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Optical Coherence Tomography Findings in Parkinson’s and Alzheimer’s 
Disease –Retinal Changes in Neurodegenerative Disease
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Introduction: To investigate retinal nerve fiber layer (RNFL), macular, 
foveal and parafoveal thickness in patient with early stage Parkinson’s 
(PD) and Alzheimer’s disease (AD) by optical coherence tomography 
(OCT) and to compare results with healthy control group and between 
both disease.

Methods: Participants with AD dementia (n: 15) and PD (n: 15), besides 
15 age-sex matched controls were enrolled in the study and received 
OCT assessments. Clinical disability grade in PD was determined by the 
Unified Parkinson’s Disease Rating Scale and Hoehn Yahr (H-Y) Scale 
was used to determine the stage of PD. Standardized Mini Mental Test 
(SMMT) and Montreal Cognitive Rating Scale (MOCA) were used for 
neurocognitive evaluation of patients with AD. The relationship between 
OCT and test results was analyzed.

Results: OCT measurements did show significant decrease in temporal, 
nasal, inferiorR (R means examination of retina in two sections as 

superior and inferior instead of four quadrants) RNFL thickness and 
foveal, parafoveal, macular thickness of AD group compared to control 
group. Temporal, inferior and inferiorR RNFL thickness were thinner in 
patients with PD than those of control group but these differences were 
not significant. However the superiorR and superior RNFL thickness 
decreased significantly in the PD group as the disease duration increased. 
There was no relationship between SMMT, MOCA, UPDRS, H-Y scores 
and OCT results.

Conclusion: As several studies have reported different results so far, 
we thought that the use of OCT in early diagnosis and follow-up of the 
course of both diseases was not appropriate until many studies indicated 
the same result.
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Alzheimer’s disease (AD) is the most common form of dementia. It’s 
caused by senile plaque accumulation and decreased acetylcholine levels 
in the anterior cortex and hippocampal complex. Parkinson’s disease 
(PD) results mainly from the selective loss of dopaminergic neurons in 
substantia nigra pars compacta of the midbrain and basal ganglia. As a 
result of diminished dopamine and its metabolites in PD, retina is thought 
to be in a neurodegenerative process (1, 2). Similarly, amyloid beta 
accumulation has been demonstrated in the retinal and visual pathways 
of Alzheimer’s patients. Acetylcholine is known to be crucial for retinal 
cells to function properly (3, 4). Some patients showed ganglion cell 
death and optic nerve degeneration without amyloid beta accumulation 
and neurofibrillary changes (5). Disturbances in the visual system, such as 
difficulty in finding objects and reading, loss of depth perception, inability 
to follow moving objects, loss of spatial contrast sensitivity, reduction in 
color perception are non-motor symptoms in both AD and PD (6). Optic 
nerve degeneration and loss of retinal ganglion cells are responsible for 
visual system impairment (3, 7). Optical Coherence Tomography (OCT), 
a new imaging method that can provide cross sectional images of retinal 
anatomy (8), has begun to be used to demonstrate thinning of retinal 
nerve fiber layer (RNFL) and similar morphological changes in the retina 
(9, 10).

INTRODUCTION
Our purpose is to determine whether changes in retina by OCT in early-
stage Parkinson’s and Alzheimer’s disease are specific to diseases. The 
results are compared between the age-sex matched control group and 
both disease groups.

