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Introduction. Alzheimer’s disease (AD) and primary open-angle glaucoma (POAG) are gradually progressive neurodegenerative diseases leading to disability.
According to literature data, POAG can be a predictor of AD development. Early diagnosis of these diseases contributes to a timely initiation of treatment and,
as a result, a reduction in the disability of patients.

Objective. To study biomarkers of early diagnosis in biological fluids and neuroimaging changes based on the results of MR morphometry in patients with
AD and POAG and to conduct their comparative analysis.

Materials and methods. In total, 90 patients with proven diagnosis of AD (group 1) and POAG (group 2) were examined. The study participants were divided
into two groups according to their diagnosis: group 1 — 45 patients (9 (20%) men and 36 (80%) women) with AD; group 2 — 45 people (17 (37.8%) men and
28 (62.2%) women) with POAG. Neuropsychological testing included Mini-mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), and
a ten-words recall test. The beta-amyloid (AB) Ap42/AB40 ratio in the blood and sirtuin Sirt1, 3, 5, and 6 in saliva were assessed by enzyme immunoassay
(ELISA). In addition, MR morphometry of the brain was performed.

Results. In group 1, cognitive impairments (Cl) reaching the degree of dementia were detected; in group 2, pre-demential Cl were observed (p < 0.001). Ac-
cording to the neuropsychological examination, similar changes were noted in both groups, in particular, memory impairment of the hippocampal type. The
results of the blood and saliva ELISA with the determination of biomarkers in the groups under comparison did not reveal statistically significant differences.
At the same time, the parameters of both volumes and thicknesses according to MR morphometry were lower in group 1 (p < 0.05), which may reflect neuro-
degenerative progression. In group 1, a direct correlation was found between a decrease in the saliva level of Sirt3 and a deterioration in direct reproduction
(fifth reproduction) according to the ten-words recall test (R = 0.43; p = 0.003). Correlations between changes in neuropsychological parameters and MR
morphometry data, including a decrease in the volume of the entorhinal cortex, were noted in both groups. In groups 1 and 2, a decrease in the AB42/Ap40
ratio in blood plasma was associated with a decrease in the thickness or volume of the entorhinal cortex, which is common for both groups with different
Cl severity. Taking into account the association with neuropsychological and blood parameters, including in patients with pre-demential Cl from the POAG
group, the determination of the volume and thickness of the entorhinal cortex can be regarded as a significant early marker of the neurodegenerative process.
Conclusions. The established association between the volume and thickness of the entorhinal cortex with neuropsychological and blood parameters,
including in patients with pre-demential Cl from the POAG group, makes the determination of the volume and thickness of the entorhinal cortex a significant
early marker of the neurodegenerative process. A comprehensive assessment of the results obtained by neuropsychological, laboratory, and neuroimaging
diagnostic methods, as well as the search for diseases associated with the development of AD, such as POAG, are promising research areas, requiring larger
cohort studies.
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OLIEHKA BUOMAPKEPOB B BUOJIOr'MYECKNX XKNOKOCTAX U HEVIPOBI/I?:YAJ'II/ISALI,VIOHHbIX
M3MEHEHNWN Y NMALUMEHTOB C BOJIE3HbIO AJIbLIFTEMMEPA U TNMAYKOMOWU

A.H. Boronenosa'?, E.B. MaxHoBun4'2, E.A. KoBaneHko?, H.A. OcuHoBckas', M.M. beperos', O.B. J1aHr!

T®depepanbHbIi LEHTP MO3ra 1 HelpoTexHonorui GeaepanbHOro Meanko-bruonorndeckoro areHTcTea, Mocksa, Poccus
2 PoccuiicKInii HauvoHanbHbIM McCneaoBaTeNbCKUin MeANLMHCKIWIA yHUBepceuTeT uM. H.W. Muporosa, Mockea, Poccust

Beepenue. GonesHb Anburenmvepa (BA) 1 nepBuyHas OTKpbITOyronbHas rnaykoma (MOYTT) OTHOCATCHA K MOCTENEHHO NPOrPECCHPYIOLLIMM HEMPOAEreHepa-
TVBHbIM MHBaNMAM3MPYIOLLMM 3aboneBaHuamM. B Hay4Hol nutepatype oTMme4deHo, 4To MOYT MoXeT 6biTb NpeankTopoM pa3sutus BA. Heobxognma paHHss
[MarHocTnka faHHbix 3abonesanuii, kotopas 6yaeT cnocobCcTBOBaTE CBOEBPEMEHHOMY HA3HAYEHMIO NIeYeHNs 1, Kak CneacTBmne, MO3BOANUT CHU3UTb MHBA-
NMAN3aUMIO NALMEHTOB.

