
ORIGINAL PAPER

Confocal scanning laser tomography of the optic nerve head
on the patients with Alzheimer’s disease compared
to glaucoma and control

Sevda Aydin Kurna • Gokcen Akar •

Ahmet Altun • Yasemin Agirman • Eren Gozke •

Tomris Sengor

Received: 11 March 2014 / Accepted: 7 September 2014 / Published online: 5 October 2014

� Springer Science+Business Media Dordrecht 2014

Abstract The purpose of this study was to evaluate

optic nerve head (ONH) differences of the patients

with Alzheimer’s disease (AD) measured by confocal

scanning laser tomography [Heidelberg Retina Tomo-

graph (HRT) III] and compare with glaucoma and

control subjects. Eighty-four patients were enrolled

into the study: 44 eyes of 24 patients with mild to

moderate AD (Group 1), 68 eyes of 35 patients with

glaucoma (Group 2), and 49 eyes of 25 heathy

volunteers as a control (Group 3). A complete

ophthalmologic examination as well as a confocal

scanning laser ophthalmoscopic assessment with HRT

III were performed on all patients. Mean values of the

ONH topographic parameters such as rim area (RA),

rim volume (RV), height variation contour, linear cup/

disc ratio, cup shape measure, and retinal nerve fiber

layer (RNFL) were recorded. Mean values of RNFL

thickness was 0.23 ± 0.07 in AD, 0.22 ± 0.09 in

glaucoma and 0.24 ± 0.07 in the control group

(p = 0.323). RA and RV were significantly lower,

and linear C/D ratio was significantly higher in the

glaucoma group when compared to AD and control

(p \ 0.05). There was no statistically significant

difference between AD and control for the optic disc

parameters tested (p [ 0.05). We observed a negative

correlation of the age with RNFL in all of the groups

(p \ 0.005). Age was the most important parameter

affecting RNFL. Our results suggest that HRT does

not demonstrate ONH differences between AD and

control group, while it successfully differentiates

glaucoma from AD and control cases of older age.

Keywords Alzheimer’s disease � Glaucoma �
Confocal scanning laser tomography � Retinal nerve

fiber layer thickness � Optic nerve head

Introduction

Alzheimer’s disease (AD) is the major cause of

dementia in the world [1]. Patients with AD demon-

strate severe deficits in memory with cortical features

of language difficulty and visuomotor spatial deficits.

Visual abnormalities have been described in AD,

which include deficits in stereopsis, color vision,

contrast sensitivity, and motion detection [1, 2].

Glaucoma is characterized by a chronic, slowly

progressive loss of retinal ganglion cells and their

neurons. The disease is associated with remodeling of
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the optic nerve head (ONH) and the retina leading to

the major clinical signs: characteristic ONH cupping

and visual field defects [3]. A possible relationship

between glaucoma and AD has been suggested,

because there are similarities in the process leading

to retinal ganglion cell death in both diseases [4–9].

As the retina shares many features with the brain, it

may provide an easily accessible and non-invasive

way of examining pathology in the brain. The

application of imaging technologies such as optical

coherence tomography has gained popularity recently

in neuro-ophthalmology. Thinning of the peripapillary

retinal nerve fiber layer (RNFL) has been detected in

patients with optic neuritis, multiple sclerosis, neuro-

myelitis optica, AD, and Parkinson’s disease [10–12].

Findings that indicate loss of retinal ganglion cells

may reflect neurodegenerative change in the brain in

these conditions. That is why it is considered that

RNFL thickness may be used as a biological marker

[13–15].

Heidelberg Retina Tomograph (HRT, Heidelberg

Engineering GmBH, Heidelberg, Germany) is a

confocal scanning laser ophthalmoscope that provides

quantitative, objective, and highly reproducible

3-dimensional images of the ONH, and the combina-

tion of disc parameters can discriminate between the

glaucomatous and the healthy optic discs with rea-

sonable sensitivity and specificity [16, 17]. As glau-

coma is a frequently established cause of peripapillary

nerve fiber loss in the older age group, it may be useful

to discriminate the optic nerve findings between

glaucoma and AD. In this study, our aim was to

evaluate ONH differences of the patients with AD-

type dementia measured with HRT and compare with

glaucoma, and control subjects.

Materials and methods

Eighty-four patients were enrolled into this cross-

sectional study: 44 eyes of 24 patients with mild to

moderate AD (Group 1), 68 eyes of 35 patients with

glaucoma (Group 2), and 49 eyes of 25 heathy

volunteers as a control (Group 3). Group 1 was

constituted from the patients who met the criteria for

the diagnosis of AD according to diagnostic and

statistical manual of mental disorders, 4th edition [18].