METHODS
Fifteen patients for each group diagnosed with AD and PD, between 
the ages of 65–76 and followed up by neurology outpatient clinic of 
Haydarpaşa Numune Training and Research Hospital between October 
2012 and April 2017 were included in the study, which had been 
approved by the ethics committee of Haydarpaşa Numune Training and 
Research Hospital. Our control group consists of 15 healthy participants 
admitted to ophthalmology outpatient clinic. Evaluations were made 
by the same neurologist and ophthalmologist to avoid differences. 
Patients with PD in Hoehn Yahr stage 1–2 were included in the study. 
The clinical disability grade was evaluated with UPDRS which scores 
cognitive disturbances, activities of daily living, motor features of PD. 
SMMT and MOCA tests are used for neurocognitive evaluation of 
patients with AD. Patients with SMMT score of >18 were enrolled in the 
study. History of visual acuity <5/10, refractive error higher ±3 spherical 
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diopters, intraocular pressure of >21 mmHg, diabetic and hypertensive 
retinopathy, optic disc anomalies, age-related macular degeneration, 
optic neuropathy and corticosteroid use etc. were exclusion criteria. 
RNFL, foveal, parafoveal and macular thickness of the patients were 
measured by OCT. Measurements were performed with Fourier Domain 
OCT (Rtvue OCT; Optivue INC, Toredo, OH). Each subject eye underwent 
RNFL, foveal, parafoveal and macular scan protocols. The RNFL 
thickness was circularly measured around papilla (optic disc: 3.4 mm) 
and repeated three times per quadrant (Superior, inferior, temporal, 
nasal). The measurements were also recorded in two additional sections 
as superior retina (superiorR) and inferior retina (inferiorR) by divided 
retina into two part. Macular scan protocol consisted of 6 consecutive 6 
mm radial line scans centered on the macula. Macular retinal thickness 
data were displayed in three concentric circles. The central disc was the 
foveal region measuring 1.00 mm in diameter. Results were expressed 
in microns. 30 eyes of 15 patients for each group were compared with 
30 eyes of 15 control subjects. Informed consent was received from all 
subjects involved in the study. OCT measurements were compared with 
test results.

Statistical evaluation
Case-control analysis was undertaken with the RNFL, foveal, parafoveal 
and macular thickness collected with age-sex matched controls. Results 
are reported as mean values ± standard deviation (SD). All statistical 
analyses were performed using the SPSS software version 22. Pearson 
Correlation was checked whether a correlation exists between results. 
P<0.05 was considered significant.

RESULTS
The patients and control groups did not differ significantly in age and 
gender. There were no significant differences between the groups 
regarding age at diagnosis and duration of disease. Detailed demographic 
information of the patients and control group are shown in Table 1.

Table 1. Demographic information of patients and control group

Parkinson’s D. Alzheimer’s D. Control G. 

Number of patients 15  15  15

Number of eyes 30  30  30

Gender (Women: Men)
6:9

 (40% : 60%)
 6:9

 (40% : 60%)
 6:9

 (40% : 60%)

Age (Min-max)
Age (Mean ± SD)
Age of Disease Onset
Disease Duration 

65–73
65.06±5.27 
62.08±3.46

3.4±2.8

 66–76
66.93±4.80
63.67±4.7
3.27±2.25

 68–73
65.47±6.63

—
—

Parkinson’s D, Parkinson’s disease; Alzheimer D, Alzheimer’s disease; Control G, control 
group; Min, minimum; Max, Maximum; SD, standard deviation. 

Comparison of OCT measurements of patients and control group is 
shown in Tables 2, 3 and 4. The mean disease duration was 3.4±2.8 in the 
PD group, 3.27±2.25 in the AD group. There was 75.4% (p=0.001) and 68% 
(p=0.005) inverse correlation between disease duration and respectively 
superiorR, superior RNFL thickness in PD group. The superiorR and 
superior RNFL thickness decreased significantly in the PD group as 
the disease duration increased. In AD, there was insignificant inverse 
relationship (44.1%) between the disease duration and the superior 

Table 2. Comparison of patients with Parkinson’s disease and control group

Parameter Location

PD Group
 (N=30)

mean ± SD

Control Group
 (N=30)

Mean ± SD P

Parapapillary RNFL (mean)  114.40±31.45  108.04±10.30 0.277

RNFL Thickness (micron) Superior RNFL  139.50±13.19  127.87±21.26 0.000

Inferior RNFL  129.16±17.78  131.53±23.68 0.472

Temporal RNFL  85.86±14.74  87.40±19.11 0.573

Nasal RNFL
SuperiorR RNFL
InferiorR RNFL

 103.10±128.43
113.30±7.44
106.60±9.30

 85.37±20.83
110.70±10.60
108.03±12.01 

0.456
0.065
0.405

Foveal
Parafoveal

Macular Thickness

0.20±0.02
2.01±0.08

250.63±25.94

0.19±0.02
1.99±0.10

246.63±26.13

0.291
0.072
0.405 

PD, Parkinson’s disease; SD, standard deviation; RNFL, retinal nerve fiber layer. 

