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The aim of this study was to assess and compare peripapillary retinal nerve fiber layer (RNFL) thickness in pa-
tients with Alzheimer’s disease (AD), primary open-angle glaucoma (POAG), preperimetric glaucoma (PPG), and
healthy controls with the use of Spectral Domain Optical Coherence Tomography (SD-OCT).

Thirty patients with AD, 30 patients with POAG, 30 patients with PPG, and 30 healthy controls were enrolled
in this cross-sectional study. Only 1 randomly selected eye of each patient was analyzed. Every subject under-
went a thorough ophthalmological examination and OCT of the optic disc. The peripapillary RNFL thickness in
each of the 6 sectors and globally was analyzed.

The RNFL was thinnest in patients with POAG. The mean RNFL thickness value was 60.97+12.97 um and it was
significantly lower than in healthy controls (106.30+8.95 pum), patients with PPG (93.20+12.04 um), and AD
patients (95.73+13.52 pm). Mean RNFL thickness in patients with AD was significantly lower when compared
to healthy controls, and was higher compared to eyes with POAG, while there were no significant differences
compared to patients with PPG.

Neuronal damage in the central nervous system (CNS) also affects to retinal axons. A major problem is to dis-
tinguish the cause for a moderate decrease in the RNFL thickness. This is particularly true for patients with
glaucoma who have not been diagnosed with changes in the visual field. It is not possible to distinguish the
cause of a mild decrease in the RNFL thickness based on the SD-OCT. This may result in misdiagnosis of glau-
coma, unnecessary use of anti-glaucoma eye drops, and a delayed diagnosis of AD.
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Background

Alzheimer’s disease (AD) is the most frequent cause of de-
mentia across the world, and with the aging of population the
prevalence of the disease is rising. In 2006, 26.6 million peo-
ple were diagnosed with AD. It is estimated that by 2050 there
will be a 4-fold increase in the incidence of the disease [1,2].

In AD there is a gradual dying-back of nerve fibers, which is
preceded by the formation of extracellular f-amyloid (AB) de-
posits and intracellular neurofibrillary tangles (NFTs) of tau
protein [3,4]. The disease is characterized by a progressive
decline in cognitive function, resulting in change of behavior.
A diagnosis by exclusion is used to detect AD. This diagnostic
method allows the clinician to identify the disease entity’s
specific neuropsychological and neurological characteristics
and at the same time to eliminate other possible causes of
dementia. A final diagnosis can be reached following a histo-
pathological examination of the brain tissue attesting to the
presence of the amyloid deposits [5,6]. New diagnostic meth-
ods are constantly being developed with the use of brain im-
aging, such as, for example PET, SPECT, and fMRI [7]. However,
these diagnostic technics are costly and not usually available,
and there are doubts about whether they are sensitive enough
to enable final diagnosis of AD.

In 1986, Hinton et al. were the first to report that neurode-
generative changes in the brain also involve the optic nerve
and retina [8]. Examinations carried out with optical coher-
ence tomography (OCT) showed that the peripapillary reti-
nal nerve fiber layer (RNFL) thickness is significantly reduced
in patients with AD comparing to healthy controls. The dif-
ference in the OCT examination is from 16.64 pm to 8.25 um
and is the biggest in the superior quadrant [9]. The correlation
between the clinical stage of AD and the average RNFL thick-
ness is not clear. Most research papers deny a correlation be-
tween the Mini-Mental State Examination (MMSE) results and
the RNFL thickness [10-14]. Changes in the RNFL thickness
are not only due to AD, but can also be linked to other neu-
rodegenerative diseases of the central nervous system (CNS),
most importantly, to glaucoma. Primary open-angle glaucoma
(POAG) is the most common cause of blindness and the inci-
dence of the disease in people over 40 years of age is 1%. It
could be presumed that due to their prevalence, AD and POAG
are often coexisting medical conditions, making the diagnosis
of both conditions even more difficult. Accordingly, a compar-
ison of the 2 populations of patients and an attempt to find
differences regarding the extent and topography of the RNFL
damage could be of clinical importance.

