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Abstract

Original Article

IntRoductIon

Dementia is a clinical situation characterized by progressive 
deterioration in more than one cognitive function as a result 
of central nervous system damage.[1] The impairment in 
cognitive functions affects daily life by decline in memory, 
thinking, orientation, comprehension, calculation, learning 
capacity, language, and judgment.[1] In the population older 
than 65, Alzheimer’s disease (AD) is the most common 
cause of dementia.[2] Definitive diagnosis of AD is based 
on histopathologic hallmarks, including amyloid plaques 
and neurofibrillary tangles in specific neuroanatomical 
distribution.[3] For diagnosis of probable AD, the criteria 
were defined by the American Psychiatric Association.[1] The 
National Institute on Aging–Alzheimer’s Association also 
indicated the importance of biomarkers for diagnosis.[4]

Visual impairments in a broad range were reported previously in 
AD. Pathologies in visual system described in previous studies 
include difficulty in maintaining fixation,[5,6] deterioration 
in visuospatial function,[6] depth perception,[7] saccadic and 
smooth pursuit eye movements,[8-10] impairment in color 
vision[11] and spatial contrast sensitivity,[11] inferiorly located 
visual field deficits,[12] delayed P2 latency in flash visual 

evoked potential,[13] delayed latency and decreased amplitude 
in pattern electroretinogram.[14] Formerly visual symptoms 
were believed to be associated with histopathological changes 
in cerebral cortex, particularly visual association cortex.[5,15] 
However, postmortem histopathological studies on optic nerve 
and retina of AD patients showed retinal ganglion cell (RGC) 
degeneration (especially M cells).[16-19]

Retinal alterations due to RGC degeneration can also 
be a biomarker for AD diagnosis. Optical coherence 
tomography (OCT) is a noninvasive method for evaluating 
retinal changes. In this study, we aimed to show RGC 
degeneration in vivo in AD patients via OCT.

methods

Subjects
Thirty-five eyes of 21 AD patients and 46 eyes of 25 cognitively 
healthy age-matched controls examined in Ophthalmology 
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Department, Faculty of Medicine, Uludag University between 
December 2011 and May 2015 were enrolled. All AD 
patients were diagnosed by Neurology Department, Faculty 
of Medicine, Uludag University, considering Diagnostic and 
Statistical Manual of Mental Disorders-V criteria.[1] AD patients 
with mild-to-moderate cognitive disorders (mini-mental state 
examination score between 10 and 24) were included in AD 
group. Alzheimer disease patients with severe dementia and 
other causes of dementia (such as cerebrovascular diseases, 
metabolic and psychiatric disorders) were excluded. Controls 
did not have a medical history of neurological disorder, and 
their mini-mental state examination score was above 25. 
Patients with medical history of systemic arterial hypertension 
and diabetes mellitus were excluded in both groups.

All AD patients and controls underwent complete 
ophthalmologic examination including assessment of visual 
acuity, refractive error, intraocular pressure, anterior segment 
biomicroscopy, and dilated fundus examination. All participants 
had a corrected visual acuity of >0.5 with a refractive error 
between ±3 spheric diopters. Eyes with glaucoma, senile 
macular degeneration, retinal vascular diseases, and media 
opacity such as cataract and corneal disorders that prevented 
fundus and OCT examination were excluded.

The research followed the tenets of the Declaration of Helsinki 
and was approved by the Ethics Committee of Uludag 
University.

Optical coherence tomography examination
OCT is a noninvasive method allowing cross-sectional 
imaging of retina. In this study, peripapillary retinal nerve 
fiber layer (RNFL) thickness, macular thickness (MT), and 
macular volume (MV) were assessed in both AD patients and 
controls using Stratus OCT Model 3000 (Carl Zeiss Meditec 
Inc., Dublin, California, USA). For RNFL measurements, 
“fast RNFL thickness (3.4)” scan protocol was used. Three 
circular scan with a 3.4 mm diameter centering optic nerve 
head was used for calculating the average, per quadrant 
(superior, inferior, nasal, and temporal), each clock position 
RNFL thickness in microns (µm) [Figure 1].

