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Abstract 

 
The aim of this study was to compare mean retinal nerve fiber layer thickness (MRNFLT) 
in cases with mild cognitive impairment (MCI) and mild and moderate Alzheimer type de-
mentia (ATD) with normal individuals. We evaluated 54 eyes of 27 patients with the diagno-
sis of mild and moderate ATD and MCI and 32 eyes of 16 people, as control group who are 
compatible with the other age group. Diagnosis of ATD was made according to Diagnostic 
and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) and diagnosis of MCI 
was made according to Petersen criteria. Mini mental state examination (MMSE) was ap-
plied to patient and control group. There was no significantly difference in terms of age and 
gender between groups. MRNFLT were significantly decreased in MCI group than control 
group. In general patient group MRNFLT levels were not significantly lower than the con-
trol group, but general trend was a decrease direction. Correlation was not detected be-
tween cognitive decline and MRNFLT loss degree. Statistically significant difference was not 
observed in MRNLFT values, between MCI, mild and moderate ATD patient groups. 
RNFLT measurement with HRT is an easy method which may be useful to show the retinal 
effects of the disease in patients with MCI and mild and moderate Alzheimer type dementia. 
Our data show that; RNFLT is reduced in patients with MCI. However, the increase in the 
severity of cognitive decline does not effect on RNFLT. 
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Introduction 
 
Dementia refers to a general loss in cognitive functions. 
In degenerative dementia, a progressive deterioration in 
cognition, and functionality is observed. Alzheimer- type 
dementia (ATD) is the most frequently seen type of 
dementia, a progressive neurodegenerative disease, 
resulting in deterioration in cognitive functions, decrease 
in the daily living activities, behavioural, and psychologic 
disorders [1]. 

 
Mild cognitive ımpairment (MCI) is defined as a clinical 
state between normal aging, and ATD characterized by 
mild memory decline, but preservation of other cognitive 
functions, and maintenance of daily living activities.  This 
syndrome may be considered as an early stage of ATD. 
Although, these people experience episodes of amnesia 
more frequently than expected from their age, still 

diagnostic criteria of ATD are not met. Nowadays, people 
diagnosed as MCI are believed to have a higher risk of 
suffering from ATD [2]. Terminologically, ATD refers to 
a clinical diagnosis. However, definition of Alzheimer’s 
disease  (AH) includes histopathologically confirmed 
cases.  

 
As patient ages cognitive, and visual functions decline, 
and daily living activities are impaired. Studies performed 
up to now have linked decline in visual functions in ATD, 
to degenerative changes in primary visual cortex. Besides, 
some studies have demonstrated loss of retinal ganglion 
cells, and their axons as an evidence of precortical 
involvement [3]. 
 
Heidelberg retinal tomography test (HRT) is a 
noninvasive, immediately, and easily applicable modality 
which measures amplitudes of laser beams sent to the 
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optic disc, and retina surface which back scatter from 
these tissues to the device   [4]. 
In this study, our aim was to measure retinal nerve fiber 
layer thickness (RNFLT) using HRT in patients 
diagnosed as ATD, and MCI, and compare the values 
obtained with those of the normal subjects.  

 
Materials and Methods 
 
We evaluated 54 eyes of a total of 27 patients (10 men, 
and 17 women)  with established diagnoses of ATD, and 
MCI based on DSM -IV (Diagnostic and Statistical 
Manual of Mental Disorders, 4th edition) , and Peterson’s 
MCI criteria, respectively [5, 6, 7, 8]. Mini-mental state 
test (MMSE) was used to evaluate cognitive decline. The 
patients were evaluated, and categorized in 3 groups 
based on MMSE scores as MCI (n=11; 25-27 pts), mild 
(n=9; 20-24 pts), and moderate (n=7; 19-11 pts) ATD. As 
a control group, 32 eyes of 16 healthy (9 men, and 7 
women)  participants with MMSE scores of 30 pts were 
included in the study. During the selection process of the 
patient, and the control groups, cases with ocular disease, 
and systemic diseases which might affect visual functions 
were excluded from the study.  