Cognitive decline and severity of dementia was

defined by a range of scores on the mini-mental state

examination (MMSE) as mild (MMSE scores between

20 and 24) and moderate (MMSE scores between 11

and 19) [18]. Group 2 was constituted from the

patients attending to the glaucoma section in our

clinic. All patients in Group 2 were using antiglauco-

matous medication during the study. Each patient

provided written informed consent; the study followed

principles in the Declaration of Helsinki and was

approved by the ethics committee.

Detailed neurological tests were made for the

patients in Group 1. Patients with ocular diseases

and systemic disorders affecting vision, previous

history of diabetes, optic neuritis, or cranial disease

effecting visual pathways were excluded. During the

ophthalmic examination, all subjects had measure-

ment of best-corrected visual acuity (BCVA) per-

formed by Snellen charts, slit-lamp examination,

applanation tonometry, gonioscopy, and fundus exam-

ination before HRT testing.

ONH was imaged with HRT III. The screenings

were made with 15 9 15� angle and 50-lm reference

plane. The device acquired a series of 64 consecutive,

384 9 384 pixel resolution images and produced a

single topographic image. Before image acquisition,

refractive error and keratometry readings were

obtained and entered into the HRT III software to

help correction of magnification errors. After the

screening, optic disc contour line was marked and

drawn at mean 5–6 points, and optic disc topographic

assays were done with the image analysis program. All

study participants underwent HRT III tests obtained

through undilated eyes by two ophthalmologists and

only recordings that had topographic standard devia-

tion (SD) of less than 30 lm were included. All

recordings were analyzed using HRT III software

version 2.0.1. Rim area (RA), rim volume (RV), linear

cup/disc (linear C/D) ratio, mean RNFL thickness, cup

shape measure (CSM), and height variation contour

(HVC) values were recorded for each case. Software

analysis programs of Moorfields regression analysis

and glaucoma probability scores (GPS) were used for

classification of eyes as normal, borderline, or

abnormal.

Statistical analyses were made with number

cruncher statistical system (NCSS) 2007 and power

analysis and sample size (PASS) 2008 Statistical

Software (Utah, USA) program on the computer.

When evaluating the parameters other than definitive

statistical methods (mean, median, SD, ratio) One-
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way ANOVA test and Tukey HSD, Kruskal–Wallis

and Mann–Whiney U tests, Pearson v2 test, and Yates

continuity correction were used for the comparison of

the groups. Spearman rank and linear regression

analysis (Pearson’s test) were used to evaluate the

correlations. Data were expressed as mean ± SD.

Results were evaluated at p \ 0.05 significance level.

Results

Characteristics of the patients [age, mean values for

BCVA, intraocular pressure (IOP), and gender]

according to the groups are shown in Table 1. There

was a statistically significant difference for age

between the groups. The mean age of the glaucoma

group was significantly younger than AD group

(p = 0.001) but no difference was observed between

AD and control (p = 0.153) or glaucoma and control

groups (p = 0.052). There was no significant differ-

ence between the groups for the gender (p = 0.395).

The mean BCVA in AD group was significantly lower

compared to glaucoma group (p = 0.044). IOP was

significantly higher in the glaucoma compared to AD

and control groups (p = 0.001).

Glaucoma subjects mean automatic full threshold

perimetry (30/2 Humphrey) mean deviation (MD) was

7.76 ± 8.8, and pattern standard deviation (PSD) was

4.84 ± 2.9. Glaucoma stage was defined as 66.2 %

mild, 12.1 % moderate, and 21.6 % severe according

to the visual field defects with the Hodapp-Parrish-

Anderson method in the glaucoma patients [19].

HRT III parameters according to the groups are

shown in Table 2. Mean values of RA were

1.53 ± 0.33 mm2 in AD group, 1.32 ± 0.44 mm2 in

glaucoma group, and 1.62 ± 0.34 mm2 in control

group (p = 0.001). RV values were 0.42 ± 0.15 mm3

in AD group, 0.34 ± 0.17 mm3 in glaucoma group,

and 0.45 ± 0.19 mm3 in control group (p = 0.004).

