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Purpose: To identify ophthalmic findings in Alzheimer’s type dementia (ATD) compared to normal subjects.
Patients and Methods: This comparative descriptive study included participants from the institution’s cognitive fitness center. 
Complete ophthalmic examinations were performed. Optical coherence tomography (OCT) and OCT angiography (OCTA) were used 
to analyze retinal thickness and vascular density. The Ocular Surface Disease Index (OSDI) score and tear breakup time (TBUT) were 
used to assess dry eye. The blink rate was counted by a well-trained observer. Cognitive function was evaluated using the Thai Mental 
State Examination (TMSE) score. Correlation analysis was performed to compare OCT, OCTA parameters, and TMSE.
Results: We included 24 ATD patients and 39 normal participants as a control group by age and sex-matched. The prevalence of dry 
eye using the Asia Dry Eye Society criteria was 15% and 13% in normal and ATD patients, respectively. The differences in OSDI 
scores, TBUT, and blink rate between the two groups were not statistically significant. The parafoveal and perifoveal macular 
thickness of the ATD group were significantly lower than that of the control group (p<0.01). All parameters of the vessel density 
of the ATD group were significantly lower than in the control group, including the whole macular vessel density (p<0.01), optic disc 
vessel density at the nerve head level (p<0.01), and optic disc vessel density at the radial peripapillary capillary level (p<0.05). After 
age adjustment, there were no statistically significant differences in all the OCT and OCTA parameters. There was a positive 
correlation between retinal thickness and vessel density in the macular and optic disc region and TMSE scores.
Conclusion: Perifoveal and parafoveal retinal thickness might be more sensitive than peripapillary RNFL thickness to detect 
neurodegenerative changes in patients with ATD. Macular thickness and vessel density reduction were also positively correlated 
with cognitive decline.
Keywords: Alzheimer, OCT, OCTA, TMSE, dry eye

Introduction
According to WHO data published in 2022, there are estimated to be more than 55 million people with dementia 
worldwide. The prevalence of dementia was 2.35 to 3.1% in Thailand,1 however, the actual number of cases is likely to 
be higher due to underdiagnosis and lack of accessibility to healthcare in some areas. Alzheimer’s type dementia (ATD) 
is the most common type of dementia affecting elderly adults.1,2 ATD is characterized by a specific pathological change 
in the brain, which are amyloid-beta protein (Aβ) deposits and neurofibrillary tangles (NFT) producing local inflamma-
tion and ganglion cell degeneration. Patients with ATD suffer from a spectrum of cognitive and neuropsychiatric 
symptoms including severe memory loss, behavioral changes, disorientation, visual impairments, sleep disturbances, 
difficulty walking and swallowing, and alteration of self-consciousness.
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An ATD diagnosis is made based on clinical presentations by an experienced neurologist or neuropsychiatrist and 
confirmed only by a postmortem brain biopsy.3 At the moment, non-invasive procedures that assist in the diagnosis of 
ATD have been gaining interest as novel diagnostic tools. Retinal blood vessels and nerve fibers are one of the most 
visualizable parts of the central nervous system and have been found to be associated with various neurological disorders 
such as multiple sclerosis and stroke.4–6

Previous studies on ATD patients have demonstrated retinal pathology including loss of retinal ganglion cells, atrophy 
of retinal nerve fiber layer, thinning of macular ganglion cells, optic nerve axonal degeneration, and decreased retinal 
vascular density.3,7 Optical coherence tomography (OCT) and optical coherence tomography angiography (OCTA) are 
non-invasive imaging technologies that have been widely used to evaluate retinal parameters. To the authors’ knowledge, 
there has been no study investigating retinal parameters in Thai ATD patients. This study aimed to evaluate various 
ocular parameters, especially retinal thickness and retinal vascular density, in patients with ATD compared to normal 
subjects. We also investigated the correlation between ocular parameters and mental state examination results; the Thai 
Mental State Examination (TMSE) score. Moreover, to the best of our knowledge, our study might be the first report 
investigating the prevalence of dry eye in ATD patients.

