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ABSTRACT

Introduction: Alzheimer disease (AD) is the most common form of dementia worldwide.
The modalities to diagnose AD are generally expensive and limited. Both the central nervous
system (CNS) and the retina are derived from the cranial neural crest; therefore, changes in
retinal layers may reflect changes in the CNS tissue. Optical coherence tomography (OCT)
machine can show delicate retinal layers and is widely used for retinal disorders. This study
aims to find a new biomarker to help clinicians diagnose AD via retinal OCT examination.

Methods: After considering the inclusion and exclusion criteria, 25 patients with mild and
moderate AD and 25 healthy subjects were enrolled in the study. OCT was done for all eyes.
The central macular thickness (CMT) and the ganglion cell complex (GCC) thickness were
calculated. The groups were compared using the SPSS software, v. 22.

Results: Both GCC thickness and CMT were significantly decreased in patients with AD
when compared to healthy age- and sex-matched individuals.

Conclusion: Retinal changes, specifically CMT and GCC thickness, may reflect the AD
process in the brain. OCT can be considered a non-invasive and inexpensive method to help
diagnose AD.
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* Ocular examination is a good tool to detect Alzheimer disease (AD).

Plain Language Summary

In our study, we provide a new, safe, and relatively inexpensive tool, called optical coherence tomography, for the
detection of Alzheimer disease (AD). Optical coherence tomography (OCT) is widely used to evaluate ocular diseases,
especially retinal disorders. Because both retina and central nervous system have the same embryologic origin, changes
in the ocular structure may show the changes in the central nervous system tissue.

1. Introduction

Izheimer disease (AD) is the most common
form of dementia, characterized by the grad-
ual and progressive worsening of cognitive
function (Scheltens P et al., 2016). The in-
cidence increases with age, and given the
increase in the aging population worldwide,
dementia has become a major public health
problem. The main pathologic change is the accumula-
tion of Amyloid B (AP) in the Central Nervous System
(CNS), which is derived from the abnormal processing
of amyloid precursor protein. Intracellular neurofibril-
lary tangles of tau protein are also observed. Some bio-
markers are currently used to diagnose AD. There is a
biomarker classification system for the diagnosis of AD,
called the A/T/N system (Jack et al., 2018). The letter
“A” stands for the aggregation of AR in CNS detected by
Cerebrospinal Fluid (CSF) evaluation or Positron Emis-
sion Tomography (PET) scan. The letter “T” refers to
the aggregated tau protein, which is also shown by CSF
analysis or PET scan. And, the letter “N” stands for neu-
ronal injury, detected by PET-scan, structural Magnetic
Resonance Imaging (MRI), and CSF total tau protein.
These procedures are generally costly and invasive;
therefore many of them are not used widely in clinical
practice (Lad EM et al., 2018; Grossman Lut, Crenshaw
et al., 2010; Thal Li et al., 2006). It is of interest to find
a relatively low-cost and non-invasive biomarker to help
diagnose and follow up patients with AD.

The retina is an embryological extension of the brain and
is derived from the cranial neural tube. A study showed that,
in addition to CNS, Alzheimer-related neurodegenerative
changes occur in the retina and optic nerve (Hinton et al.,
1986). The B-amyloid plaques and neurofibrillary tangles
are shown in the retina (Dentchev et al., 2006). Accord-
ingly, any change in the retinal structure may somehow re-
flect the pathologic process in the brain. Axons of retinal
ganglion cells form the Retinal Nerve Fiber Layer (RNFL).

The optic nerve is formed by RNFL and then passes to the
brain. Some histopathologic studies have reported the re-
duction in RNFL and ganglion cell layer (Hinton et al.,
1986; Srinivasan and Efron, 2019).

Optical Coherence Tomography (OCT) is a non-invasive,
easy-to-use, and relatively low-cost method that can pro-
vide a detailed examination of the retinal cells. OCT can
distinguish different retinal layers and measure each layer’s
thickness. A routine OCT exam measures RNFL, which
provides the number of neuronal axons, and ganglion cell
complex, which shows the number of dendrites and cell
bodies of retinal ganglion cells. The Ganglion Cell Com-
plex (GCC) is defined as the sum of the thickness of RNFL,
Ganglion Cell Layer (GCL), and the Inner Plexiform Layer
(IPL) (Figure 1). These quantitative measures can show the
health status of the neuronal structure.