Lenb. V3yuntb 6GromMapkepbl paHHein AMarHOCTVMKM B OMONOMMHYECKUX >KUAKOCTSX W HEenpoBM3yann3aumoHHble W3MeHeHWs no pesynstatam MP-
MopdomeTpumn y naumeHTtos ¢ BA n MOYT 1 NpoBeCT Nx CpaBHUTENBbHbIN aHanma.

Matepuansl u metoabl. O6¢cnenoBaHo 90 NaUMEHTOB C YCTaHOBEHHbIM AnarHo3oM BA 1 MOYT. YuacTHUKN nccnenoBaHnst Obinm pasgeneHbl Ha 2 rpynnbl
B COOTBETCTBUM C AnarHo3oM: rpynna 1 — 45 naumeHToB (13 HUX 9 (20%) My>xymH 1 36 (80%) »xeHLumnH) ¢ BA; rpynna 2 — 45 yenosek (M3 HUx 17 (37,8%)
MY>XHUH 1 28 (62,2%) »eHwmH) ¢ MOYT. MNpoBeneHO HEMPONCKXONOrM4ecKoe TECTMPOBaHINE: KpaTkas Lkana oLeHKM nemxmydeckoro ctatyca (MMSE), MoH-
peanbckas LKana OLUEeHKM KOrHUTMBHbIX PyHKLm (MoCA), TecT 3anommHaHns 10 cnos. Bcem nauneHTam onpenensnu COOTHOLLeHne 6eTa-aMuionaos
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(AB) kpoBu AB42/AB40, B cntoHe — cupTyuH Sirt-1,3,5,6 ¢ npoBefeHneM MMMyHoepmeHTHOro aHanuaa (VPA), a Takxke BbinonHanacs MP-mopdomeTpus
rOMIOBHOrO MO3ra.

Pe3ynbTratbl. B rpynne 1 6biv BbIgBNEHbI KOFHUTUBHbIE HapyLleHust (KH), gocTturatolme cteneHy gemeHumu; B rpynne 2 — gogeMeHTtHble KH (p < 0,001).
Mo peaynsraTtam NPoBeAeHHbIX HEMPOMNCUXONOrMYECKNX METOAMK B ABYX rpynnax bl OTMEYEHbI CXOXME NBMEHEHNUS, B 0COOEHHOCTU HapyLLUEHVEe NamsTi
no runnokamMnanbHoMy Tuny. PedynetaTtel NpoBeaeHHbIX VIDA KpOBY 1 CNtoHbI C OnpeaeneHem 6romMapkepoB B ABYX CPaBHMBAEMbIX rpynnax He nokasanm
CTaTUCTUYECKI 3HAYMMBbIX pasnuynii. MNpu 9ToM nokasaTtenu Kak 06beMoB, Tak ¥ TONLWMH No AaHHbIM MP-mMopdomeTpun 6binmn Hvke B rpynne 1 (p < 0,05),
4YTO MOXET ObITb OTPaXXEHNEM MPOrPecCHpPoBaHnsa HelmpoaereHepaTMBHOro npouecca. B rpynne 1 BoisiBneHa NpsimMas KOPPensUmMoHHas CBA3b CHKEHNS
YPOBHS Sirt3 B CIOHE C yXyALUEHNEM HEMOCPEACTBEHHOrO BOCMPOn3BeaeHns (5 Bocnpouaseaenmne) no Tecty 3anommnHanus 10 cnos (R = 0,43; p = 0,003).
B o6eunx rpynnax oTMedeHbl KOPPENsUMOHHbIE CBA3M MeXOy N3MEHEHWEeM HEerponcrXonormiyecknx nokasarenei n gaHHbiMv MP-mopdomeTpun, B TOM
4Mcne yMeHblUeHeM obbema SHTOPUHaNBHON Kopbl. Kak B rpynne 1, Tak 1 B rpynne 2 BbISIBNEHO, YTO CHWKEHWE CooTHoLeHns AB42/AB40 B KpoBM ac-
COLMNPOBANOCh C YMEHbLUEHNEM TOMLLMHBI NN 06 beMa SHTOPUHABHOW KOPbI, YTO ABASETCA OOLWMM AN 06enx rpynn ¢ Pa3HON BbIpaXKeHHOCTbIo KH.
YunTbiBas HanM4me accoupaumm ¢ HeMpPONCUXONOrMYECKUMN NoKasaTensMm 1 AaHHbIMU NabopaTopHOro aHanmsa KpoBW, B TOM Y1Che U Y naumneHToB
¢ pofemeHTHbiMy KH 13 rpynnel MOYT, onpepeneHne obbemMa v TONLLMHBI 3HTOPUHANBHOM KOPbl MOXET BbITb PacLeHEHO Kak 3Ha4YMMbIA PaHHWIN MapKep
HenpoaereHepaTnBHOro Npouecca.