RA and RV were significantly lower in glaucoma

group when compared with AD (p = 0.017,

p = 0.036) and control groups (p = 0.001,

p = 0.013). And there was no statistically significant

difference for RA and RV between AD and glaucoma

groups (p = 0.514, p = 0.654). Mean values of HVC

were 0.34 ± 0.09 in AD, 0.40 ± 0.15 in glaucoma,

and 0.39 ± 0.11 in control group. There was no

statistically significant difference in the mean values

of HVC between the groups (p = 0.585). Mean values

of RNFL thickness were 0.23 ± 0.07 mm in AD,

0.22 ± 0.09 mm in glaucoma, and 0.24 ± 0.07 in

control group (p = 0.323). There was no statistically

significant difference in mean values of RNFL thick-

ness between the groups (p [ 0.05). Mean values of

Table 1 Age, gender, IOP

and BCVA min–max,

mean, and SD values

according to the groups

* p \ 0.05; ** p \ 0.01
a One-way ANOVA
b Pearson v2 test
c Yates continuity

correction
d Post hoc Tukey HSD test

Alzheimer1 Glaucoma2 Control3 pa Post hoc pd

Age

Mean 71.51 63.9 68.06 0.001** 2 \ 1; p = 0.001**

2–3; p = 0.052

1–3; p = 0.153

SD 8.83 9.0 9.85

Min–max 52–87 40–80 55–90

Visual acuity

Mean 0.81 0.90 0.91 0.81 1 \ 2; p = 0.044*

1–3; p = 0.054;

2–3; p = 0.990

SD 0.22 0.21 0.13

Min–max 0.04–1.00 0.05–1.00 0.50–1.00

IOP

Mean 14.83 17.72 14.51 0.001** 1 \ 2; p = 0.001**

1–3; p = 0.892

3 \ 2; p = 0.001**

SD 2.55 4.25 2.13

Min–max 10–20 10–38 9–19

n (%) n (%) n (%) pb pc

Gender

Male 8 (33) 16 (45) 11 (43) 0.395 1–2; p = 0.181

1–3; p = 0.337

2–3; p = 0.759

Female 16 (67) 19 (55) 14 (57)
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linear C/D ratio were 0.42 ± 0.14 in AD, 0.52 ± 0.22

in glaucoma, and 0.36 ± 0.18 in control groups

(p = 0.002). Linear C/D ratio was significantly higher

in glaucoma group when compared with AD

(p = 0.022) and control groups (p = 0.001). There

was no statistically significant difference in the mean

values of linear C/D ratio between AD and control

groups (p = 0.194). Mean values of CSM were

-0.16 ± 0.06 in AD, -0.14 ± 0.09 in glaucoma,

and -0.18 ± 0.07 in control groups (p = 0.021).

Mean values of CSM were significantly higher in the

glaucoma when compared with control group

(p = 0.007). There was no statistically significant

difference in mean values of CSM between AD and

glaucoma (p = 0.227) or AD and control groups

(p = 0.130).

During the Moorfields analysis, abnormal result

ratios (outside normal) were 4.1 % for AD, 37.8 % for

glaucoma, and 0 % for control group (p = 0.001).

When borderline results were included to outside

normal results, they were 14.5 % for AD, 51.3 % for

glaucoma, and 6.6 % for control groups (p = 0.001).

Table 2 HRT parameters of RA, RV, HVC, RNFL, linear C/D and CSM mean/median, SD, and min–max values according to the