Paquet et al. (2006), Parisi et al. (2001), Berisha et al.
(2007), Moschos et al. (2012), Kromer et al. (2014),
Larrosa et al. (2014), Polo et al.(2014), Lu et al. (2010),
Marziani et al. (2013), Garcia-Martin et al. (2014) and
Salobrar-Garcia et al. (2014) have measured the peripap-
illary RNFL (PRNFL) in patients with AD. Nearly all of
these studies have reported PRNFL thinning; however,
some recent studies have shown no significant decrease
in the PRNFL thickness in patients with AD when com-
pared to the normal population (Domingo Sanchez et al.,
2018). The evaluation of GCC thickness in AD was the
subject of some other studies. For example, it was shown
that IPL thickness decreased earlier than the other lay-
ers (Srinivasan and Efron N. 2019; Berisha et al., 2007;
Salobrar-Garcia et al., 2014; He XF et al., 2012 and Ko-
ronyo-Hamaoui et al., 2011). One study suggested that
evaluating the macular GC-IPL thickness may be more
sensitive than the RNFL layer in the OCT exam of pa-
tients with AD (Gupta et al., 2016; Rui Tao et al., 2019)
found that GCC thickness is significantly decreased in
AD patients and patients with mild cognitive impair-
ment, compared to healthy subjects. Decreased GC-IPL
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Figure 1. Optical Coherence Tomography (OCT) result of a normal retina. Retinal layers are shown individually. Ganglion Cell
Complex (GCC) is composed of Nerve Fiber Layer, Ganglion Cell Layer and Inner Plexiform layer.

thickness is associated with decreased performance and
more severe diseases (Cunha et al., 2017).

The macula is a region of the retina that has more than
two layers of GCL. Choi et al. (2016), Gao et al. (2015),
and Cheung et al. (2015) have shown that macular thick-
ness and macular volume decreases in patients with AD.

In this study, we aim to evaluate the GCC layer and
central macular thickness (CMT) in patients with AD
and compare it to healthy age- and sex-matched indi-
viduals. Even though several studies exist regarding the
RNFL thickness in patients with AD, there are relatively
few studies about the GCC thickness. Also, there is no
previous similar study on Iranian patients with AD.

2. Materials and Methods

This case-control study was conducted in Shahid Sa-
doughi General Hospital (Yazd Province, Iran). The
study was approved by the Medical Research Ethics
Committee of the hospital and adhered to the principles
of the Declaration of Helsinki. Patients diagnosed with
mild to moderate AD, referred by one experienced neu-
rologist, were referred for ophthalmic examination. The
diagnosis of dementia was made clinically through mini-
mal mental state examination, in which the patient is as-
sessed and given a score according to their level of edu-
cation. Patients with scores of 24 to 30 are considered
mild, and patients with scores of 18 to 23 are regarded

as the moderate stage of the disease. Neuroimaging and
clinical investigation were done to rule out secondary
causes of dementia. Any patient with psychiatric dis-
orders, such as depression, anxiety, and psychosis was
excluded from the study. The patients with severe AD
were also excluded because of possible poor coopera-
tion. Written informed consent letter was obtained from
all of the study subjects and or their legal representa-
tives. After obtaining the written informed consent letter,
the control group was selected from the ophthalmology
clinic. The control group was age- and sex-matched with
the case group. Full ophthalmic examination was done
for all subjects, including best corrected visual acuity
(BCVA), Intraocular Pressure (IOP) by the Goldman to-
nometer, anterior segment examination with Slit Lamp,
and ophthalmoscopy after pupil dilation with a mydriatic
drop (1% tropicamide). The subjects with the following
conditions were excluded: BCVA less than 0.3 (as de-
termined by the Snellen chart), refraction with spheri-
cal equivalent more than +5/-5 diopter, IOP more than
20 mm Hg, significant corneal opacity or dense cataract
(because both conditions alter the OCT measurement
signal), or any abnormal acquired or congenital finding
in the optic nerve and retinal exam. As the presence of
glaucoma can alter the results of the OCT exam, any pa-
tient with a history of glaucoma or positive family history
was also excluded. In addition, any subject with a history
of alcohol abuse, previous ocular surgery, and previous
blunt or perforating globe trauma were excluded.
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After considering the inclusion and exclusion criteria,
25 patients with AD and 25 matched healthy subjects
were enrolled in the study. Both eyes of all subjects were
tested; therefore, 50 eyes were examined in both groups.