Table 3. Comparison of patients with Alzheimer’s disease and control group

Parameter

Location AD Group
 (N=30)

mean ± SD

Control Group
 (N=30)

Mean ± SD P

Parapapillary RNFL (mean)  104.58±9.30  108.04±10.30  0.051 

RNFL Thickness (micron) Superior RNFL  136.73±12.88  127.87±21.26  0.001

Inferior RNFL  129.93±18.70  131.53±23.68  0.643

Temporal RNFL  76.33±12.44  87.40±19.11  0.000

Nasal RNFL
SuperiorR RNFL
InferiorR RNFL

 75.33±11.16
108.70±9.62

102.20±10.75 

 85.37±20.83
110.70±10.60
108.03±12.01

 0.000
0.264
0.006

Foveal
Parafoveal

Macular Thickness

0.18±0.02
1.90±0.12

232.20±29.06

0.19±0.02 
1.99±0.10

246.63±26.13

0.001
0.016
0.011

AD, Alzheimer’s disease; SD, standard deviation; RNFL, retinal nerve fiber layer. 
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Table 4. Comparison of patients with Parkinson’s disease and Alzheimer’s disease

Parameter Location

AD Group
 (N=30)

mean ± SD

PD Group
 (N=30)

Mean ± SD P

Parapapillary RNFL (mean)  104.58±9.30 114.40±31.45 0.098

RNFL Thickness (micron) Superior RNFL  136.73±12.88 139.50±13.19 0.260 

Inferior RNFL  129.93±18.70 129.16±17.78 0.815 

Temporal RNFL  76.33±12.44 85.86±14.74 0.001

Nasal RNFL
SuperiorR RNFL
InferiorR RNFL

 75.33±11.16
108.70±9.62

102.20±10.75 

103.10±128.43
113.30±7.44
106.60±9.30

0.246
0.002
0.015

Foveal
Parafoveal

Macular Thickness

0.18±0.02
1.90±0.12

232.20±29.06

0.20±0.02
2.01±0.08

250.63±25.94

0.000
0.000
0.001 

AD, Alzheimer’s disease; PD, Parkinson’s disease; SD, standard deviation; RNFL, retinal nerve fiber layer. 
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Figure 1. OCT Results of the three groups

RNFL thickness. The mean UPDRS score of the patients was 24.47±3.30 
(min10, max 44). Patients were between H-Y stage 1 and 2. Ten patients 
were evaluated as H-Y stage 1, 4 patients as H-Y stage 2, and 1 patient as 
H-Y stage 1.5. There was no statistically significant relationship between 
OCT measurements and UPDRS or H-Y scores in PD (p>0.05). Mean 
SMMT score in patients with AD was 19.53±1.66 (min 18, max 23). Mean 
MOCA score was 18.53±2.42 (min 16, max 22). No correlation between 
disease duration, age of disease onset, MOCA/SMMT scores and OCT 
measurements were noted (p>0.05).

Temporal, inferior and inferiorR RNFL thickness were thinner in 
patients with PD than those of control group. These differences were 
not statistically significant. The superior RNFL thickness was evaluated 
significantly higher than in the control group (Table 2).

In patients with AD; temporal, nasal, inferiorR RNFL, foveal, parafoveal 
and macular thickness were significantly decreased compared to the 
control group. Superior RNFL thickness was significantly higher in 
patients with AD than in control group (p=0.001) (Table 3).

All quadrants and mean RNFL thicknesses of three groups are shown in 
Figure 1. The comparison between patients with AD and PD revealed 
that the RNFL thicknesses in all quadrants of AD patients were thinner 
than patients with PD except inferior quadrant. Temporal, superiorR, 
inferiorR RNFL thickness and macular, foveal, parafoveal thickness 
were significantly lower in the AD group than those of PD group. This 
comparison is shown in Table 4.