groups

Alzheimer1 Glaucoma2 Control3 p Post hoc p

RIM/area

Mean 1.53 1.32 1.62 0.001**,b 2 \ 1c; p = 0.017*

1–3c; p = 0.514

2 \ 3c; p = 0.001**

SD 0.33 0.44 0.34

Min–max 1.00–2.32 0.36–2.61 0.98–2.66

RIM/volume

Mean 0.42 0.34 0.45 0.021*,a 2 \ 1d; p = 0.036*

1–3d; p = 0.654

2 \ 3d; p = 0.013*

SD 0.15 0.17 0.19

Min–max 0.14–0.91 0.03–0.87 0.19–0.99

Median 0.39 0.34 0.40

HVC

Mean 0.34 0.40 0.39 0.585b 1–2c; p = 0.584

1–3c; p = 0.696

2–3c; p = 0.992

SD 0.09 0.15 0.11

Min–max 0.20–0.58 0.18–1.19 0.16–0.69

RNFL

Mean 0.23 0.22 0.24 0.323b 1–2c; p = 0.525

1–3c; p = 0.964

2–3c; p = 0.345

SD 0.07 0.09 0.07

Min–max 0.07–0.39 -0.12–0.40 0.11–0.50

Linear C/D

Mean 0.42 0.52 0.36 0.002**,a 1 \ 2d; p = 0.022

1–3d; p = 0.194

3 \ 2d; p = 0.001**

SD 0.14 0.22 0.18

Min–max 0.12–0.67 0.01–0.91 0.01–0.65

Medyan 0.45 0.53 0.42

CSM

Ortalama -0.16 -0.14 -0.18 0.021*,a 1–2d; p = 0.227

1–3d; p = 0.130

3 \ 2d; p = 0.007**

Standard sapma 0.06 0.09 0.07

Min–max -0.31to-0.07 -0.34–0.11 -0.34–0.00

Medyan -0.16 -0.15 -0.18

* p \ 0.05; ** p \ 0.01
a Kruskall Wallis
b One-way ANOVA
c Post hoc Tukey HSD test
d Mann–Whitney U test
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GPS analysis abnormal result ratios (outside nor-

mal) was 16.6 % for AD, 39.1 % for glaucoma, and

6.6 % for control groups (p = 0.001). When border-

line GPS results were included to outside normal

results, they were 41.6 % for AD, 71.4 % for

glaucoma, and 33.3 % for control groups (p = 0.001).

When we evaluated the correlation of the age with

the HRT parameters we tested, we observed a negative

correlation of the age with RNLF in the AD group

(r = -0.351, p = 0.026), glaucoma group (r =

-0.357, p = 0.003), and control group (r = -0.448,

p = 0.002). We observed no significant correlation of

age with RA, HVC, linear C/D, or CSM (p [ 0.05)

(Table 3).

MMSE value of the patients in AD group was

21.91 ± 3.27. Sixteen patients were defined as mild

AD, and eight patients were defined as moderate AD.

We examined the correlation between MMSE and

HRT III parameters (RA, RV, linear C/D, CSM, HVC,

RNFL) in the AD patients. We did not observe a

significant correlation between the HRT III parameters

and MMSE (p [ 0.05). When we compared mild and

moderate AD patients, no significant difference was

observed for the HRT parameters tested (p [ 0.05).

Discussion

AD is a chronic disorder characterized by a progres-

sive decline in cognitive functions [20].

Histological examinations of postmortem retinas

and optic nerves have suggested that retinal ganglion

cells and their axons atrophy and die in AD [21–23].

Similar to idiopathic glaucoma, large axons were

generally reported to be lost preferentially in AD

[21–24]. The presence of optic neuropathy was

recently confirmed in the optic nerves of the patients

with AD by demonstrating greatly reduced immuno-

staining for neurofilament protein as compared to

controls, which is interpreted as a large loss of axons

[25]. Some authors suggest that optic nerve degener-

ation is not a feature of AD and the visual deficits in

the disease result from cortical dysfunction [26].

Optic nerve degeneration presents clinically in

patients with mild to moderate AD as impaired visual

acuity [8], poor contrast sensitivity [27], and color

vision deficiencies [28]. In patients with the early

stages of AD and normal routine ophthalmological

examination results, dysfunction of the pattern elec-

troretinogram, and pattern visual evoked potential tests

has been observed, indicating the presence of dysfunc-

tions of retinal ganglion cells and optic nerve [10, 29].

In our study, the mean BCVA was significantly lower

in Group 1 (AD group) when compared to Group 2

(Glaucoma group) (p = 0.044), while we observed no

significant difference between Group 1 and Group 3

(Control group). As Group 2 (63.9 ± 9 years) are

younger than Group 1 (71.51 ± 8. 83 years) in the

present study, trace cataracts which is common in the

aged population may be responsible for this difference.

It has been hypothesized that there might be a

causal relationship between AD and glaucoma that

may be explained by decreased cerebrospinal fluid

pressure (CSFP). An abnormal high trans-lamina

cribrosa pressure difference, whether the result of

elevated IOP, reduced CSFP, or both, is considered to

play an important role in glaucomatous optic nerve

damage. It was also reported that a substantial

proportion of AD patients has very low CSFP which

may explain how the nerves of AD in general might

have differed from controls [30].