Spectral-domain (SD)-OCT was done using the Spec-
tralis OCT machine (Heidelberg Engineering, Heidel-
berg, Germany) for all eyes. Images with significant
artifacts or low-quality scores were excluded.

The measurements were done using the standard 9
subfields defined by ETDRS (early treatment of diabetic
retinopathy study; ETDRS research group investigators,
1991). This standard protocol includes 3 concentric cir-
cles centered on the fovea, with diameters of 1, 3, and 6
mm. The 1-3 mm and 3-6 mm rings were divided into
superior, inferior, nasal, and temporal quadrants. Ac-
cordingly, 9 areas were studied at each exam: superior 3

Z
~

1 mm
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mm (S3), inferior 3 mm (I3), nasal 3 mm (N3), temporal
3 mm (T3), superior 6 mm (S6), inferior 6 mm (16), na-
sal 6 mm (N6), temporal 6 mm (T6), and center of the
macula (C) (Figure 2).

GCC thickness was defined as the sum of RNFL, GCL,
and IPL. These layers were automatically segmented
and their thickness was measured. Because the GCC is
naturally thin at the fovea, GCC thickness measurements
were not done in the central 1 mm circle. In this area, the
CMT was measured instead.

The statistical analysis was performed using the SPSS
software, version 22 (SPSS Inc, Chicago, IL, US). Cate-
gorical data were presented as frequencies by percentage
and continuous data were presented as Standard Devia-
tion (SD) and mean value. The student t test was used

3Imm

Figure 2. ETDRS standard grid used for retinal thickness report

6 mm

1: central Imm, 2: Superior 3mm (S3), 3: Nasal 3mm (N3), 4: Inferior 3mm (I3), 5: Temporal 3mm (T3), 6: Superior 6mm (S6), 7:

Nasal 6mm (N6), 8: Inferior 6mm (16), 9: Temporal 6mm (T6).
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to compare the results between the two eyes, and the P
value of less than 0.05 was considered significant.

3. Results
Patient’s demographics and clinical characteristics

A total of 25 patients with AD (50 eyes) were included
in this study. In addition, 25 healthy subjects (50 eyes)
were enrolled as the control. In the case group, 8 patients
(32%) were male and 17 patients (68%) were female.
The female-to-male ratio in the control group was the
same, with a P value of 1. The mean age of patients with
AD was 80.44 years (SD=8.66). The mean age of the
control group was 79.64 years (SD=9.3). The P value
was 0.757, showing that there is no significant difference
between the two groups (Table 1). In the case group, 2
patients (8%) had mild AD and 23 patients (92%) had
moderate AD.

Table 1. Demographics of patients and controls.

September & October 2022 Volume 13, Number 5

Findings of spectral domain optical coherence to-
mography

The mean CMT was 265.15 p in the healthy group
(SD=16.30), compared to the mean CMT of 233.60 1 in
the case group (SD=13.55) (Table 2). The P value was
0.0001, showing a significant decrease in CMT in pa-
tients with AD.

The mean GCC thickness in the N3 area was 111.43
p (SD=10.67) in healthy individuals and 92.10 p
(SD=11.29) in AD patients. Mean GCC thickness in the
T3 area was 104.94 u (SD=7.56) in the control group and
89.42 11 (SD=8.16) in the AD group. The mean thickness
of GCC in the S3 area was 113.78 p (SD=9.17) in the
control group and 93.03 p (SD=12.83) in AD patients.
The mean GCC thickness was 109.35 p (SD=13.14) in
the I3 area in healthy subjects and 95.70 p (SD=12.81) in
the AD group. The P value for areas N3, T3, and S3 was
0.0001, and for the I3 area was 0.001.