 
All cases underwent detailed neurological examinations. 
Their routine laboratory tests, and cranial magnetic 
resonance imagings (MRI) were evaluated. Patients with 
metabolic, nutritional, and alcoholism –related diseases, 
psychiatric diseases, and other neurological disorders 
were excluded from the study. An opthalmologist 
performed visual acuity, refraction, ocular motility, 
pupillar, and fundal tests, and evaluated intraocular 
pressure (IOP). Visual acuities of all cases were over 5/10 
dioptres with IOPs lower than 22 mm Hg. Cases with 
macular degeneration, glaucoma, and cataract were not 
included in the study. 

 
Optical nerve head analysis was conducted using a 
confocal scanning laser opthalmoscope [Heidelberg 
Retina Tomograph 3 (HRT 3, Heidelberg Engineering 
GmbH 69221 Dossenheim Germany)]. Preprocedural 
midriasis was not induced. During scanning, lens of the 
camera was adjusted so that the blue bars were set at 
maximal or nearly maximal luminance in order to obtain a 
clear image of the retinal vasculature.  

 
Scanning was performed at an angle of 15 x 15o on a 
reference plane of 50 microns. The device yielded 64 
successive images with a higher spatial resolution of were 
performed using an image analysis program. Standard 
printouts of the HRT were obtained, and mean RNLT was 
recorded in millimetres. Incomplaint patients were 
excluded from the study. 
 

Table 1. Comparative demographic data in the patient 
and control group 

 
Statistical analysis 
Statistical analysis was performed using an SPSS 18.0.0 
package program. For the evaluation of data, descriptive 
statistical methods (mean, standard deviation), and for 
intergroup comparisons Kruskal Wallis, and Mann 
Whiney U tests were used. P< 0.05 was considered as the 
level of significance. 

 
Results 
 
Mean RNFLT values of 16 healthy persons (32 eyes), and 
a total of 27 patients (54 eyes) evaluated as having 
diagnoses of MCI (n=11), mild (n=9) , and moderate 
(n=7) ATD were measured. Mean ages of the patient, and 
the control groups were 71,9 ± 8,7, and 70,6 ± 3,1 years 
of age. The patient group consisted of 17 females, and 10 
males, while the control group comprised of 7 women, 
and 9 men. Comparative demographic data in the patient, 
and the control groups were summarized in Table 1.  A 
significant difference was not detected between the 
patient, and the control groups as for gender, and ages of 
the study participants. 
 
Difference between mean RNFLT values of the MCI, and 
the control groups was more prominent than that observed 
in comparisons between mild, and moderate ATD, and 
the control groups (Figure 2). Table 3 contains p values 
obtained as a result of comparisons between the control, 
and the patient groups.  When all groups were evaluated 
in combination, a statistically significant difference 
between RNFLT values was not detected.  Regarding 
RNFLT, in intergroup comparisons, a statistically 
significant difference was not observed between ATD 
groups combined (mild, and moderate), and the control 
group. (p>0.05). However mean RNFLT value of the 
MCI group was found to be statistically significantly 
lower than that of the control group (p=0.02).  
 
P values estimated as a result of comparisons between 
RNFLT values are shown in Table 4. Values displayed in 
the Table indicate absence of any statistically significant 
difference between patient groups as for RNFLT values 
(p>0.05). 

Gender  Age 
Mean±SD Women Men 

 

Total 
 

Patient 
Group 

71,93±8,78 
(52-87) 

17 (% 63) 10(% 37) 27 

Control 
Group 

70,6±3,16 
(65-77) 

7 (% 44) 
 

9 (% 56) 16 
 

P 0,505             0,226  
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384x384 pixels, saved them on the hard drive, and 
computed a single topographic image from this series. 
After the scanning procedure, the same physician drew 
the contour line of the optic disc margin for all cases by 
marking an average of 5-6 points on the external edge of 
the disc border, and optic disc topographic measurements 

Demographic data of the groups with MCI, mild, and 
moderate ATD were summarized in Table 2. Any 
statistically significant difference was not found between 
patient groups as for gender, and ages of the participants 
(p>0.05). Mean MMSE scores of the patient groups are 
shown in Figure 1. 
 

