidha S, Preiningerova
JL, Oberwahrenbrock T, et al. Retinal thickness measured with
optical coherence tomography and risk of disability worsening in
multiple sclerosis: a cohort study. Lancet Neurol. 2016;15(6):574-84.

27.Petzold A, Balcer LJ, Calabresi PA, Costello F, Frohman TC,
Frohman EM, et al. Retinal layer segmentation in multiple sclerosis: A
systematic review and meta-analysis. Lancet Neurol. 2017;16(10):797-
812.

28.Hajee ME, March WF, Lazzaro DR, Wolintz AH, hrier EM, Glazman
S, et al. Inner retinal layer thinning in Parkinson disease. Arch

Ophthalmol. 2009;127:737-741.
29.Simonett JM, Huang R, Siddique N, Farsiu S, Siddique T, Volpe NJ,

et al. Macular sub-layer thinning and association with pulmonary
function tests in Amyotrophic Lateral Sclerosis. Scientific Rep.

201656:29187.

30.Grading diabetic retinopathy from stereoscopic color fundus
photographs—an extension of the modified Airlie House classification.
ETDRS report number 10. Early Treatment Diabetic Retinopathy
Study Research Group. Ophthalmology. 1991;98(S5):786-806.

31. Folstein MF, Folstein SE, McHugh PR. Mini Mental State: A practical
method for grading the cognitive state of patients for the clinician. ]

Psychiatr Res. 1975;12:189-198.
32.Eleonora ML, Dibyentu M, Sandra SS, Scott WC, Guy GP, James

RB, et al. Evaluation of inner retina layers as biomarkers in mild
cognitive impairment to moderate Alzheimer’s disease. PLoS One.

2018; 13(2).
33.Knoll B, Simonett J, Volpe NJ, Farsiu S, Ward M, Rademaker A,

et al. Retinal nerve fiber layer thickness in amnestic mild cognitive
impairment: Case-control study and meta-analysis. Alzheimer’s &

Dementia: Diagnosis, Assessment & Disease Monitoring. 2016;4:85-
93.

34 Mandybur TI. Cerebral amyloid angiopathy and astrocytic gliosis in
Alzheimer’s disease. Acta neuropathologica. 1989;78(3):329-31.

35.Bates KA, Fonte ], Robertson TA, Martins RN, Harvey AR. Chronic
gliosis triggers Alzheimer’s diseaselike processing of amyloid
precursor protein. Neuroscience. 2002;113(4):785-96.

36.Kwon JY, Yong JH, Han ]S, Kim DG. Analysis of the Retinal Nerve
Fiber Layer thickness in Alzheimer’s disease and mild cognitive

impairment. Korean ] Ophthal. 2017; 31(6): 548-556.
37.Snyder PJ, Johnson LN, Lim YY, Santos CY, Alber ], Maruff P.

Nonvascular retinal imaging markers of preclinical Alzheimer’s

disease. Alzheimers Dement (Amst) 2016;4:169-178.

38.Ascaso FJ, Cruz N, Modrego PJ, LopezzAnton R, Antabarbara ],
Pascual LF, et al. Retinal alterations in mild cognitive impairment
and Alzheimer’s disease: an optical coherence tomography study. J

Neurol. 2014;261:1522-1530.

J Clin Exp Ophthalmol, Vol.12 Iss.4 No:1000882

OPEN aACCESS Freely available online

39.Ferrari L, Huang SC, Magnani G, Ambrosi A, Comi G, Leocani L.
Optical Coherence Tomography reveals retinal neuroaxonal thinning
in frontotemporal dementia as in Alzheimer’s disease. ] Alzh dis.