Materials and Methods
This comparative descriptive study was approved by the Faculty of Medicine, Chulalongkorn University’s institutional 
review board, and the study was conducted and performed in accordance with the ethical standards set out in the 
Declaration of Helsinki. Informed consent was obtained from all patients. We recruited the participants with ATD who 
visited the Cognitive Fitness Center, King Chulalongkorn Memorial Hospital, Bangkok, Thailand into the ATD group 
and age- and sex-matched healthy participants who had normal cognitive status into the control group.

The diagnosis of ATD was made using the 2011 Alzheimer’s disease diagnostic guideline of the National Institutes of 
Health and the Alzheimer’s Association. All participants in both the ATD and the control group underwent comprehen-
sive examinations including a complete neurological examination, the Thai Mental State Examination (TMSE), which is 
a Thai version of the Mini-Mental State Examination (MMSE) developed in 1993 (Supplementary File 1).8 Brain 
magnetic resonance imaging (MRI) was performed in all participants in the ATD group to exclude other neurological 
disorders. All neuropsychiatric and neurologic evaluations were performed by a single experienced neuropsychia-
trist (SH).

Participants in both groups received a complete ophthalmic examination including best-corrected visual acuity 
(BCVA), intraocular pressure (IOP), blink rate (times per minute), anterior and posterior segment examination using 
slit lamp biomicroscopy, tear breakup time (TBUT), ocular surface evaluation using the Ocular Surface Disease Index 
(OSDI), and axial length measurement using optical biometry (IOLMaster 500, Carl Zeiss AG, Oberkochen, Germany). 
We used the criteria of the Asia Dry Eye Society (ADES) to diagnose dry eye.9

Demographic and clinical data, including medical conditions, were recorded. The exclusion criteria for both groups 
were: BCVA < 20/200; refractive error > ±4.00 D spherical equivalent; axial length < 22 mm and > 26 mm; IOP 
>22 mmHg; pre-existing macular pathologies such as age-related macular degeneration, epiretinal membrane or macular 
hole; other retinopathies such as retinal vascular occlusion or retinal dystrophy; pre-existing ocular diseases such as 
glaucoma, optic neuropathy or uveitis; previous intraocular surgery within 12 months before enrollment except for 
uncomplicated cataract surgery; history of ocular trauma; current smoker; and presence of other neurological or 
psychiatric disorders, including other types of dementia.

OCT and OCTA Measurements
The imaging of all participants in both groups was obtained by a single operator using Optovue and Angiovue OCTA machine 
(Optovue Inc., Fremont, California, USA, Software Version 2016) with a scan rate of 70,000 A-scans per second. A volumetric 
scan of 304×304 A-scans at 70,000 A-scans/s within 3 s was used for a 3×3 mm picture and 400×400 A-lines was used for 
a 6×6 mm picture. A minimum signal strength of 60 was required as a qualified scan to be included in the analysis. The vascular 
structures were evaluated using 6×6 mm OCTA angiogram software. Full-thickness retinal scans around the macula and optic 
disc were automatically segmented into the superficial and deep inner retinal vascular plexuses and outer retina. OCTA 
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segmentation demonstrates the projection of the vasculature in the superficial and deep inner retina (Figure 1). The vascular 
density in superficial retinal vascular zone of macular and optic disc area was calculated automatically by this software. The 
densities of optic nerve head (ONH) vessels were determined from the “nerve head segment” (which extends from the internal 
limiting membrane to 150 μm below) to the “radial peripapillary capillary (RPC) segment” (which extends from the internal 
limiting membrane to the RNFL).

Statistics
Statistical analysis was performed using Stata 17 (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: 
StataCorp LLC.).10 The right eye of each participant was selected for the analyses. The normality assumption for the independent 
variables was checked with the normality plots test. To compare the groups, the independent t-test and the Mann–Whitney U-test 
were applied. Variables that were consistent with the normality assumption were subjected to the independent t-test, while those 
that did not meet the normality assumption were subjected to the Mann–Whitney U-test. The correlation analysis between the 
ophthalmic evaluation and the TMSE score was estimated using Spearman correlation. To control for age as a confounding 
factor, linear regression was used to compare the OCT and OCTA parameters between the groups.