Table 2. Demographic data of the groups with MCI, mild and moderate ATD and control group 
 

 
MCI: Mild cognitive impairment 
ATD: Alzheimer type dementia 
MMSE: Mini mental state examination 
 
 

Table 3. Mean retinal nerve fiber layer thickness (MRNFLT) values in the patient and control groups 
 

 
MRNFLT (milimeter-mm) 

 
P 
 

Groups Mean± SD (min-max) Mann Whitney U Kruskal-Wallis 
Total patient group 0,24 ± 0,07 (0,06 - 0,39) 0,087 
MCI 0,21 ± 0,06 (0,07 - 0,34) 0,020 
Mild ATD 0,24 ± 0,07 (0,1 - 0,39) 0,329 
Moderate ATD 0,26 ± 0,09 (0,06 - 0,39) 0,820 
Control 0,27 ± 0,07 (0,18 - 0,50) - 

    0,090 

 
MCI: Mild cognitive impairment 
ATD: Alzheimer type dementia  
MRNFLT: Mean retinal nerve fiber layer thickness 
 

Table 4. Comparative mean retinal nerve fiber layer thickness (MRNFLT) values of the patient groups 
 

MCI: Mild cognitive impairment 
ATD: Alzheimer type dementia 
MRNFLT:  Mean retinal nerve fiber layer thickness 
 

 MCI Mild ATD Moderate ATD Control Group p 

 
Age 
Mean ± SD 
(range) 

 
70,6 ± 9,00 
(52-80) 

 
72,3 ± 9,76 
(55-87) 

 
73,4 ± 8,14 
(64-85) 

 
70,6 ± 3,16 
(65-72) 

 
0,905 

 
Gender 
W/M 

 
7/4 

 
5/4 

 
5/2 

 
7/9 

 
0,601 

 
MMSE 
Mean ± SD 
(range) 

 
25,9 ± 0,54 
(25-27) 

 
22,2 ± 1,64 
(20-24) 

 
17,4 ± 1,99 
(15-19) 

 
30 

 
0,000 

Comparative groups MRNFLT values P 
MCI / Mild ATD 0,21±0,06 / 0,24±0,07 0,152 
MCI / Moderate ATD 0,21±0,06 / 0,26±0,09 0,085 
Mild ATD / Moderate ATD 0,24±0,07 / 0,26±0,09 0,606 
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Figure 1.  Mean MMSE scores of the patient groups 

MCI: Mild cognitive impairment; ATD: Alzheimer type dementia; MMSE: Mini mental state examination 
 

 

       Figure 2.  Difference between mean retinal nerve fiber layer thickness (RNFLT) values of the patient and the 
       control groups (milimeter-mm) 

         MCI: Mild cognitive impairment; ATD: Alzheimer type dementia; MMSE: Mini mental state examination; 
     RNFLT: Retinal nerve fiber layer thickness 

 
Discussion 
 
Several studies have attributed visual decline to the 
degeneration of primary visual cortex, and higher cortical  
levels [3, 9, 10]. Still, some studies have indicated loss of 
retinal ganglion cells, and axons as an evidence of 
precortical involvement. However, special, up-to-date 

imaging techniques (optical coherence tomography-OCT, 
laser polarimetry, pattern electroretinogram-PERG, HRT) 
have also sustained contradictory opinions.   
 
Iseri et al. measured RNFLT using OCT in cases with 
ATD, and detected significant decreases in RNFLT 
relative to the control group.   They also revealed a 
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correlation between the decrease in macular volume, and 
degree of the cognitive decline [11].  
 
Characteristic findings of cortical degeneration in 
Alzheimer’s disease are especially seen in the areas of 
visual association. Histopathological studies have 
demonstrated the presence of pathological markers 
(neurofibrillary tangles, senile plaques, beta amyloid, tau, 
amyloid precursor hemoglobin –APP) in subcortical 
visual centers (lateral geniculate nucleus, and superior 
colliculus) [3]. These alterations have not been observed 
in retina. On the other hand decreases in the number of 
retinal ganglion cells have been noted. 
 
Morphological studies performed on the optic nerve have 
predominantly demonstrated loss of retinal ganglion cells 
[12].   This phenomenon might be the result of cortical 
retrograde degeneration as an integrated part of the 
primary process. In their postmortem histopathological 
studies, Blanks et al detected a 25 % neuron loss in the 
retinal ganglion cell layer in patients with Alzheimer’s 
disease [12]. 
 