Table 3 Correlation of age with HRT parameters of RA, RV,

HVC, RNFL, linear C/D, and CSM according to the groups

Alzhemier1 Glaucoma2 Control3

Age-rim areaa

r -0.044 -0.186 -0.025

p 0.789 0.136 0.869

Age-rim volumeb

r -0.081 -0.201 -0.340

p 0.623 0.105 0.019*

Age-HVCa

r -0.046 -0.049 -0.098

p 0.782 0.697 0.510

Age-RNFLa

r -0.351 -0.357 -0.448

p 0.026* 0.003** 0.002**

Age-linear C/Db

r 0.078 -0.046 -0.205

p 0.637 0.717 0.204

Age-CSMb

r -0.095 0.156 0.167

p 0.565 0.212 0.262

* p \ 0.05; ** p \ 0.01
a r = Pearson correlation
b r = Spearman correlation
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Recent technical advancements prompted a still

ongoing systematic re-investigation of retinal and

optic nerve involvement in neurodegenerative disor-

ders. Three technologies for imaging the optic disc and

RNFL used in the literature are (1) confocal scanning

laser tomography with the HRT; (2) confocal scanning

laser polarimetry with the GDx VCC; and (3) optical

coherence tomography with time domain OCT or

spectral domain OCT. Each uses different principles

of physics for the analysis of optic nerve, RNFL, and

macula [31]. We used the HRT III to measure ONH

parameters because it is specific for glaucoma. Optic

nerve topographic changes and structural damage

from glaucoma detected with confocal laser image

analysis were evaluated in many previous studies, and

optic disc HRT parameter values of cup area, RA, and

C/D ratio were found to change in patients converting

to early glaucoma [32, 33]. HRT has also been

demonstrated to be successful in detecting function-

ally relevant changes in RNFL thickness and neurore-

tinal RV in neuro-ophthalmologic diseases such as

optic neuritis and multiple sclerosis [34, 35].

Conflicting reports have emerged about the ONH

parameters in AD patients with different instruments.

Danesh-Meyer et al. demonstrated a reduction in the

number of optic nerve fibers in patients with AD, with

a threefold greater odds ratio for a larger optic C/D

ratio in patients with AD [36]. They compared the

ONH of 40 patients with AD and of 50 age- and sex-

matched controls both by scanning laser ophthalmos-

copy (SLO) and by clinical funduscopy. Patients and

controls differed in mean vertical C/D ratio, RV, RA,

and RNFL thickness. On the other hand, Kergoat and

colleagues [37] failed to find differences in the ONH

parameters between early stages of AD and age-

matched subjects measured with HRT.

Berisha et al. have reported the only study evalu-

ating the localized RNFL changes and ONH parame-

ters using Stratus OCT in patients with early glaucoma

(mean age: 71), AD (mean age: 76), and age-matched

control participants (mean age: 72) [38]. Their glau-

coma patients showed significantly increased vertical

and horizontal C/D ratios compared with both AD

patients and controls (p \ 0.01). No significant differ-

ences in the ONH parameters were found between AD

patients and healthy controls. The average RNFL

thickness values were 80.7 ± 7.0 lm in glaucoma,

83.2 ± 13.6 lm in AD, and 93.8 ± 9.3 lm in con-

trols. The differences did not reach the level of

statistical significance. However, when RNFL thick-

ness was evaluated in the separate quadrants, a

significant thinning was found at the superior quadrant

in AD patients compared with glaucoma and control

subjects. RNFL thickness at the inferior quadrant in

glaucoma patients was significantly reduced compared

with both AD patients and controls. In our study, there

was no statistically significant difference between

Group 1 (AD group) and Group 3 (Control group) for

the optic-to-disc parameters: mean vertical CDR (0.42

for AD to 0.36 for control), RV (0.42 for AD to 0.45 for

control), RA (1.53 for AD to 1.62 for control), and

RNFL thickness (0.23 for AD to 0.24 for control)

(p [ 0.05). RA and RV were significantly lower, and

linear C/D ratio was significantly higher in Group 2

(Glaucoma group) when compared with Group 1 and

Group 3 (p \ 0.05). Our ONH parameters other than

segmental RNFL differences were similar to the

findings of Berisha et al.

There are a few reports measuring RNFL with OCT

in AD patients which may have advantages in their

ability to measure RNFL directly. Parisi et al. found a

significant reduction in RNFL thickness in mild AD

(with the age range of 63–77) using a Stratus OCT

[39]. In another study, Parisi reported that the patients

affected by ocular hypertension, glaucoma, demyelin-

ating optic neuritis, and AD have a reduction of RNFL

thickness evaluated by OCT, and this morphological

involvement is correlated with electrophysiological

responses assumed to be originating from the inner-

most retinal layers [10]. Iseri et al. measured RNFL

thickness, macular thickness, and macular volume

with OCT and cognitive impairment through the

MMSE [40]. They observed a reduction of parapap-

illary and macular RNFL thickness and macular

volume in the patients with AD which was related to

the severity of cognitive impairment. He et al. inves-

tigated the RNFL thickness measured with Stratus

OCT between AD patients and age–sex-matched

control groups in a meta-analysis including seven

studies [41]. Their meta-analysis showed that in AD

patients, there was a significant RNFL thickness

reduction in all quadrants compared with the healthy

control group. Kirbas et al. [42] Investigated RNFL

thickness in patients with early untreated AD (mean

age was 69.3 ± 4.9 years) and healthy controls (mean

age was 68.9 ± 5.1 years) using spectral domain

OCT. The average RNFL thickness was significantly

less in the AD patients than in controls with a selective
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thinning in the superior quadrant on the AD patients.