MT and MV were measured using “MT map” protocol. This 
protocol consists of six consecutive radial line scans each 
centering on fovea and containing 512 A-scans [Figure 2a]. 
“Retinal thickness/volume tabular analysis” program was used 
for the evaluation of 3072 A-scans (512 × 6). The data verified 
from analysis program were displayed on a map divided into 9 
Early Treatment Diabetic Retinopathy Study (ETDRS) macular 
fields [Figure 2]. This map contained three concentric circles 
with a diameter of 1 mm, 3 mm, and 6 mm, respectively. 
Central 1 mm circle corresponded to foveal region [Figure 2c]. 
Inner and outer rings were divided into four quadrants 
(superior, inferior, nasal, and temporal) forming nine macular 
fields of ETDRS with central circle [Figure 2].

Stratus OCT (Carl Zeiss Meditec Inc., Dublin, California, USA) 
is a conventional time domain OCT. Since it was the only 

accessible OCT device in our ophthalmology department 
till the last months of our study, RNFL, MV, and MT were 
measured in both groups with this device. The RNFL data 
of two patients in AD group could not obtained due to the 
difficulty in maintaining fixation during RNFL measurement.

Spectral domain OCT is the latest technology for retinal 
evaluation. In the recent days of our study, our devices were 
updated, and we had the opportunity to evaluate another 
19 cognitively healthy individuals with both Stratus OCT 
and Spectralis OCT (Heidelberg Engineering, Heidelberg, 
Germany); a spectral-domain OCT. Peripapillary RNFL 
thickness, MT, and MV data of 32 eyes of 19 cognitively 
healthy individuals obtained from both devices were used to 
check up the reliability of conventional time-domain OCT and 
the correlation between the devices.

Statistical analysis
Statistical analysis was performed with SPSS 22.0 
(SPSS Inc., Chicago, IL, USA). Mean, standard deviation, 
median, minimum, maximum, frequency, and ratio values were 
used for descriptive statistics. The differences between AD and 
control group were statistically evaluated with Mann–Whitney 
U-test for nonparametric variables and independent sample 
t-test for normally distributed variables. To assess whether a 
correlation existed between time domain and spectral domain 
OCT Pearson’s correlation test was used. P < 0.05 was 
considered statistically significant.

ResuLts

Thirty-five eyes of 21 AD patients (age 72 ± 11.1 years, 
15 female/6 male) and 46 eyes of 25 cognitively healthy 
age-matched controls (age 72.3 ± 6.5 years, 18 female/7 male) 
were included in the study. There was no statistically significant 
difference in age and gender between groups. Demographic 
datas of AD and control groups are shown in Table 1.

Optical coherence tomography
Peripapillary retinal nerve fiber layer thickness
The average RNFL thickness was thinner in AD 
patients (93.3 ± 15.2 µm) when compared to controls 
(97 ± 12.3 µm) but  not  s ta t is t ical ly  s ignif icant 
(P > 0.05) [Table 2]. The RNFL thickness of AD patients in 
all quadrants was thinner than controls. However, thinning 
of RNFL was not statistically significant in none of the 
quadrants (for all P > 0.05). Peripapillary RNFL thickness 
measurements are shown in Table 2.

Macular thickness and volume
Foveal thickness (233.5 ± 22.8 µm) and volume 
(0.18 ± 0.02 mm3) were significantly higher in AD patients than 
controls (thickness 221 ± 24.8 µm and volume 0.17 ± 0.02 mm3) 
(P = 0.023 and P = 0.024, respectively) [Table 3]. No other 
statistically significant difference was detected between the 
groups when thickness and volume values of other eight 
macular regions were compared (P > 0.05). Volume and 
thickness values of nine regions are shown in Table 3.
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Correlation between time‑domain optical coherence 
tomography and spectral‑domain optical coherence 
tomography
A significant positive correlation was found between Stratus 
OCT (Carl Zeiss Meditec Inc., Dublin, California, USA) and 
Spectralis OCT (Heidelberg Engineering, Heidelberg, Germany) 
for both peripapillary and macular measurements. (P < 0.05). 
Correlations between two devices on peripapillary and macular 
measurements are shown in Table 4.

