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Abstract

Aim: The study was to evaluate neuropsychological functions in patients with glaucoma.

Materials and methods: A complete examination of 90 patients was performed, which were divided into 3
groups of 30 people each: Alzheimer's disease group, vascular open-angle glaucoma. All patients underwent
clinical, neurological and neuropsychological examination.

Results: The data on the similarity of the structure of cognitive deficit in patients with Alzheimer's disease and
glaucoma were obtained. More than half (50%) of patients with open-angle glaucoma were newly diagnosed with
moderate cognitive impairment.

Conclusion: The results indicate the need for a comprehensive neurological and neuropsychological
examination of patients with glaucoma for the early diagnosis of cognitive disorders, the appointment of timely
therapy and an improvement in the prognosis of the disease.
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Introduction
Primary open-angle glaucoma and Alzheimer's Disease (AD) are

the leading causes of disability and addiction among working-age
patients worldwide. Recently, in Russia, the leading cause of primary
disability for ophthalmic diseases is glaucoma. Glaucoma occupies
one of the first places among the causes of amaurosis, becoming an
important medical and social problem, since every 3rd person
suffering from blindness is of working age. Over 20 years, the number
of glaucoma patients in Russia has increased by 40%, glaucoma
accounted for more than 15% of the causes of blindness [1]. With an
increase in the life expectancy of the population, the prevalence of
glaucoma is expected to increase from 64.3 million in 2013 to 111.8
million by 2040. According to statistical analysis, from 2020 to 2040,
the number of patients suffering from glaucoma will increase by 1.5
times [2].

The prevalence of dementia is similar to the prevalence of
glaucoma, the global incidence in 2010 was estimated at 35.6 million
people, it is expected to increase the number of patients to 75 million
people by 2030, and by 2050 the number of patients will be 130
million people. It is expected to increase the number of patients with
BA by 1.5 times from 2030 to 2050. BA occupies a leading place in
the structure of dementia, accounting for 56.6% of cases. The second
most important cause of severe cognitive decline is vascular dementia,
which accounts for 14.6% of cases [3].

The comorbidity of BA and glaucoma is very high. The overall
prevalence of glaucoma in the population is estimated at about 3%,
while the prevalence among patients with AD is about 25.9% [4,5].
However, the diagnosis of ophthalmological diseases, in particular
glaucoma, causes great difficulties in patients suffering from AD.

Firstly, the diagnostic criterion for the diagnosis of glaucoma is
static perimetry, this is a non-invasive method of assessing visual
fields, and the patient reports the appearance of an object during the
study. This diagnostic method requires understanding and performing
a new task, focusing attention for about 20 minutes, which is difficult
for patients with AD [6].

Secondly, patients with AD are characterized by visual agnosia, in
particular simultaneous agnosia, or as it is also called Balint
syndrome. The patient perceives only the object that is in close
attention, that is, the ability to simultaneously perceive several objects
or to cover the situation depicted in the plot picture is lost. Therefore,
the results of statistical perimetry will not be reliable.

The increase in the prevalence of AD and glaucoma with age, the
common embryological origin of the brain and eye, common
pathogenetic mechanisms (protein metabolism disorders, oxidative
stress, and tissue hypoxia) suggest a fairly close relationship between
these diseases [7]. It is assumed that glaucoma occupies a middle
position between ophthalmological and neurological pathology [8].
Back in 1990, S. Fedorov postulated that the majority of elderly
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patients (up to 45%) who are diagnosed with ophthalmological
pathology requiring treatment by an ophthalmologist already have
various neurological diseases, some of which are observed by a
neurologist [9]. Quite often (56.8%) ophthalmologists pay their
attention to the combined damage of the nervous system and the eye.
To date, scientists around the world consider glaucoma as a
progressive degeneration of the optic nerve, which is accompanied by
visual disturbances secondary to the loss of retinal ganglion cells [10].
Gupta et al., for the first time discovered neurodegenerative changes
on autopsy material of the brain in patients with glaucoma, in the form
of amyloid deposition in the chiasm, cranial bodies, and visual
radiation and even in the occipital lobes, which is pathognomonic for
neurodegenerative diseases [11]. In 2012, a group of scientists led by
Erichev, examining the autopsy material of the brain of patients with
open-angle glaucoma, found damage to most of the axons in the optic
nerve, as well as a decrease in the lateral cranial bodies of the
thalamus. Microscopic examination of the material showed a decrease
in the thickness of the cell layer in the visual cortex of the brain, as
well as the accumulation of the pigment lipofuscin, which is one of the
markers of atrophy [12]. According to the results of these studies, it is
possible to assume a diffuse spread of the neurodegenerative process
in patients with glaucoma.