Variable Statistic Alzheimer Control P
No. 25 25
Age Mean+SD 80.44+ 8.86 79.64+9.30 0.757
Min, Median, Max 58, 84,93 61,82,94
Female gender Number (%) 17 (68%) 17 (68%) 1
Table 2. CMT and GCC thickness in patients with Alzheimer's Disease and controls
MeantSD
Location
Alzheimer Control P
Center (CMT) 233.60+13.55 265.15+16.30 0.0001
S3 93.03+12.83 113.78+9.17 0.0001
13 95.70+12.81 109.35+13.14 0.001
N3 92.10+£11.29 111.43+10.67 0.0001
T3 89.42+9.16 104.94+7.56 0.0001
S6 82.72+12.90 93.37+11.52 0.003
16 82.50+10.60 94.72+16.28 0.003
N6 90.03+12.70 106.63+11.89 0.0001
T6 78.45+9.12 86.00+£10.54 0.009
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The mean GCC thickness in the control group in the N6
area was 106.63 p (SD=11.89) and 90.03 pu (SD=12.70)
in AD patients. The mean thickness of GCC in the T6
area was 86 |1 (SD=10.54) in the healthy group and 74.45
p (SD=9.12) in AD patients. The mean GCC thickness in
the S6 area was 93.37 u (SD=11.52) in the control group
and 82.72 p (SD=12.90) in the case group. The mean
thickness of GCC in the 16 area was 94.72 p (SD=16.28)
in the control group and 82.50 p (SD=10.60) in AD pa-
tients. The P value was 0.0001 for the N6 area, 0.009 for
the T6 area, and 0.003 for S6 and 16 areas (Table 2). As
the results demonstrate, the difference in GCC thickness
between the healthy group and the case group reached
statistical significance in all areas.

4. Discussion

It is proved that in AD, degenerative changes oc-
cur in all parts of the visual system. Deposition of A
throughout the retina, retinal vasculature, and choroid
was shown in histopathological studies. The AP deposits
mainly in the inner retina and optic disc (London et al.,
2013; Dentchev et al., 2006). This deposition is found to
be toxic for the retinal ganglion cell neurons.

The modalities of diagnosis in AD are expensive and
limited by low sensitivity and specificity. Up to now,
there is no proven biomarker for the diagnosis of AD
(Kwon et al., 2017; Gharbiya et al., 2014; van de Kreeke
etal., 2019). It seems that the evaluation of the retina can
provide a useful biomarker to detect neuronal changes in
the CNS. OCT is a non-invasive device that can provide
a detailed evaluation of retinal layers. OCT is widely
used in the diagnosis and following up the patients with
retinal disorders. This modality enables the physician
to evaluate and quantitatively assess each retinal layer.
The optic nerve is made of RNFL, the axons of ganglion
cells, and then passes to the brain to connect to the lat-
eral geniculate body. There is a theory that the retrograde
degeneration of axons from the brain can alter the struc-
ture of retinal ganglion cells (Domingo Sanchez, et al.,
2018). Therefore, OCT seems a potentially good device
to detect pathologic processes in CNS, such as AD.