The aim of this study was to assess and compare the RNFL
thickness in the eyes of patients with AD, POAG, preperymetric
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glaucoma (PPG), and healthy controls in the individual seg-
ments around the optic nerve disc.

Material and Methods

This cross-sectional study, conducted in the years 2016-2018,
included patients from the Oftalmika Eye Hospital, Bydgoszcz,
Poland. Each patient was examined by MMSE screening for
cognitive impairment in order to exclude them if they did
not belong to the AD group, and underwent eye examination
by an ophthalmologist, including the measurement of visual
acuity, tonometry (lcare TAO1i, USA), assessment of the fun-
dus with the Volk lens, and biomicroscopy with anterior an-
gle assessment and also SD-OCT (Spectralis OCT, Heidelberg
Engineering, Germany). The common inclusion criteria for the
project were the best corrected visual acuity (BCVA) >0.6, re-
fractive error between +3.0 Dsph, and age >50 years old. The
exclusion criteria were any previous surgical eye procedures
(except for uncomplicated cataract surgery), advanced stage
of cataract, health condition after head injuries, and other eye
and neurological conditions. This study followed the tenets of
the Declaration of Helsinki. Informed written consent was ob-
tained from all subjects after explaining the nature and possi-
ble consequences of the study. The research was approved by
the Bioethics Committee of Nicolaus Copernicus University in
Torunh at Collegium Medicum in Bydgoszcz.

A group of patients with POAG was defined based on the diag-
nostic characteristics of glaucomatous optic neuropathy (focal
or diffuse neuroretinal rim thinning, hemorrhage on the edge
of the optic nerve disc abnormal cup-to-disc (c/d ratio »0.6,
the c/d asymmetry between the 2 eyes 0.2) accompanied by a
decreased peripapillary RNFL thickness corresponding to a loss
of visual field in perimetry with an open-angle. Glaucomatous
losses in the visual field were identified with a computerized
threshold perimetry (SITA Standard 24-2, Humphrey Field
Analyzer Il; Carl Zeiss Meditec). Only reliable visual field tests
(fixation loss <20%, false-positive rate <15% and false-nega-
tive rate <33%) were included. One of the following changes
observed in the 2 consecutive visual field tests were used as
a criterion for glaucomatous damage, namely a cluster of 3 or
more adjacent points in a typical localization for glaucoma, with
p<5% in PSD, and for one of them with p<1% in PSD and/or
glaucoma hemifield test (GHT) outside normal limits and/or
average PSD value calculated for the entire tested area found
in less than 5% of healthy eyes. Patients in moderate stage of
glaucoma were included in the study [15,16].

A sample of individuals with PPG included patients with glau-
comatous defects of the optic disc detected in ophthalmos-
copy, a decreased peripapillary RNFL thickness detected in
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Table 1. Demographic and clinical data of the groups.

AD POAG PPG Controls p-Value*
Number of participants 30 30 30 30 =
- Women/Men 812 1515 s vy S
CAge™ 69974707 69204858 69104569 69704748 | 0962
 Best corrected visual acuity™* (Snellen)  0.940.12 091013 0974007 096:007 | 0174
Intraocular pressure** (mmHg) 16974249 19074387  1781x252 16094231 0001

AD - Alzheimer’s disease; POAG — primary open-angle glaucoma; PPG — preperymetric glaucoma. * ANOVA test, P-value <0.05 was

considered to be statistically significant; ** M +SD.

SD-OCT, without characteristic glaucoma scotoma detected
in the visual field testing.

A sample of individuals with AD included patients from
Department of Psychiatry, Collegium Medicum, Nicolaus
Copernicus University, Bydgoszcz, Poland. A diagnosis of AD
was made by a psychiatrist base on the DSM-IV (Diagnostic
and Statistical Manual of Mental Disorders) and the criteria of
the National Institute on Aging and the Alzheimer’s Association
(NIA/AA) confirmed by a positive result from a PET scan [16].
Patients with mild dementia (with the Mini-Mental State
Examination score ranging from 11 to 18 points) were quali-
fied for the study. Additional inclusion criteria for the partici-
pants were intraocular pressure (IOP) <21 mmHg, absence of
changes in the optic nerve head that would suggest glaucoma.
Visual field testing requires cooperation, significant concen-
tration and it may be impossible, to perform in patients with
AD [17]. Trick et al. performed a study where evaluated visual
field test in 61 people with AD at various stages of the dis-
ease. The reliable result was obtained only in 55.7% of peo-
ple [18]. Therefore, we decided that, due to the low reliability
of the visual field test, we will not perform in the AD group.