Results
Demographic Data and Ocular Parameters
We included 24 ATD patients and 39 normal participants as a control group. Demographic data and ocular 
parameters were not statistically different between the two groups. The mean TMSE score in the ATD group was 

Figure 1 (A and B) represent optical coherence tomography angiography (OCTA) of optic disc and macular region respectively in Alzheimer’s type dementia (ATD) patient. 
(C and D) represent OCTA of optic disc and macular region in normal participant. In ATD eye, as shown, vessel density at optic nerve and macula was lower compared to 
normal eye.
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significantly lower than in the control group (p<0.001). The prevalence of dry eye using the ADES criteria was 15% 
and 13% in normal and ATD patients, respectively. The OSDI score for the control group was statistically higher. 
There were no statistically significant differences in tear breakup time (TBUT) or blink rate between the two groups 
(Table 1).

Among 63 participants, 45 (33 from the control group and 12 from ATD group) had complete OCT and OCTA data 
with sufficient quality images and were included in the analyses. The ATD group had a significantly higher mean age 
than the control group. The TMSE score in the ATD group was significantly lower than in the control group (p<0.001). 
The OSDI score was statistically higher in the control group. Other demographic and ocular parameters showed no 
statistically significant difference (Table 1).

OCT and OCTA Parameters
Parafoveal macular thickness and volume in the inferior and nasal quadrants were significantly lower in the ATD group. 
Perifoveal macular thickness and volume in all quadrants were significantly lower in the ATD group (p<0.02). 
Peripapillary RNFL thickness, foveal thickness and volume were lower in the ATD group, but the difference was not 
statistically significant (p>0.05, p=0.06 correspondingly) (Table 2).

All vessel density parameters in the ATD group were significantly lower, including the whole macular vessel density 
(p<0.01), optic disc vessel density at the nerve head level (p<0.05), and optic disc vessel density at the radial 
peripapillary capillary (RPC) level (p<0.05) (Table 2). In the optic disc area, the most significant difference in vessel 
density was found in the inferior and nasal quadrants. In the macular area, the difference of vessel density was significant 
in all quadrants.

After adjusting for age, there were no statistically significant differences in all parameters of OCT and OCTA, 
indicating that an independent age effect cannot be excluded.

Table 1 Patient Demographic, Ocular Parameters, and TMSE Score in the ATD 
Group Compared to the Normal Control Group in All Participants, and Analysis Set

Total (n = 63) Complete Cases (n = 45)

ATD Group  
(n = 24 Eyes)  
Mean (SD)

Control Group  
(n = 39 Eyes)  
Mean (SD)

ATD Group  
(n = 12 Eyes)  
Mean (SD)

Control Group  
(n = 33 Eyes)  
Mean (SD)

Age (year) 76.56 (4.78) 70.83 (4.12) 76.08 (8.31)* 65.18 (5.41)*

Male: Female [n (%)] 5 (21%): 19 (79%) 6 (15%): 33 (85%) 3 (25%): 9 (75%) 5 (15%): 28 (85%)

DM [n (%)] 2 (7%) 1 (4%) 1 (8.33%) 2 (6.06%)

BCVA (logMAR) 0.30 (0.12) 0.22 (0.17) 0.38 (0.18) 0.26 (0.21)

IOP (mmHg) 14 (1.5) 13.7 (1.4) 13 (1.35) 14.15 (2.25)

AXL (mm) 23 (1.05) 23 (1.27) 23.38 (0.87) 23.71 (1.32)

TMSE score 18.65 (1.92)* 28.45 (4.87)* 20.91 (1.83)* 28.27 (2.04)*

TBUT (sec) 5.1 (2.3) 5.2 (2.3) 5.50 (2.58) 5.88 (2.83)

Blink rate 30.8 (1.1) 35.8 (1.2) 32.22 (10.12) 36.27 (14.04)