OCT can measure RNFL, GCC, and CMT, providing
objective measurement of ganglion cell bodies and their
dendrites and axons. As mentioned in the introduction,
peripapillary RNFL thickness was previously reported
to be decreased in AD. Macular thickness and macular
volume were also shown to be decreased in patients with
Cheung et al. (2015) and Lad EM et al. (2018) have re-
ported a significant reduction of GCC thickness in pa-
tients with AD when compared to healthy ones. Some
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studies have shown that IPL thickness decreased earlier
than the other layers (Paquet et al., 2007; Moschos et
al., 2017; He XF et al., 2012; Koronyo-Hamaoui et al.,
2011; Gupta et al., 2016). Macular GC-IPL thickness
may be more sensitive than the RNFL layer in evaluat-
ing AD patients (Cunha et al., 2016). Van der Kreeke et
al. (2019) did not find any significant changes in the GC-
IPL thickness between AP positive and negative indi-
viduals. Rui Tao et al. (2019) found that GCC thickness
is significantly decreased in AD patients and also in pa-
tients with mild cognitive impairment. They also found
a remarkable association between brain volume and
retinal changes. Marziani et al. (2013) reported signifi-
cant GCC reduction in patients with AD when compared
to healthy subjects. Cheung et al. (2015) measured the
sum of GCL and IPL and reported a significant decrease
in the thickness of these layers in AD patients. Choi et
al. (2016) also measured the macular ganglion cell-IPL
layer thickness and found that the decrease of this layer’s
thickness is associated with clinical disease progression.
Ganglion cell loss begins in the macula during the de-
generative process, possibly because of the high retinal
ganglion cell density in this region (Curcio, Allen, 1990).
This observation was proved by histopathological stud-
ies (Blanks, Torigoe, Hinto, Blanks, 1996). In a study on
amouse model of AD by Williams et al. (2013), changes
in the dendritic of retinal ganglion cells occurred before
cell loss, suggesting the use of inner retinal layers for the
detection of neurodegeneration. Our results were consis-
tent with the results of the previous studies.

CMT shows the health status of the retinal neurons. In
our study, CMT was significantly decreased in patients
with AD compared to healthy subjects. This is consis-
tent with many studies (Choi SH et al,. 2016; Gao et al.,
2015; Cheung et al., 2015).

To our knowledge, this is the first study evaluating GCC
thickness by OCT in Iranian patients with AD. The use
of OCT is not popular among Iranian neurologists for the
detection or following up the neurologic disorders. There-
fore, this study may help neurologists to use a non-inva-
sive, easy-to-use, and relatively low-cost device to diag-
nose AD, in conjunction with ophthalmological consult.

Our study faced some limitations. Firstly, the sample
size was relatively small to detect the difference between
patients and the healthy group. Secondly, although we
excluded patients with signs of glaucomatous optic neu-
ropathy or IOP more than 20 mm Hg, this cannot com-
pletely exclude glaucoma patients because the patients
did not take a visual field test. Thirdly, the control group
did not undergo extensive neurologic testing to rule out
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early or preclinical AD. Fourthly, most of our patients
had moderate AD, limiting the study to detect possible
early changes in patients with mild AD. In the moderate
stages of AD, the diagnosis is made with little challenges,
and more challenges are encountered in the diagnosis of
mild cognitive impairment. Accordingly, further studies
are needed to target this group of patients. Finally, we did
not assess the relationship between other variables, such
as the functional assessment staging score with GCC
thickness, which can be considered in future studies.

The use of OCT markers in AD patients may also be
limited because of poor patient compliance due to cog-
nitive impairment. The common ocular conditions oc-
curring in older age, for example, age-related macular
degeneration, glaucoma, dense cataract, or any retinal
complications of other systemic diseases, such as dia-
betic retinopathy, can interfere with the interpretation of
OCT results. The use of OCT to detect changes because
of AD may be limited as a severely dense cataract, dense
corneal opacity, vitreous hemorrhage, and any other
ocular condition can interfere with the OCT signal. The
presence of any congenital retinal abnormality can also
limit the use of this technology.

5. Conclusion

In conclusion, in the present study, we evaluated and
compared the thickness of GCC and CMT via OCT in
patients with AD and healthy age- and sex-matched con-
trols. To the best of our knowledge, this is the first OCT
study regarding AD effects on the retina in Iran. Our re-
sults show significant thinning of GCC and CMT in AD
patients compared to the control group.

Larger sample size is needed for better evaluation of
OCT parameters in AD. It is better to evaluate patients
with a mild degree of AD, because this may help to de-
tect possible early AD-related changes in the retina. Fol-
low-up studies are also needed to evaluate the changes in
retinal OCT over time.
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