dIscussIon

In this study, we evaluated peripapillary RNFL thickness, MV, 
and MT in mild-to-moderate AD patients and compared the 
results with age-matched controls. Axons of RGCs are not 
constant with age; there is an age-related loss resulting with 
reduction in RNFL.[20] But in AD patients, there is more than 
age-related changes revealed by postmortem histopathological 
studies as RGC degeneration.[16-19] In our study, the average 
and four quadrant peripapillary RNFL thicknesses were 
reduced in AD patients when compared to controls, but the 
difference between the groups was not significant. The RNFL 
thickness results of previous studies vary.[21-43] Some OCT 
studies found that RNFL thinning was restricted to superior 
quadrant[22,24,31,41] or superior and inferior quadrant.[23,25,30,35,42,43] 
On the other hand, some studies showed significant reduction 

only in average RNFL [25,29,34] or in all quadrants.[21,27,28,32,33,38] 
The variability can be related with the stages of AD patients 
enrolled in the studies and also the smaller sample size of 
the studies. In our study, only mild-to-moderate AD patients 
were included, and average mini-mental test score was 
17.4 ± 3.5 (ranged from 12 to 22). Previous analysis with lower 
mini-mental test scores which means also severe AD patients 
were enrolled, demonstrated reduction in RNFL thickness in all 
quadrants.[21,27,28,32,33,38] However, higher mini-mental test scores 
accompanied reduction only in average and superior quadrant 
RNFL thicknesses.[22,24,31,41] Previous reports also indicated 
primarily peripapillary quadrant affected in AD as superior 
quadrant, differing from glaucoma which primarily affects 
inferior quadrant.[37] Inferior visual field deficits reported 
previously in AD patients is consistent with this literature 
data.[12] Furthermore, it is claimed that the greater amount 
of amyloid plaque and neurofibrillary tangle accumulation 
in cuneal gyrus in comparison to the lingual gyrus, are also 
relevant with predominantly inferior visual field deficits seen 
in AD patients, by causing retrograde neuronal degeneration.[5] 

Figure 1: Optical coherence tomography output of peripapillary retinal 
nerve fiber layer thickness measurement of a patient with Alzheimer’s 
disease. Circular scan with a 3, 4 mm diameter centering optic nerve head 
can be seen in fundus image for both eyes. Average retinal nerve fiber 
layer thicknesses in quadrants (superior, inferior, nasal, and temporal) 
and clock hours are shown on diagrams Figure 2: (a) Six consecutive radial line scans each centering on fovea 

schematized on the fundus photograph of an Alzheimer’s disease 
patient, (b) Nine macular fields of early treatment diabetic retinopathy 
study, (c) Nine macular fields schematized on the fundus photograph of 
an Alzheimer’s disease patient, (d) Optical coherence tomography output 
for macular scan of a patient in Alzheimer’s disease group. The average 
thickness of the nine regions and topographic map of retinal thickness 
are shown on diagrams

d

cba
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Inferior quadrant was reported to be the following affected 
peripapillary region after superior quadrant in AD patients in 
previous studies.[35]

Histopathological studies revealed that approximately 35% 
of retinal thickness in macula consists of RGCs and axons.[44] 

We can evaluate the quantity of RGC axons by peripapillary 
measurements with OCT. OCT can also be useful for evaluating 
quality and quantity of the neuron bodies with macular 
measurements. Blank et al.[18] observed 25% reduction of 
RGCs in foveal/parafoveal retina in AD patients. The loss of 
RGCs in central retina, which was histopathologically proved, 

Table 1: Demographic data of groups

Control AD P

Mean±SD/n‑% Med (Min‑Max) Mean±SD/n‑% Med (Min‑Max)
Age 72.3±6.5 73 (58-88) 72±11.1 75 (48-88) 0.606
Gender

Female 18 72.0% 15 71.4%
Male 7 28.0% 6 28.6%

AD=Alzheimer’s disease, SD=Standart deviation, Med=Median value, Min=Minimum, Max=Maximum, n=sample size

Table 2: Peripapillary retinal nerve fiber layer thickness (µm) in patients with Alzheimer’s disease and healthy controls

RNFL (µm) Control (n=46) AD (n=31) P

Mean±SD Med (Min‑Max) Mean±SD Med (Min‑Max)
Average 97.0±12.3 96 (71-129) 93.3±15.2 95 (56-125) 0.239
Superior 116.2±18.0 119 (65-153) 109.9±24.2 111 (52-149) 0.161
Nasal 81.4±21.1 80 (41-145) 76.5±24.1 81 (26-131) 0.358
Inferior 124.7±21.6 125 (79-187) 120.9±22.8 119 (78-172) 0.462
Temporal 65.9±9.9 65 (51-90) 65.8±17.4 64 (40-118) 0.596
*P<0.05 statistically significant. AD=Alzheimer’s disease, RNFL=Retinal nerve fiber layer, SD=Standart deviation, Med=Median value, Min=Minimum, 
Max=Maximum, n=sample size