OSDI score 10.8 (7.2)* 12.99 (1.23)* 5.21 (5.29)* 13.57 (12.53)*

Note: *p-value <0.05. 
Abbreviations: ATD, Alzheimer’s type dementia; SD, standard deviation; DM, diabetes mellitus; BCVA, best- 
corrected visual acuity; IOP, intraocular pressure; AXL, axial length; TMSE, Thai Mental State Examination; 
TBUT, tear breakup time; OSDI, Ocular Surface Disease Index.
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Correlation Between the TMSE Score and OCT, OCTA Parameters
All OCT and OCTA parameters had a statistically significant positive correlation with the TMSE score. Among the OCT 
parameters, the thickness of the macula in parafoveal and perifoveal areas, and RNFL thickness moderately correlated 
with the TMSE score; while foveal thickness had a weak correlation with the TMSE score (foveal thickness r = 0.20, p = 
0.037; parafoveal thickness r = 0.42, p = 0.01; perifoveal thickness r = 0.43, p = 0.002; RNFL thickness r = 0.39, p = 
0.003). (Figure 2) For the OCTA parameters, vessel density in the macular area had the strongest correlation (r = 0.49, 
p = 0.001), followed by the peripapillary optic nerve head level (r = 0.46, p = 0.005) and the RPC level (r = 0.41, p = 
0.01) (Figure 3).

Discussion
Consistent with the results of previous studies,11–16 the study revealed that the participants in the ATD group had 
significantly less thickness and volume of the perifoveal and parafoveal retina. On the contrary, the foveal retinal 
thickness was not significantly different between groups. These findings suggest that perifoveal and parafoveal areas 
might be more sensitive to neurodegenerative changes in ATD patients than foveal area. Retinal ganglion cell density in 
perifoveal and parafoveal areas is higher than in foveal area. Thus, a neurodegeneration process resulting in ganglion 
cells’ axonal loss might have more effect on the thickness of perifoveal and parafoveal retina than on the thickness of 
foveal area. The findings emphasize the importance of perifoveal and parafoveal areas, rather than foveal center to detect 
early axonal loss related to neurodegenerative change. Retinal vascular density decreased significantly in both peripa-
pillary and macular regions of the ATD group. This indicates that the retinal vascular density might be more sensitive to 
neurodegenerative change than the retinal thickness and volume. We propose the thickness of the perifoveal and 
parafoveal retina, and the vascular density of the retina, as an indicator for the early detection of ATD. However, 

Table 2 OCT and OCTA Parameters in the ATD and Normal Group

ATD Control ATD Control

Mean  
(95% CI)

Mean  
(95% CI)

Estimated Mean**  
(95% CI)

Estimated Mean**  
(95% CI)

Macular area Fovea whole area

- Thickness (μm) 239.67  
(230.95–248.38)

248.61  
(237.54–259.67)

248.96  
(229.91–268.02)

245.22  
(234.94–255.51)

- Volume (mm3) 0.19  
(0.18–0.19)

0.20  
(0.19–0.21)

0.19  
(0.18–0.21)

0.19  
(0.18–0.20)

Parafovea whole area

- Thickness (μm) 291.67*  
(283.75–299.59)

308.24*  
(300.75–315.73)

298.95  
(285.87–312.03)

305.60  
(298.53–312.66)

- Volume (mm3) 1.83*  
(1.78–1.88)

1.94*  
(1.89–1.98)

1.88  
(1.80–1.96)

1.92  
(1.88–1.96)

Perifovea whole area

- Thickness (μm) 262.58*  
(255.15–270.02)

280.27*  
(273.64–286.90)

273.49  
(262.90–284.08)

276.31  
(270.59–282.02)

- Volume (mm3) 3.29*  
(3.21–3.39)

3.52*  
(3.44–3.61)

3.44  
(3.30–3.57)

3.47  
(3.40–3.55)

Peripapillary area RNFL thickness (μm) 89.50  
(84.01–94.99)

96.82  
(92.54–101.10)

96.51  
(89.50–103.52)

94.27  
(90.49–98.05)

Optic disc vessel density (%) Optic nerve head level 50.86*  
(47.76–53.96)

55.35*  
(53.88–56.82)

53.88  
(51.29–56.47)

54.24  
(52.85–55.65)

RPC level 50.04*  
(47.15–52.93)

53.05*  
(51.62–54.48)

53.22  
(50.84–55.59)