Healthy controls had IOP less than 21 mmHg, healthy optic disc
without asymmetry, the RNFL thickness within normal limits,
and no abnormalities in visual exam.

The peripapillary RNFL thickness was measured using SD-OCT
with a 3.46 mm in diameter scan circle centered on the op-
tic disc (Spectralis, Heidelberg, Germany). The Spectralis OCT
combines confocal Scanning Laser Ophthalmoscopy (cSLO)
that allows for tracking eye movement and averaging of sev-
eral OCT B-scans formed in the same retinal location in real
time. Spectralis provides peripapillary RNFL thickness values
for 4 quadrants (N — nasal, T - temporal, S - superior and | -
inferior), 6 sectors (N — nasal, NS — nasal-superior, T — tem-
poral, TS — temporal-superior, NI — nasal-inferior), and global
mean values (360 degrees).

Only 1 randomly selected eye of each patient was analyzed.

Statistical calculations were conducted with Statistica 12. The
results obtained in the studied groups and in the control group
were analyzed using one-way analysis of variance ANOVA or
in the absence of normal distribution the Kruskal-Wallis test
by ranks. For the remaining variables, the t test was used or
in the absence of normal distribution of the compared param-
eters the Mann-Whitney U test was administered. Unless oth-
erwise indicated, the data are given are + mean values and
standard deviation (SD) with the p-value threshold for statis-
tical significance of less than 0.05.

Results

The study groups consisted of 30 patients with AD, 30 pa-
tients with POAG, 30 patients with PPG, and 30 healthy con-
trols. The groups were well matched by age and sex distribu-
tion. Demographic data are presented in Table 1.

Age differences were not statistically significant (p>0.05). BCVA
of the study subjects was not statistically different between
the groups (p>0.05), while intraocular pressure values, despite
the treatment used in individuals with glaucoma, were higher
in the POAG group despite the treatment. Figure 1 shows ex-
amples of peripapillary RNFL thickness exam in eyes from sub-
sequent groups.

The thinnest peripapillary RNFL was observed in patients
with POAG. The global mean value for all quadrants was
60.97+12.97 pm and was significantly lower when compared with
healthy eyes (106.30+8.95 pum), eyes with PPG (93.20+12.04 um)
and eyes of patients with AD (95.73+13.52 pm). Comparison
of global peripapillary RNFL thickness is presented in Figure 2.

The average global peripapillary RNFL thickness value in pa-
tients with AD was significantly lower when compared with
healthy controls and significantly higher than in patients with
POAG. However, the differences were statistically insignificant
compared with eyes of patient with PPG. Comparison of peri-
papillary RNFL thickness in each sector is presented in Figure 3.
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Figure 1. Examples of peripapillary RNFL
measurement in the 3 examined
groups: (A) Significant reduction of
RNFL thickness in all temporal sectors
in patient with diagnosis of POAG.
The red color indicates significant
difference in respect to normative
database. (B) In eye with diagnosis
of PPG, only mild reduction of RNFL
thickness compared to normative
database in nasal temporal sector is
visible. (C) In the eye of patient with
AD, the peripapillary RNFL thickness is
within normal limits.

In all the studied groups, the RNFL thickness value was highest
in the temporal-inferior and temporal-superior quadrants. The
lowest value, regardless of the reason for RNFL thinning, was
reported in the nasal and temporal quadrants. The differences
between AD and POAG group regarding average peripapillary
RNFL thickness were significant in all sectors and between
AD and controls in all sectors except for the nasal-superior.
Comparison of average peripapillary RNFL thickness within sec-
tors between AD and PPG did not reveal significant changes in
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all sectors; however, in the temporal sector this difference was
close to the statistical significance. The values of RNFL thickness
within sector in subsequent groups are presented in Table 2.