2017;56(3):1101-7.
40.Pillai JA, Bermel R, Bonner-Jackson A, Rae-Grant A, Fernandez H,

Bena J, et al. Retinal nerve fiber layer thinning in Alzheimer’s disease:
A case-control study in comparison to normal aging, parkinson’s
disease, and non-alzheimer’s dementia. Am ] Alzheimers dis Other

Demen. 2016;31(5) 430-6.
41.Shen Y, Liu L, Cheng Y, Feng W, Shi Z, Zhu Y, et al. Retinal nerve

fiber layer thickness is associated with episodic memory deficit in
mild cognitive impairment patients. Curr Alzheimer Res. 2014;

11(3):259-66.
42.Jiang H, Wei Y, Shi Y, Wright CB, Sun X, Gregori G, et al. Altered

Macular Microvasculature in mild cognitive impairment and

Alzheimer’s disease. ] Neuroophthalol. 2018;38(3):292-298.
43.Gilbert TF, Bradley TH, Robert AS, Pasqualead LR. Retinal

blood flow in mild cognitive impairment and Alzheimer’s disease.
Alzheimers Dement (Amst). 2015; 1(2): 144-151.

44 Reichenbach A, Wurm A, Pannicke T, landiev I, Wiedemann P,
Bringmann A. Muller cells as players in retinal degeneration and

edema. Graefes Arch Clin Exp Ophthalmol. 2007;245:627-636.
45.Wu Y, Wang XN, Wang N, Han Y, Ma D, Lu Y. Regularity changes

of the retinal nerve fiber layer and macular ganglion cell complex in
patients with the amnestic mild cognitive impairment. Int ] Neurosci.

2018; 22:1-5.

46.Gao L, Liu Y, Li X, Bai Q, Liu P. Abnormal retinal nerve fiber layer
thickness and macula lutea in patients with mild cognitive impairment

and Alzheimer’s disease. Arch Gerontol Geriatr. 2015;60(1):162-7.

47.Gianluca C, Antonio DR, Lucia Z, Francesco M, Antonello F,
Gianluca M, et al. Optical Coherence Tomography in Alzheimer’s
disease: A meta-analysis. PLoS One. 2015; 10(8).

48.Liu D, Zhang L, Li Z, Zhang X, Wu Y, Yang H, et al. Thinner
changes of the retinal nerve fiber layer in patients with mild cognitive

impairment and Alzheimer’s disease. BMC Neurol. 2015;15:14.
49.Kesler A, Vakhapova V, Korczyn AD, Naftaliev E, Neudorfer M.

Retinal thickness in patients with mild cognitive impairment and

Alzheimer’s disease. Clin Neurol Neurosurg. 2011;113(7):523-6.

50.Gimenez-Castejon D, GomezGallego M, MartinezMartinez ML,
Dudekova M, Lajara-Blesa J. How far reaches earliness of optical
coherence tomography in cognitive impairment. Rev Neurol.

2016;63(1):5-10.
51. Oktem EO, Derle E, Kibaroglu S, Oktem C, Akkoyun I, Can U. The

relationship between the degree of cognitive impairment and retinal

nerve fiber layer thickness. Neurol Sci. 2015;36(7):1141-6.
52.Paquet C, Boissonnot M, Roger F, Dighiero P, Gil R, Hugon ]J.

Abnormal retinal thickness in patients with mild cognitive impairment

and Alzheimer’s disease. Neurosci Lett. 2007;420(2):97-9.
53.Giménez Castejon D, Dudekova M, Gomez Gallego M, Lajara

Blesa J. Macular thickness in subjective memory complaints
and mild cognitive impairment: A non-invasive biomarker.

Neuroophthalmology. 2016;40(1):16-22.

54.Jiang H, Liu Y, Wei Y, Shi Y, Wright CB, Sun X, et al. Impaired
retinal microcirculation in patients with Alzheimer’s disease. PLoS

One. 2018;13(2):e0192154.