Paquet et al. couldn’t find a significant difference 
between cases with MCI, and mild ATD regarding 
RNFLT values measured by optical coherence 
tomography, while they detected significantly lower 
RNFLT values in patients with MCI, and moderate ATD. 
Any correlation was not found between between MMSE 
scores, age of the patients, and RNFLT values in cases 
with ATD. In the control group of the study, female 
participants were more numerous than the male 
participants. However, in consideration of previous 
studies, the authors indicated that RNFLT values had not 
been influenced by the gender of the patients, and 
suggested RNFLT measurement as a structural marker of 
axon loss in the optic nerve [13]. 
 
In a study where decrease in RNFLT was demonstrated in 
cases with Alzheimer- type dementia using OCT, PERG 
revealed the presence of a correlation between this 
morphological abnormality, and retinal dysfunction with 
age-related proportional decrease in RNFLT in the control 
group. Estimated RNFLT values in ATD were lower than 
those found in the age-matched control group. In this 
situation, as a generally accepted corollary, decrease in 
RNFLT could not be attributed to advanced age  [14].  
 

Patients diagnosed as Alzheimer-type dementia have 
described visual symptoms as the disease deteriorates 
including blurred vision, inability to engage in reading for 
longer periods, impaired depth perception, and difficulty 
in identifying familiar faces, and objects. According to 
the study performed by Sadun et al, visual dysfunction 
onsets during routine visual acuity tests without any 
evidence of any ocular disease [9]. In a study by 
Mountjoy et al. ATD- related visual defects had been 

attributed to the cerebral atrophy which is the 
characteristic feature of the disease [10]. In 
histopathological analyses conducted by Johnson et al in 
cases with Alzheimer’s disease, degenerative changes 
were encountered in primary visual cortex [15].   
 
Balazsi et al. underscored potential diagnostic deficits, 
and errors encountered in histopathological studies [16]. 
Number of optic nerve fibers in specimens harvested from 
autopsied cases can not be precisely enumerated. Besides, 
structural, and functional characteristics of the vision can 
not be assessed through examination of these specimens. 
Retinal tissue loses secondary to histologically defined 
Alzheimer’s disease might reflect histopathologic 
alterations occurring in more advanced stages of the 
disease. This finding might account for the failure to 
demonstrate ATD-related degeneration using in vivo 
techniques. Optic nerve damage detected in 
histopathological studies appears secondary to neuronal 
atrophy in cortical regions, which might reflect severe 
retrograde degeneration of the optic nerve fibers. In other 
words, the disease affects primarily visual cortex, and it 
also has an indirect impact on retinal ganglion cells as an 
outcome of retrograde degeneration. However, retrograd 
degeneration can be detected in the advanced stages of the 
disease. According to this study, visual dysfunction 
developed in parallel with the disease does not become 
evident at least in the early stages of ATD because of 
decrease in retinal nerve fiber layer thickness [16]. 
 
In a study conducted in 9 patients diagnosed as an early-
stage ATD, RNFLT was measured using OCT, and retinal 
venous blood flow was evaluated. As an outcome of the 
study, in the patient group decrease in RNFLT, stenotic 
retinal veins, and decrease in venous blood pressure were 
demonstrated only in the superior quadrant [17]. 
 
In our study, difference between the MCI, and the control 
groups as for mean RNFLT values was more prominent 
relative to the difference between the groups with both 
types of ATD, and the control groups. Any statistically 
significant difference was not seen between the control 
and mild, and moderate ATD groups.  However mean 
RNFLT value of the MCI group was found to be 
statistically significantly lower than that of the control 
group. This phenomenon suggests us lack of any 
correlation between the severity of cognitive decline, and 
loss of RNLFT. When the patient group in general was 
compared with the control group, though not statistically 
significant, mean RNFLT values tend to be lower in the 
former group. 
 

In conclusion, controversy exists related to the necessity 
of measurements of RNFLT for the diagnosis of MCI, 
and early stage ATD. Relative to the other techniques 
examining optical nerve, HRT is a superior, simple, and 
easily applicable test in the examination of optical nerve 
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head. Therefore, HRT can be useful in the diagnosis of 
MCI, mild, and moderate ATD. The data we retrieved, 
have demonstrated that RNFLT values decreased without 
any correlation between the increased severity of 
cognitive decline, and decreased RNFLT values. 
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