BbiBoAbl. BbisiBNeHO Hanm4me accoupaLim ¢ HeMPONCUXONorM4ecKUMIM nokasaTtensimm U aHHbIMU NabopaTopHOro aHanmaa KpoBu, B TOM YMCHe 1y naum-
eHTOoB ¢ goaemMeHTHbIMU KH 13 rpynnbl MOYT, B cBSA3M ¢ YeM onpeaenerne obbema 1 TONLLMHbI SHTOPUHANIBHOM KOPbI MOXET ObITb PaCLEHEHO Kak 3Ha4YMMbIIA
paHHWI Mapkep HermpoaereHepaTMBHOro npoLiecca. KomnnekcHas oueHkKa HeMponCrxXoormieckmnx, nadbopaTopHbIX 1 HEMPOBU3yanM3aLMOHHbIX METOL0B
OVAarHOCTMKK, a TakXXe NMovck 3aboneBaHnii, acCoLMmMpoBaHHbIX ¢ padsuTrem BA, Takmnx kak MNOYT, aBnseTcst akTyasnbHbIM HanpaBieHNeM, B CBSI3M C YeMm
TpebyeTcs aanbHelllee NpoBeAeHne 6onee KPYnHbIX KOrOPTHbBIX NCCNefoBaHWIA.

KntoyeBble cnoa: 60ne3Hb AnbLrenMepa; AEMEHLNS; KOTHUTUBHbIE HAPYLLIEHNS; MEPBUYHAA OTKPLITOYroNbHas rnaykoma; MP-mopdomeTpus; bruiomapke-
Pbl KPOBW; BUOMaPKEPbI CIIIOHbI; CUPTYWUHbI; COOTHOLLEeHMe AB42/AB40
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INTRODUCTION searching for other pathologies and conditions that may

trigger or be associated with AD development.

Alzheimer’s disease (AD) is a gradually progressing neu-
rodegenerative disease leading to disability and being the
most common cause of dementia. At the same time, ac-
cording to statistics, the number of patients with dementia
is steadily increasing, which attracts the research attention
toward the search for possible solutions [1].

Minimally invasive and noninvasive biomarkers of AD
remain to be unavailable for widespread use, which fre-
quently results in delayed diagnosis. When diagnosing
AD in routine practice, the patient may already have clini-
cal symptoms of dementia, which indicates the irrevers-
ible loss of 30—60% of the neurons in the temporal cortex,
in particular the hippocampus [2]. This significantly limits
the therapeutic capabilities of the clinician in affecting the
course of the disease, leading to untimely initiation of treat-
ment and irreversible changes. In addition, authors attribute
the difficulties of creating a pathogenetically-based effec-
tive AD therapy to prescribing treatment only at the stage
of clinical manifestations. At the same time, pathological
proteins, in particular beta-amyloid (Ap) that triggers the AD
continuum, begin to accumulate long before the primary
clinical symptoms of the disease appear [1]. This highlights
the relevance of timely AD diagnosis and explains the cur-
rent interest in identifying early diagnostic biomarkers and

Various studies have shown that AD is often associ-
ated with glaucoma, another progressive neurodegen-
erative disabling disease common among the population.
About 74% of the patients suffer from primary open-angle
glaucoma (POAG), which is characterized by thinning of
the retinal nerve fiber layer and peripheral vision loss, up
to complete blindness [3]. Glaucoma is assumed to be
a disease that occurs in the brain, although being clini-
cally manifested as an ophthalmological pathology. This
is confirmed by the growing amount of information about
retinal damage as a result of retrograde transynaptic de-
generation caused by neurodegenerative processes [4].
Recent observational cohort studies have confirmed that
glaucoma is a risk factor in the development of dementia
among the adult population [5].

AD and POAG share numerous similarities, both in clini-
cal and pathophysiological aspects. Thus, both diseases
are associated with cognitive impairments (Cl) of a neuro-
degenerative nature with damage to memory functioning
as one of the most important cognitive domains [6].