Drug therapy for AD and glaucoma are another common feature of
these diseases. The first line of drug therapy for AD are
anticholinesterase drugs, which include rivastigmine, donepizil,
galantamine, when prescribing these drugs, ophthalmologists revealed
a decrease in intraocular pressure [13]. In ophthalmological practice in
glaucoma, nootropic drugs are used to protect retinal ganglion cells, in
particular choline alfoscerate, which has a complex neurotrophic and
antioxidant effect [14].

A similar embryological origin, related microvascular anatomy and
histological structure between the microvascular network of the brain
and the retina have long been noted. Recent studies have proven the
role of vascular factors in the development and progression of
glaucoma, and vascular dysfunction has been identified as one of the
important causes of glaucoma. According to the literature, it was
found that long-term arterial hypertension can lead to a decrease in the
relative area of retinal vessels, due to diffuse narrowing of arterioles,
as well as remodeling of arterial vessels with a subsequent decrease in
the internal lumen. Long before the appearance of patients'
complaints, changes in the vascular system appear. In middle-aged
patients with signs of retinal vascular changes (i.e., with signs of
retinopathy), a marked decrease in cognitive functions has been
proven [15-17].

The aim of our study is to compare the structure of
neuropsychological changes in patients with Glaucoma, AD and DM.

Materials and Methods
The study was conducted at the N. I. Pirogov State Clinical

Hospital No. 1 of the Moscow Department of Health and the Federal
State Budgetary Institution "NMIC GB named after Helmholtz"
Ministry of Health of Russia. The study included 90 people who were
on inpatient treatment.

According to diagnostic criteria, patients were divided into three
groups of 30 people each:

• The first group consisted of patients with an already established
diagnosis of open-angle glaucoma, of which 70% were women (21)

and 30% men (9), the average age of patients was 69 years (median
70 [62; 76]). Upon admission to the glaucoma department, no
pathology was detected during a routine examination by a
neurologist.

• The second group included patients with an established diagnosis of
AD according to the NINDS-ADRDA criteria, of which 70% were
women (21) and 30% were men (9), the average age of patients was
64 years (median 65 [61; 67]).

• The third group also included 30 patients diagnosed with diabetes
according to the NINDS-AIREN criteria, of which 70% were
women (21) and 30% men (9), most patients had post–stroke
cognitive impairment (76.6% of cases), age-64.5 years (median 66
[60; 69]).

For the study, patients aged 40 to 90 years with diagnosed open-
angle glaucoma, BA and DM, without organic pathology, concomitant
somatic pathology in the decompensating stage, mental disorders,
gross ophthalmological pathology, at the time of the study, visual
acuity in patients above 0.6, without increased intraocular pressure,
who are able to understand and sign informed consent were selected.

According to statistics, women suffer from AD more often than
men, as well as with glaucoma, women are 3 times more likely to
suffer from this disease, which our study showed in three groups, the
number of women prevails over men [18]. However, the
predominance of women in the DM group is explained by the
development of more severe vascular distress in men, which did not
allow them to be included in our study.

The neurological status of patients was assessed [19]. The
neuropsychological state of the patients was assessed using the
following generally accepted neuropsychological scales and tests:

• Mini-mental State Examination-MMSE (Brief Mental Status Scale)
[20].

• The Montreal Cognitive Assessment (МоСА) [21].
• Frontal Assessment Battery (FAB) [22].
• Clock drawing and copying test
• Fluency test (literal and categorical associations)

The present study corresponded to the ethical standards of the local
Ethics Committee of the N.I. Pirogov RNIMU. All the subjects signed
an informed consent.

Statistical analysis was performed in the IBM SPSS Statistics v25
program (IBM Corp., USA). Statistically significant differences were
determined at 0.95 error-free judgment probability level or p<0.05.

Results
When assessing the state of cognitive functions based on the MoCA

scale, the average score in patients with glaucoma was 19.5 (12;22), in
patients with AD was 20(18;24), patients with SoD-24(22;26)
(p<0.001). According to the MMSE scale, the average score in
patients with glaucoma is 14(10;18), with BA-22(19;23), with
SoD-26(24;28) at the same time (p<0.001). When evaluating the clock
drawing test in the glaucoma group, the average score was 4 (3;5), in
the BA group-6 (5;6), in the SoD group-8(4;9) (p<0.001).