On the other hand, Kergoat et al. has found no

differences in RNFL thickness between AD and

healthy subjects using scanning laser polarimetry.

The regional distribution of RNFL thickness was

similar between the two test groups in their study [43].

In our study, global RNFL thicknesses were

0.23 ± 0.07 in Group 1, 0.22 ± 0.09 in Group 2,

and 0.24 ± 0.07 in Group 3 (p = 0.323). There was

no statistically significant difference in mean values of

RNFL thickness between groups (p C 0.05). We

analyzed global RNFL and not segments during this

study while the papers with OCT mostly broke down

the retina into periphery, central, superior, inferior,

temporal, and nasal, and some authors observed

mostly superior quadrant differences [37, 38].

Our results in the Group 1 were different from the

previous studies with OCT but similar to Kergoat’s

studies with HRT and scanning laser polarimetry [37,

43]. The HRT differs significantly from OCT used in

other publications finding decreases in RNFL. It has

differences both in technical aspects and analysis/

algorithms. HRT employs confocal scanning diode

technology to provide topographical measures of the

optic disc and peripapillary retina. The technology

provides information such as cup surface area and

volume, RV, and C/D ratio. The RNFL thickness

measurement is calculated indirectly using the mean

HVC measurements relative to an individual-based

reference plane. However, OCT can both image the

ONH and determine directly the RNFL thickness. In

ONH scans, the OCT machine automatically defines the

disc margin as the place where the retinal pigment

epithelium ends. RNFL thickness is measured by the

difference in temporal delay of back-scattered light

from the RNFL and a reference beam [44]. Studies also

differ in the region observed and retina may tend to show

more differences than disc itself. The number of the

subjects and the severity of the dementia also vary. We

think that these technical and regional differences may

be responsible for the different results for RNFL in AD.

The RNFL seemed to be involved early during the

course of mild cognitive impairment (MCI) which

may represent a transition to early AD [45]. Paquet

et al. have demonstrated that RNFL thickness was

reduced in patients with MCI, mild AD, or moderate to

severe AD compared to controls with no statistical

difference between the results in MCI patients and

mild AD patients [46]. In our study, we did not observe

a significant correlation between the HRT III param-

eters and MMSE (p [ 0.05);

HRT is a structural test, which requires less cooper-

ation from the subjects than do functional examinations

[47]. The use of HRT offers an advantage of using its

automated software scoring systems, GPS, and Moor-

fields regression analysis. In our study, Moorfields

analysis abnormal result ratios (outside normal) wereas

4.1 % for Group 1, 37.8 % for Group 2, and 0 % for

Group 3 (p = 0.001), while they were 16.6 % for Group

1, 39.1 % for Group 2, and 6.6 % for Group 3 during

GPS analysis (p = 0.001). According to this, software

scoring systems seem to be sensitive to discriminate

Group 1 and Group 3 from Group 2.

Duration and severity of AD and most importantly

age probably affect optic nerve findings. Studies

reported a decline in peripapillary RNFL thickness

with age [48]. Older age has been found to be

independently associated with a greater cup, smaller

rim, and thinner RNFL when measured by HRT [49].

Supportingly in our study, we observed a negative

correlation of the age with RV (only in controls) and

RNFL in all of the groups (p \ 0.05).

In conclusion, we examined optic disc parameters

of the subjects with AD measured with the HRT III

and compared the findings with glaucoma and control

eyes. We found that subjects with AD presented with

no difference for RNFL thickness compared to

glaucoma and age-matched control cases. Age was

the most important parameter affecting RNFL.

Although research in the retina and optic nerve offers

many advantages over the brain in terms of cost, time,

and analytical methods, our results suggest that HRT

does not demonstrate ONH differences between age-

related neurodegenerative diseases like AD and con-

trol groups, while it is successful in the differentiation

of glaucoma from AD and control cases of older age.
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