DISCUSSION
Parkinson’s disease is a neurodegenerative disease affecting motor, 
sensorial and cognitive functions. The main pathology is the loss of 
dopaminergic neurons at substantia nigra. Retinal ganglion cells and 
projection pathways of dopaminergic neurons to cholinergic Meynert’s 
basal cells and entorhinal cortex are other dopaminergic central 
regions (11). Progressive retinal dopamine deficiency causes loss of 
retinal amacrine cells (12). The lateral geniculate nucleus and the visual 
cortex, which are the high cortical visual fields, are responsible for visual 
disturbances in PD which also contains dopamine (13, 14).

Alzheimer’s disease patients may also have vision-related complaints. 
The accumulation of Aβ in AD patients has been responsible for the 
pathogenesis (15). The aggregates are toxic to cortical and retinal neurons. 
Few studies have shown loss of retinal ganglion cells histopathologically 
without amyloid deposits and neurofibrillary changes (5, 16, 17). The 
decrease in RNFL thickness in PD has been shown by Inzelberg et al. 
for the first time (2004). In this study including 10 Parkinson’s patients, 
they showed significant decrease in the inferior RNFL thickness (18). 
Several studies reported thinning in different RNFL thickness with new 
technological devices. On the contrary, Berisha et al. (2007) showed 
retinal thinning in superior quadrant (3).

Altintas et al. determined significant decrease in the mean RNFL thickness 
in 17 Parkinson’s patients by Time domain (TD) OCT. The macular 
thickness was found thinner in all quadrants. They also found significant 
inverse correlation between UPDRS scores and foveal thickness (19). 
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No statistically significant correlation was found between UPDRS score 
and RNFL thickness in the study. Garcia-Martin et al. found that the 
mean RNFL thickness of Parkinson’s patients was significantly lower than 
those of control group by both Cirrus OCT and Spectral OCT. This study 
also found no significant correlation between SMMT scores and RNFL 
or macular thickness (20). In a recent study by Pillai et al. (2016) that 
compares the OCT results of the neurodegenerative diseases including 
PD, AD, non-AD dementia, amnestic mild cognitive impairment and 
age-sex matched control group by Spectral Domain OCT, RNFL thickness 
and macular volume didn’t differ between diseases and control group. 
Superior, temporal, nasal and inferior RNFL thicknesses of patients in all 
diseases group were higher than the control group. They suggested that 
OCT studies were not very useful in the early diagnosis of dementias and 
PD. They also reported that they did not find any significant relationship 
between MOCA scores or other neurocognitive tests score and OCT results 
(21). Boeke et al, (2016) evaluated OCT results of patients with PD and AD. 
As a result of the study consisting of 13 Parkinson’s patients, 8 Alzheimer’s 
patients and 14 controls, the average RNFL thickness in the PD group was 
found statistically significant thinner than both groups. Similarly, macular 
volume was thinner in the patients with PD and AD than the controls 
(22). We used Fourier-Domain (FD) OCT to evaluate whether changes 
were specific to AD or PD. It provides faster and higher resolution retinal 
topography and minimizes motion artifact. Early stage patients with AD 
and PD were included in our study because differences may not be so 
obvious in the later stage of both diseases as RNFL thickness decrease with 
age. No significant decrease was found in any quadrants RNFL thickness of 
15 Parkinson’s patients compared to the control group. Inferior, temporal 
and inferiorR RNFL thickness were found thinner but these results were 
not statistically significant. Surprisingly, the superior RNFL thickness 
of both patients with PD and AD showed statistically significant higher 
values than the control group. Measurements in all quadrants were 
found to be lower in AD than PD except the similarity of inferior RNFL 
thickness. Temporal, superiorR and inferiorR RNFL thickness and foveal, 
parafoveal and macular thicknesses were found to be significantly lower 
in Alzheimer’s disease than control group. RNFL thickness reduction may 
be linked to accompanying neuronal cell body loss and macular thickness 
reduction may be the result of ganglion cell damage. Also no correlation 
was found between the RNFL or macular thickness and SMMT, MOCA, 
UPDRS, H-Y scores in the current study. Increased disease severity, was 
not correlated with higher reduction in RNFL thickness. However, the 
superiorR and superior RNFL thickness decreased significantly in the PD 
group as the disease duration increased. There are studies that reported 
correlation between OCT measurements and tests results. Iseri et al. 
recorded results of 14 patients with AD (2006). Mean and temporal RNFL 
thickness, out of the 8 and 9 o’clock positions RNFL thickness and total 
macular volume were lower in the AD group than those of control group 
by TD OCT. They found statistically significant correlation between total 
macular volume and SMMT scores (23). With a different perspective, to 
investigate the changes in RNFL thickness among dementias, Moreno-
Ramos et al. (2012) evaluated patients with PD dementia, dementia with 
Lewy Body (DLB) and AD dementia by OCT. The mean RNFL thicknesses 
of all patient groups were found to be thinner than the control group. 
Although the results of patients with DLB were thinner than other 
dementias, differences were not significant. All changes in the retina were 
nonspecific for any type of dementia. Unlike our study, this study also 
concluded that there was correlation between SMMT scores and mean 
RNFL thickness (24). Emerging technological methods and new devices 
can affect the OCT results. Changes occurring as a result of device diversity 
and disease progression should be discriminated carefully in patients. The 
reason why different results have been reported in the several studies so 
far could be that use of variable technological devices and disease stages.