51.90  
(50.61–53.18)

Macular vessel density (%) 43.85*  
(40.86–46.84)

49.13*  
(47.37–50.90)

47.01  
(44.01–50.02)

47.98  
(46.36–49.61)

Notes: *p-value <0.05; **Estimated from the linear regression model adjusted by age. 
Abbreviations: ATD, Alzheimer’s type dementia; OCT, optical coherence tomography; RNFL, retinal nerve fiber layer; RPC, radial peripapillary capillary.
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some OCT and OCTA parameters were unobtainable in some participants during the data collection process, resulting in 
a significant difference in mean age between the two groups after excluding an incomplete data set. Several studies have 
reported a significantly decreased in macular thickness and vessel density with age.17,18 After adjusting for age, there 
were no significant differences in all parameters. This indicates that age is a very important factor affecting retinal 
thickness and vascular density. There have been several studies reporting no significant difference in these parameters 
between ATD patients and normal control.19–21

We discovered a significant positive correlation between cognitive performance and retinal thickness and vessel 
density over macular and optic disc region. There has been a study reporting a correlation between cognitive function, 
using the Mini-Mental State Examination (MMSE) and OCT parameters in the macular region.22 The other study also 
reported a positive correlation between peripapillary RPC vessel density and the Montreal Cognitive Assessment 
(MoCA) scores.23 The result of our study agrees with previous studies, which revealed a weak to moderate correlation 
between cognitive scores and OCT and OCTA parameters. However, we found that retinal thickness in the macular 
region, especially in the perifoveal area, and also macular vessel density demonstrated a higher correlation with TMSE 
than in the optic disc region. The findings are supporting evidence for our aforementioned proposal to detect an early 
neurodegenerative change in the perifoveal and parafoveal retina than in the foveal and peripapillary area.

In our study, we found no statistically significant differences in general ocular examination between groups, 
including best-corrected visual acuity, intraocular pressure, axial length, blink rate, and tear breakup time. The 
blink rate and TBUT were lower in the ATD group, which is comparable to other studies.24 However, there was 
no statistically significant difference. Interestingly, the OSDI score in the control group was significantly higher 

Figure 2 Scatter plot showed distribution between the Thai Mental State Examination (TMSE) score and the thickness of macular area and retinal nerve fiber layer (RNFL). 
(r: Spearman’s rank correlation coefficient).
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than in the ATD group despite the fact that other objective tests for dry eye were not significantly different. This 
reflects a discordance between the subjective and objective evaluation of dry eye. We hypothesized that the ATD 
group has decreased corneal nerve fibers and tends to be less sensitive to dry eye symptoms, resulting in an 
underrated OSDI score.25

The study has some limitations. First, we included a small number of participants into the analysis because some 
of the main parameters were unobtainable in both ATD and control group due to poor cooperation and ocular media 
opacity related to participants’ advanced age. The limitation led to a significant difference in age between groups, 
which is the most important confounder affecting the main outcomes. Second, we did not access the choroidal 
thickness due to the limitation of the device. Therefore, we propose a further study including more participants, and 
using an OCTA device that is able to access the choroidal vasculature in order to explore whether there is any 
vascular change in the choroid in addition to the retinal thickness and vascular changes. The other potential 
limitation included that we did not collect visual field test results and some other clinical parameters, as well as 
genetic information, which might affect our results.26 In addition, we suggest a future study including participants 
with mild cognitive impairment to investigate whether the correlation between OCT and OCTA parameters and 
TMSE is still demonstrable. This will be very helpful in detecting the early change before the patient has ATD and 
will allow the physician to provide preventive intervention.

Figure 3 Scatter plot showed distribution between the Thai Mental State Examination (TMSE) score and the optical coherence tomography angiography value in 
peripapillary area and macula. (r: Spearman’s rank correlation coefficient).
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Conclusion
Perifoveal and parafoveal retinal thickness might be more sensitive than peripapillary RNFL thickness to detect 
a neurodegenerative change in ATD patients and could be used to detect a neurodegenerative change in ATD. Macular 
thickness and vessel density reduction were also positively correlated with cognitive decline.
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