A sufficient number of studies have confirmed the
presence of similar links in the pathogenesis of AD and
POAG. The cardinal signs in the pathogenesis of AD are
extracellular accumulation of Ap and intracellular deposits
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of hyperphosphorylated tau protein (p-tau), which leads
to progressive death of neurons. A and p-tau accumu-
lation in the main type of retinal cells — ganglion cells
(GCs), affected by POAG, along with concomitant inflam-
mation indicate coincident pathological processes in AD
and POAG [3]. Therefore, Ap and p-tau continue to be
actively studied as early diagnostic biomarkers of these
two diseases.

The gold standard of lifetime diagnosis of AD involves
determination of markers in the cerebrospinal fluid (CSF)
using positron emission tomography (PET) of the brain.
However, this approach fails to meet the criteria of wide-
spread availability and minimally invasiveness, making the
search for other early diagnostic biomarkers for AD highly
relevant. It should be emphasized that, since 2023, the
revised AD criteria of the National Institute for Aging and
the American Alzheimer’s Association (National Institute on
Aging, NIA-AA) have already included more widely available
and less invasive accurate blood tests. Thus, the following
are currently indicated as the main AD biomarkers in blood
plasma: p-tau 217, the ratio of p-tau 217/np-tau 217 [7].

The Ap42/Ap40 blood plasma ratio is increasingly at-
tracting attention as an important diagnostic indicator.
Investigations showed that a lower Ap42/AB40 ratio in
blood plasma corresponded to a higher level of amyloid
cortical load. Clinically and according to neuropsychologi-
cal testing, a more pronounced cognitive dysfunction was
observed, followed by an increased risk of dementia [8, 9].
Research into the diagnostic accuracy of this biomarker is
underway, making the study of the Ap42/Ap40 ratio in the
blood of POAG patients particularly relevant.

In addition to the classical amyloid theory of patho-
genesis, which explains the development of AD and, to
a lesser extent, POAG, other pathogenetic links should
also be investigated. Recent studies into the processes
underlying neurodegenerative diseases have shown that
neuron death is influenced by a number of factors, includ-
ing excitotoxicity, oxidative stress, mitochondrial dysfunc-
tion, inflammation, and apoptosis. Various cell groups of
the body, including the central nervous system, comprise
a family of sirtuin proteins (Sirt) that are involved in almost
all of the above links; disruption of the Sirt contributes to
the development of degenerative processes.

Seven mammalian sirtuins — Sirt 1-7 — are involved
in the regulation of metabolism in many tissues, pre-
sumably playing an important role in the pathology of
AD and POAG [10]. For example, the induction of Sirt1
expression is believed to weaken neuron degeneration
and death in AD animal models. Thus, the authors in-
vestigating ophthalmological pathologies [11] found that
increased Sirt1 expression protects against diseases as-
sociated with eye damage due to oxidative stress, includ-
ing optic nerve degeneration in patients with glaucoma.
Sirt3 plays a protective role in AD and ophthalmological
pathology, ensuring the normal functioning of mitochon-
dria [12]. In addition, Sirt6 is known to alter neurogenesis
in the hippocampus in adults, affecting the number of
glial and neuronal cells, and thus may also contribute to
the development of AD. A study of Sirt in the pathogen-
esis of glaucoma found that Sirt6 is highly expressed in
GCs. Removal of Sirt6 in GCs led to a progressive loss
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of these cells and optic nerve degeneration [13]. In this
context, the study of Sirt in biological fluids as early diag-
nostic biomarkers for AD and POAG can be considered
as an important research area.

Neuroimaging, MR morphometry in particular, is
another essential element in the early diagnosis of AD.
Interestingly, similar such changes were observed in AD
and glaucoma. Thus, according to a number of authors
[14, 15], glaucoma affects not only the central visual cor-
tex, but also other areas of the brain (e.g., the temporal
lobes) that intersect with the areas affected in patients
with AD, which also suggests a relationship between the
two diseases.

This study is aimed at studying early diagnostic bio-
markers in biological fluids and neuroimaging changes
based on the results of MR morphometry in patients with
AD and POAG followed by their comparative analysis.