Table 3: Macular thickness (µm) and volume (mm3) in patients with Alzheimer’s disease and healthy controls

Macular thickness and volume Control (n=46) AD (n=35) P

Mean±SD Med (Min‑Max) Mean±SD Med (Min‑Max)
Fovea

µm 221.0±24.8 222 (181-295) 233.5±22.8 235 (180-284 0.023
mm³ 0.17±0.02 0.2 (0.1-0.2) 0.18±0.02 0.2 (0.1-0.2) 0.024

Inner ring
Inferior µm 267.6±16.9 269 (234-302) 261.0±25.9 267 (206-300) 0.196

mm³ 0.42±0.03 0.4 (0.4-0.5) 0.41±0.04 0.4 (0.3-0.5) 0.195
Superior µm 259.4±18.4 260 (217-296) 257.3±29.0 260 (194-300) 0.856

mm³ 0.41±0.03 0.4 (0.3-0.5) 0.41±0.05 0.4 (0.3-0.5) 0.871
Nasal µm 264.6±21.4 265 (209-300) 262.8±23.7 267 (217-303) 0.726

mm³ 0.42±0.03 0.4 (0.3-0.5) 0.41±0.04 0.4 (0.3-0.5) 0.722
Temporal µm 258.3±18.3 259 (208-303) 257.1±21.3 262 (214-294) 0.792

mm³ 0.41±0.03 0.4 (0.3-0.5) 0.40±0.03 0.4 (0.3-0.5) 0.817
Outer ring

Inferior µm 228.4±16.5 228 (191-266) 227.7±20.1 229 (190-283) 0.863
mm³ 1.21±0.09 1.2 (1.0-1.4) 1.21±0.11 1.2 (1.0-1.5) 0.866

Superior µm 250.5±14.8 249 (221-287) 251.7±16.5 250 (218-290) 0.735
mm³ 1.33±0.08 1.3 (1.2-1.5) 1.33±0.09 1.3 (1.2-1.5) 0.752

Nasal µm 254.8±18.1 254 (212-295) 253.2±20.8 251 (213-318) 0.468
mm³ 1.35±0.10 1.3 (1.1-1.6) 1.35±0.11 1.3 (1.1-1.7) 0.469

Temporal µm 224.5±21.1 220 (181-270) 230.9±19.4 228 (205-286) 0.166
mm³ 1.19±0.11 1.2 (1.0-1.4) 1.23±0.10 1.2 (1.1-1.5) 0.164

Total macular volume mm³ 6.92±0.37 6.8 (6.3-7.8) 6.94±0.43 6.8 (6.2-7.8) 0.822
*P values in bold are statistically significant. AD, Alzheimer’s disease; SD, standart deviation; Med, median value; Min, minimum; Max, maximum; 
n, Sample size
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can be displayed by OCT with MT and MV measurements. 
Previous reports using time domain or spectral domain OCT 
stated reduced MT and MV, consistent with histopathological 
studies.[26-28,32,33,39,42,43,45] Spectral domain OCT is able to 
demonstrate the layer of retina involved in degeneration and 
differs from time domain OCT with this feature. Spectral 
domain OCT studies on AD patients showed that inner retinal 
layers (ganglion cell complex) were involved (reduced) in AD, 
external retinal layers were not affected.[43,45] We carried out our 
study with Stratus OCT (time domain OCT), so we did not have 
the chance of evaluating the affected layers due to the limited 
features of Stratus OCT. Our MT and MV results differ from 
literature. We found contrarily increased foveal thickness and 
volume and no other statistically significant change on the other 
eight macular region. Previously, only Ascaso et al.[32] reported 
increase in MT and MV in mild cognitive impairment patients 
but decreased in AD patients. Our study is the first to demonstrate 
foveal thickening in AD patients, never reported before. Increased 
thickness and volume may be associated with the swelling of 
RGC and Müller cells in the early stages of retinal degeneration. 
Researchers revealed “balloon-phenotyped” neurons due to 
amyloid beta and tau-associated neuron degeneration in the 
brain specimens of AD patients.[46] The degeneration in RGC is 
similar to the neurons in the brain. Blank et al.[17] demonstrated 
pale cytoplasm with swollen mitochondria and endoplasmic 
reticulum, pale nuclei with dispersed chromatin in early stages, 
but vacuolated cytoplasm and clumped chromatin in late stages 
of RGC degeneration. In all pathological conditions, Müller cells 
decrease the expression of Kir 4.1 potassium channels, leading 
increase in intracellular potassium level.[42,43] This process ends 
up with increased fluid transport into the Müller cell to maintain 
osmotic equilibrium and swelling.[47,48] These changes in Müller 
cells can contribute to increased thickness and volume. Besides, 
loss of fixation maintenance may be another reason for increased 
foveal thickness and volume.[5,6] Salobrar-Garcia et al.[39] claimed 