There are two studies including patients with MCI which have significant 
reduction in RNFL thickness. Paquet et al. (2007) examined 23 MCI, 14 

mild-stage AD and 12 moderate-to-severe AD patients in their studies 
by TD OCT. They found the mean RNFL thickness of MCI and AD patients 
to be statistically lower than the control group. But the results between 
MCI and early stage AD group did not make a significant difference. The 
moderate to severe AD group showed statistically significant thinning of 
RNFL thickness compared to the MCI group. They found no correlation 
between SMMT score and RNFL thickness (25). Subsequently, Kesler et 
al. (2011) analyzed a study with 30 AD and 24 MCI patients by TD OCT 
(7). The RNFL thickness of patients with AD (the superior and inferior 
quadrants) and the MCI (the inferior quadrant) were found to be thinner 
than those of control group and these differences were statistically 
significant. RNFL thickness in AD group was found to be thinner than 
the MCI group, but this difference was not significant. There was no 
correlation between SMMT scores and OCT results. These two studies 
suggested that RNFL thickness might be used even in the patients with 
cognitive troubles because the MCI group showed significant decrease 
in RNFL thickness compared to the control group. Further studies 
with larger sample size will be needed to evaluate RNFL thickness of 
patients when they are in the MCI stage by new technological OCT 
measurements.

There are several limitations in our study. The major limitation is the 
small sample size. None of our patients with AD and PD diagnoses 
were confirmed by another laboratory test (BOS tau, phosphorylated 
tau, amyloid β42, etc.). Also, postmortem examinations of patients 
were not made. Early glaucoma can affect the results, although it is very 
unlikely because we did not include in our study the patients with optic 
neuropathy (DM, HT, ischemic, toxic, systemic), patients with increased 
intraocular pressure (IOP>21 mm Hg). Likewise, the potential drug side 
effects to RNFL thickness were overlooked as previous studies.

CONCLUSION
We found that RNFL and macular thickness by FD OCT are unable to 
distinguish PD from normal controls in a clinically well-characterized 
sample. These results do not support a role for RNFL and macular 
volume for diagnostic purposes as biological markers in the PD. RNFL 
loss in Alzheimer patients were important in temporal, nasal, InferiorR 
RNFL thickness and macular, foveal and parafoveal thickness. It might be 
thought that AD development occurs simultaneously with retinal nerve 
fiber degeneration. How the finding of neurodegeneration is seen as 
atrophy in cranial MRI, RNFL loss could be recorded by OCT as reduction 
in RNFL thickness. However, there were no correlation between OCT 
results and UPDRS, SMMT, MOCA, H-Y scores, as the same with most of 
the studies. Several previous studies have reported different results with 
different devices and patient populations. These results indicated that the 
use of OCT in the early diagnosis and follow-up of the course of both 
diseases was not suitable until many studies pointed the same result. 
Further studies with larger sample size will be needed to clear uncertainty 
for both diseases.
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