During the dial copying test, the average score in the glaucoma
group corresponded to 6(4;6), in the BA group 7(6;8), in the SoD
group-9(7;10) (p<0.001). When assessing semantic and phonetic
verbal fluency, the average score in the glaucoma group was 9,5
(7;10)/8(6;9), in the BA group 11(11;12)/9,5(9;10) accordingly, in the
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SoD group 13(11;14)/11(9;13) at the same time (p<0.001). Pairwise
differences were revealed between the groups of glaucoma and SoD,
as well as the group of BA and SoD on the scales of MoCA, MMSE,
and clock copying test, semantic and phonetic verbal fluency.

It should be said that in patients with glaucoma, when assessing the
neuropsychological status, disorders of visual-spatial functions were
primarily detected, which are associated with a violation of the
parietal cortex. In some patients, difficulties were revealed in drawing
a clock, a cube and a pentagon, but the greatest difficulties were
observed in patients with self-drawing a dial (8 (4; 9) points) (Figures
1 and 2). Most of the patients in the auditory-speech memory test (5
words from the MoCA scale) showed a violation of delayed
reproduction, reproduction did not improve when giving the patient
hints by categories and a variety of choices, this indicates a violation
of semantic encoding of memory, that is, primary memory impairment
(according to the hippocampal type).

Figure 1: The test of drawing and copying the dial. Patient R., 
68 years old. Diagnosis: Left-sided open-angle glaucoma.

Figure 2: Test of drawing and copying of hours. Patient K., 
67 years old. Diagnosis: bilateral glaucoma.

In patients from the BA group in the auditory-speech memory test,
violations of delayed reproduction were observed, categorical prompts
did not improve the performance of the task, as well as false
recognitions of previously presented material were noted. This
indicates amnestic disorders of the hippocampal type. Verbal fluency
tests revealed violations of semantic and phonetic speech associations,
respectively (9.5(7;10) points)/(8(6;9) points). When conducting tests
for visual-spatial functions, the cortical component was interested,
patients were not able to draw the dial themselves or copy the clock,
however, the greatest difficulties were revealed when performing the
dial drawing test (4 (3; 5) points) than copying the dial (6(4;6) points).

During neuropsychological testing, dysregulatory cognitive deficit
was observed in patients with DM in the form of impaired attention,
slowness of mental activity, impaired planning (building an algorithm
of actions), decreased cognitive flexibility, and activity control.
Memory disorders were also detected, when providing hints of
categories and a variety of choices, playback improved, which
indicates the difficulty of extracting information. However, memory
impairment was not as pronounced as in AD and glaucoma. These
patients were characterized by speech disorders, difficulties in naming
objects, the nominative function of speech suffered, the repetition of
complex logical and grammatical constructions, errors were noted in
the fluency test, mostly associated with a decrease in the number of
phonemic verbal fluency (9.5 (9;10) points) with relative preservation
of semantic verbal fluency (11 (11;12) points), which is
pathognomonic for subcortical-frontal dysfunction. Also, one of the
characteristic signs of frontal lobe dysfunction during
neuropsychological testing is the presence of errors in the clock
drawing test, when they are copied safely.

Discussion
Summarizing the data obtained by us, it should be noted that during

neuropsychological testing in patients from the group of AD and
glaucoma, a decrease in memory of the hippocampal type, visual-
spatial function, and impaired verbal fluency was revealed, which
indicates the similarity of cognitive deficits of these groups. This
cognitive deficit is associated with dysfunction in the temporal limbic
system and parietal cortex. Patients from the DM group had impaired
executive functions as a result of damage to the frontal-subcortical
divisions.

A detailed analysis of neuropsychological changes on the MoCA
scale revealed moderate cognitive impairment in more than half
(63.3%) of patients, only 36.7% of patients did not have cognitive
deficits. According to the Short Mental Status Assessment Scale
(MMSE), the norm was observed in 36.7% of people, the UKN–
36.7% (11 people), and in 26.7% of cases a mild degree of dementia
was observed. According to the Frontal Dysfunction Test Scale (FAB),
dementia was detected in 4 people (13.3%), moderate frontal
dysfunction in 14 people (46.7%) and the norm in 12 people (40%).
Thus, more than half of patients with open-angle glaucoma had
cognitive changes. It should be particularly noted that previously,
during a routine examination by a neurologist in a polyclinic, no
neurological pathology was detected.

Conclusion
The changes revealed in the course of this study indicate a diffuse

spread of the neurodegenerative process in patients with glaucoma,
similar to that in AD. Patients with open-angle glaucoma for early
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detection of cognitive disorders need to conduct a comprehensive
neurological and neuropsychological examination to prescribe timely
treatment and improve the prognosis of the disease. Until now, the
question remains, what is primarily affected by glaucoma-neurons in
the visual cortex or retina?
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