in their research, in which decrease in macular measurements 
but no significant change in RNFL detected, that the macular 
region is the first affected area of the retina in AD due to the 
arrangement of multilayer bodies of the ganglion cells. Our 
results are consistent with their hypothesis.

Neuronal degeneration due to the deposition of amyloid 
beta and hyperphosphorylated tau is the cause of brain 
damage in AD. Amyloid beta deposition in the retina is the 
possible reason of the RGC degeneration in AD patients. The 
histopathological researches on Alzheimer mouse models 
strengthen the opinion of retinal degeneration, and functional 
impairment are relevant with amyloid beta deposition.[49,50] 
Koronyo-Hamaoui[51] and Schön[52] achieved to show amyloid 
plaques and neurofibrillary tangles in vivo in mice models. Guo 
and Cordeiro[53] also developed a system named detection of 
apoptosing retinal cells based on imaging apoptosing RGCs 
in vivo with confocal scanning laser ophthalmoscopy. With our 
results, we can claim that OCT is also a method for detecting 
retinal degeneration in vivo in AD. OCT is a rapid, noninvasive, 
and in vivo technique for evaluating the retinal changes. Both 
time domain and spectral domain OCT devices are reliable for 
detecting retinal alterations in AD patients. The data verified 
from these devices are correlated but different.[54] That’s why 
data obtained from the same devices should be compared. 
We made a comparison between two devices by evaluating 
the data of 19 cognitively healthy individuals obtained from 
both devices and detected a positive correlation between 
two devices. In addition, spectral-domain OCT, the latest 
technology, has some advantages. It is possible to evaluate 
which layer affected, and also, it is possible to make the 
evaluation faster than time-domain OCT which may be an 
important feature for AD patients.

The limitations of this study include the small sample size and 
the limited features of Stratus OCT for assessing the retinal 

Table 4: Correlation between Stratus and Spectralis OCT on peripapillary and macular measurements

RNFL (µm) Spectralis OCT

Average Superior Nasal Inferior Temporal
Stratus OCT r 0.877 0.560 0.690 0.505 0.786

P value 0.000 0.001 0.000 0.004 0.000

Macular thickness (µm) Spectralis OCT

Inner ring Outer ring

Fovea Superior Nasal Inferior Temporal Superior Nasal Inferior Temporal
Stratus OCT r 0.520 0.693 0.632 0.487 0.339 0.511 0.479 0.519 0.390

P value 0.002 0.000 0.000 0.005 0.058 0.003 0.006 0.003 0.027

Macular volume (mm³) Spectralis OCT

Inner ring Outer ring

Fovea Superior Nasal Inferior Temporal Superior Nasal Inferior Temporal
Stratus OCT r 0.514 0.695 0.614 0.498 0.335 0.538 0.474 0.511 0.375

P value 0.003 0.000 0.000 0.004 0.061 0.002 0.006 0.003 0.035
*P values <0.05 statistically significant
Abbreviations: OCT=Optical coherence tomography, RNFL=Retinal nerve fiver layer; r, Pearson’s correlation coefficient.
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layers. The incidence of systemic and eye disorders is high in 
elderly patients. The exclusion of patients with systemic and 
ocular diseases restricted our sample size. Another reason of 
small sample size was the application of the AD patients to 
doctors for diagnosis at advanced stages.

concLusIon

Considering the retinal changes in AD, we can present eye 
as a window to the brain. Our results suggest utilization of 
OCT by clinicians for early diagnosis of AD may be as a 
biomarker in the near future. Since the results of the studies are 
in a big diversity, further studies, especially including larger 
populations are required, and a normative database for elderly 
population should be installed for quick assessment of mild 
cognitive impairment and suspected AD patients.
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