Discussion

Our study confirmed the differences in the peripapillary RNFL
thickness among the groups of healthy controls, patients with
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Figure 2. Comparison of the global average peripapillary RNFL
thickness. The values in AD groups were significantly
lower compared to normal control and higher than
in eyes from the POAG group. The differences
between AD and PPG were not statistically significant.
AD - Alzheimer’s disease; POAG — primary open-angle
glaucoma; PPG — preperymetric glaucoma.

Figure 3. Graphical presentation demonstrates reduction of
average peripapillary RNFL in all sectors in POAG, PPG,
and AD compared to normal controls. AD — Alzheimer’s
disease; POAG — primary open-angle glaucoma;

PPG — preperymetric glaucoma; T — temporal sector;
TS — temporal-superior sector; NS — nasal-superior
sector; N — nasal sector; NI — nasal-inferior sector;

Tl — temporal-inferior sector.

Table 2. Comparison of average peripapillary RNFL thickness in subsequent sectors and globally between AD patients and POAG, PPG
and healthy controls.

AD Controls
TR 713:;.207;£ 4176..747; <0.001 7135.207;£ 7154;.767; 0.283 7135.207;£ 814 6.610; 0.007
RV 6 () 9155.7532+ 6102..9977i Sl 915§.7532+ 9132..25)4i 0.184 9155.7532+ 105;6.53501 S

AD — Alzheimer’s disease; POAG — primary open-angle glaucoma; PPG — preperymetric glaucoma; T — temporal sector; TS — temporal-
superior sector; NS — nasal-superior sector; N — nasal sector; NI — nasal-inferior sector; Tl — temporal-inferior sector; G — global.
* Independent t-test, P-value <0.05 was considered to be statistically significant.

POAG, and patients with AD. Previous research regarding the
changes in RNFL in patients with AD suggested that that RNFL
thickness analysis may be considered a diagnostic biomarker
of this disease [19-21]. In 2001, Parisi et al. used Stratus
OCT 3 to study individuals with a diagnosed AD. They com-
pared the results obtained in the study with the values ob-
tained in healthy controls. The analysis showed a decrease in
peripapillary RNFL thickness (P<0.01) in all 4 quadrants [13].

This work is licensed under Creative Common Attribution-
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Some analyses showed that statistically significant differences
occur in the superior quadrants only [22-24] or in the supe-
rior and inferior ones [10,25]. It was suggested that the likely
reason for the variation in the above results was the stage of
the disease assessed with the Mini-Mental State Examination
(MMSE) test. Kelsey et al. showed a correlation between the
MMSE results and the decreased peripapillary RNFL thick-
ness, suggesting that retinal nerve fiber degeneration and
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the damage to the CNS are simultaneous [10]. In studies in
which patients scored low on the MMSE test (Parisini et al.
and Iseri el al.), statistically significant decreases in RNFL
thickness were observed in all the quadrants [13,26]. Studies
by Berisha et al. and Paquet et al., in which patients with AD
scored high on the MMSE test, reported decreased RNFL thick-
ness only in the superior quadrants, postulating this to be the
location of early retinal damage in patients with AD [14,27].