12


https://dx.doi.org/10.1097/01.wad.0000191420.61260.a8
https://dx.doi.org/10.1007/s13311-010-0005-1
https://dx.doi.org/10.1016/S1474-4422(17)30278-8
https://dx.doi.org/10.1038/srep29187
https://dx.doi.org/10.1016/0022-3956(75)90026-6
https://example.com
https://dx.doi.org/10.1016/s0306-4522(02)00230-0
https://dx.doi.org/10.1016/j.dadm.2016.09.001
https://dx.doi.org/10.1007/s00415-014-7374-z
https://dx.doi.org/10.1007/s00415-014-7374-z
https://dx.doi.org/10.2174/1567205011666140131114418
https://doi.org/10.1016/j.dadm.2015.01.004
https://dx.doi.org/10.1080/00207454.2018.1438428
https://dx.doi.org/10.1016/j.archger.2014.10.011
https://dx.doi.org/ 10.1371/journal.pone.0134750
https://dx.doi.org/ 10.1371/journal.pone.0134750
https://dx.doi.org/10.1007/s10072-014-2055-3
https://dx.doi.org/10.1016/j.neulet.2007.02.090

Tordanis D, et al.

55.Cheung CY, Ong YT, Hilal S, Tkram MK, Low S, Ong YL, et al.
Retinal ganglion cell analysis using high-definition optical coherence
tomography in patients with mild cognitive impairment and

Alzheimer’s disease. ] Alzheimers Dis. 2015;45(1):45-56.
56.Eraslan M, Cerman E, Cekic O, Balci S, Dericioglu V, Sahin 0,

et al. Neurodegeneration in ocular and central nervous systems:
optical coherence tomography study in normal-tension glaucoma and

Alzheimer disease. Turk ] Med Sci. 2015;45(5):1106-14.
57.Mwanza JC, Durbin MK, Budenz DL, Sayyad FE, Chang RT,

Neelakantan A, et al. Glaucoma diagnostic accuracy of ganglion cell-
inner plexiform layer thickness: comparison with nerve fiber layer

and optic nerve head. Ophthalmology. 2012;119(6): 1151-8.

58.Bulut M, Yaman A, Erol MK, Kurtulus F, Toslak D, Dogan B, et
al. Response to: Comment on “Choroidal Thickness in patients
with mild cognitive impairment and alzheimer’s type dementia”. ]

Ophthalmol. 2016;2016:2898704.
59.Kilimann I, Grothe M, Heinsen H, Alho EJ, Grinberg L, Amaro E

Jr, et al. Subregional basal forebrain atrophy in Alzheimer’s disease: a

multicenter study. ] Alzheimers Dis. 2014;40(3):687-700.

J Clin Exp Ophthalmol, Vol.12 Iss.4 No:1000882

OPEN aACCESS Freely available online

60.Liu AK, Chang RC, Pearce RK, Gentleman SM. Nucleus basalis of
Meynert revisited: anatomy, history and differential involvement
in Alzheimer’s and Parkinson’s disease. Acta neuropathologica.

2015;129(4):527-40.

61.Yu AJ, Dayan P. Uncertainty, neuromodulation, and attention.

Neuron. 2005;46(4):681-92.
62.den Haan ], Verbraak FD, Visser PJ, Bouwman FH. Retinal thickness

in Alzheimer’s disease: A systematic review and meta-analysis.

Alzheimers Dement (Amst). 2017;6:162-170.
63.de Voogd S, Tkram MK, Wolfs RC, Jansonius NM, Hofman A, de

Jong PT. Incidence of open-angle glaucoma in a general elderly
population: The rotterdam study. Ophthalmology. 2005;112:1487-
1493.

64.Wolfs RC, Borger PH, Ramrattan RS, Klaver CC, Hulsman CA,
Hofman A. Changing views on open-angle glaucoma: Definitions

and prevalences—The rotterdam study. Invest Ophthalmol Vis Sci.
2000;41:3309-3321.

65.Bayer AU, Ferrari F, Erb C. High occurrence rate of glaucoma among
patients with Alzheimer’s disease. Eur Neurol. 2002;47:165-168.

13


https://dx.doi.org/10.3233/JAD-141659
https://dx.doi.org/10.3906/sag-1406-145
http://dx.doi.org/10.1155/2016/8737082
https://dx.doi.org/10.3233/JAD-132345
https://dx.doi.org/10.1007/s00401-015-1392-5
https://dx.doi.org/10.1007/s00401-015-1392-5
https://dx.doi.org/10.1016/j.ophtha.2005.04.018
https://dx.doi.org/10.1159/000047976