AD and POAG are multifactorial, chronic, and age-related neu-
rodegenerative diseases. It is important to note that the op-
tic nerve and retina develop as a direct extension of the dien-
cephalon during the embryonic development stage; therefore,
abnormalities that occur in the CNS in the case of AD can
also be observed at the fundus of the eye [28]. It is believed
that nerve cell damage may have a common pathogenesis, so
the topics of common risk factors and mediators responsible
for the emergence and development of AD and POAG are in-
creasingly raised [29]. Yoneda et al. [30], in their investigation
of the pathogenesis of glaucoma, identified a significant de-
crease in AP as well as an increase in the abnormal tau protein
in the vitreous humor. Similar changes in the amount of these
proteins occur in the cerebrospinal fluid (CSF) of people with
AD [31]. McKinnon et al., in an animal models study, suggested
that the cause of retinal ganglion cells (RGC) death in patients
with ocular hypertension may be chronic neurotoxicity due to
AB induced by increased of IOP, which at the molecular level
resembles AD [32]. These results support the hypothesis that
neurodegenerative changes in the eye with glaucoma may have
the same pathogenesis as in the case of AD. In addition to spe-
cific neuropathological changes caused by abnormal proteins,
impairment of vascular are also strictly associated neurodegen-
erative diseases [33]. The most important modifiable risk fac-
tor contributing to the development and progression of AD and
POAG is a high-level of blood pressure variability (BPV) [34-37].
Lattanzi et al. conducted a study that evaluated visit-to-visit BPV
in a cohort of patients with AD and healthy controls, finding
that AD patients had significantly higher-level BPV compared
with age-matched cognitive normal controls, which also con-
firms the influence of BPV on the pathogenesis and progres-
sion of AD [38]. In a postmortem study of 291 brains, signifi-
cantly fewer neuritic plaques and neurofibrillary tangles were
found in the group of people with treated hypertension than in
the nonhypertensive group, suggesting that antihypertensive
agents may interfere with AD-associated neuropathology [39].
Research results also suggest that reducing BPV by antihyper-
tensive therapy can effectively decrease the risk and delay the
development of cognitive impairment [40,41]. Similarly, ob-
structive sleep apnea syndrome and impairment of cerebro-
vascular reactivity are other equally important risk factors for
the occurrence and progression of glaucomatous neuropathy
and dementia [42-46]. BPV, obstructive sleep apnea syndrome,
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and impaired cerebrovascular reactivity are vascular risk fac-
tors resulting in impaired blood flow in the form of ischemia-
reperfusion injury. Death of nerve cells via apoptosis occurs as
a result of metabolic disturbances, impaired retrograde trans-
port of neurotrophins, increased vascular permeability, oxidative
stress, and increased inflammatory cytokine synthesis [47-50].

In AD and POAG, we deal with axonal damage in the retina.
A review of publications available in PubMed showed that only
Eraslan et al. compared peripapillary RNFL thickness in nor-
mal tension glaucoma (NTG) patients with AD patients and the
control group [51]. Contrary to our analysis, the result of that
study did not show statistically significant differences in RNFL
thickness of patients diagnosed with glaucoma and those with
AD (p>0.05). Research to date has not assessed the correlation
of changes in RNFL thickness in patients with AD and individ-
uals diagnosed with glaucoma despite the absence of losses
in the visual field. Our data indicate that there are no signif-
icant differences in BCVA, IOP, and peripapillary RNFL thick-
ness among the groups of AD patients and patients with PPG.
We believe that this may lead to the misdiagnosis of PPG in
patients who in fact suffer from dementia.

Thinning of RNFL is also observed in other neurological dis-
eases, such as Parkinson’s disease [52-54], multiple scle-
rosis, dementia with Lewy bodies [55], inflammation of the
optic nerve [56], and migraines [57]. Further research is nec-
essary to find a biomarker specific for Alzheimer’s disease. In
vivo imaging of extracellular amyloid deposits in retina lay-
ers is emerging as the most appropriate way to achieve this.
Maya Koronyo-Hamaoui et al. identified post mortem A de-
posits in the retina of patients with suspected or diagnosed
AD, and the image corresponded with the histological brain
examination [58].

Conclusions

RNFL thickness measured with OCT can be an additional diag-
nostic tool for AD. Analyses of RNFL thickness prove that neu-
ral damage to the CNS also involve axonal damage of the cells
in the retina. A major difficulty is to distinguish the cause of
mild reduction in RNFL thickness. This is particularly true for
glaucoma patients with no changes in the visual field. This may
result in misdiagnosis of glaucoma, unnecessary use of anti-
glaucoma eye drops, and a delayed diagnosis of AD. In cases
of decreased RNFL thickness, it seems particularly important
to pay attention to symptom suggesting dementia.
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