MATERIALS AND METHODS

The research sample included 90 patients with con-
firmed diagnoses of AD or POAG, aged from 40 to 90
years, who are native speakers of the Russia language.
The patients were lucid, without pronounced impair-
ments of motor (on the Medical Research Council (MRC)
Scale for Muscle Strength at least 4 points in the lead-
ing arm) and speech functions, without chronic diseases
decompensation and other clinically significant neuro-
logical pathologies, history of mental disorders, without
the brain MRI absolute contraindications and anxiety-
depressive disorders according to the Hospital Anxiety
and Depression Scale (HADS) [16, 17].

Following diagnostics, the study participants were di-
vided into two groups: group 1 — 45 patients (9 men and
36 women, 20% and 80%, respectively) with AD; group
2 — 45 people (17 men and 28 women, 37.8% and 62.2%,
respectively) with POAG. There were no statistically signifi-
cant age differences when comparing the two groups: in
group 1, the average age was 71 [66; 77] years, compared
to 66 [61; 71] years in group 2.

The neurological status all patients was assessed.
The state of cognitive functions was evaluated using a
set of standard neuropsychological techniques. The Mini
Mental State Examination (MMSE) and Montreal Cognitive
Assessment (MoCA) were used for integrative assess-
ment of cognitive functions. The MMSE scale includes
the following indicators: orientation, registration, atten-
tion and calculation, recall, and language. The maximum
number of points on the MMSE scale is 30. The scale
was used as a screening tool for cognitive impairments
(CI): 28-30 points — normal, 25-27 points — moderate
Cl, 24 points and less points — severe Cl (dementia). The
MoCA scale is more sensitive for the diagnosis at the stage
of moderate Cl. On the MoCA scale, the following were as-
sessed: executive and visuospatial function (include clock
drawing test), naming, attention, language, abstraction, de-
layed recall, orientation. The maximum score on the MoCA
scale was 30 points; the total score of less than 26 was re-
garded as CI [18, 19]. Auditory and verbal memory was as-
sessed using a ten-words recall test (A.R. Luria). Normally,
after the first memorization, the patient should reproduce
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at least five words, after the 5th memorization — at least 9
words. The difference between the last immediate and de-
layed reproduction in healthy individuals is usually no more
than one word [20]. In order to include patients with anxiety
and depressive disorders in the study, the Hospital Anxiety
and Depression Scale (HADS) was used during the initial
screening.

Blood and saliva samples were collected from all the
patients. For biomarker assessment of the Ap42/AB40 ra-
tio in blood plasma, enzyme immunoassay kits were used:
for determining of beta-amyloid peptide 1-40 (CEA864Hu
Enzyme-linked Immunosorbent Assay Kit For Amyloid Beta
Peptide 1-40 (Ab1-40) Cloud-Clone Corp) and for deter-
mining of beta-amyloid peptide 1-42 (CEA946HuU Enzyme-
linked Immunosorbent Assay Kit For Amyloid Beta Peptide
1-42 (Ab1-42)).

For saliva biomarker assay, enzyme immunoas-
say kits were used: Sirt1 (SEE912Hu Enzyme-linked
Immunosorbent Assay Kit For Sirtuinl (Sirt1)), Sirt3
(SEE913Hu Enzyme-linked Immunosorbent Assay Kit
For Sirtuin 3 (Sirt3)), Sirts (SEE915HuU Enzyme-linked
Immunosorbent Assay Kit For Sirtuin 5 (Sirtd)), Sirt6
(SEE916HU Enzyme-linked Immunosorbent Assay Kit For
Sirtuin 6 (Sirt6)).

For laboratory tests, blood was taken from the periph-
eral vein using a vacuum system into Vacutest vacuum
tubes with K3EDTA (4 mL) anticoagulant in the morning on
an empty stomach. Tubes with a blood sample (no later
than 30 min) were subjected to centrifugation. Blood for
plasma production was centrifuged on an Awel CF108-R
centrifuge for 15 min at 4000 rpm at a temperature of
2-8°C. After centrifugation, aliquoting was performed into
1 mL Eppendorf tubes, after which they were placed in
a cryostat for subsequent freezing and storage at a tem-
perature of minus 80°C for further laboratory analysis.

Saliva was collected on an empty stomach after
brushing teeth in a plastic centrifuge tube (2-3 mL). To ob-
tain the filler liquid, the biomaterial tube was centrifuged
for 20 min at 4000 rpm. The filler liquid was taken using
a Pasteur pipette and transferred to 1.5 mL Eppendorf
tubes. Prior to the laboratory examination, the samples
were stored in a cryostat in a frozen state at a temperature
of minus 80°C.

All subjects underwent an MRI scanning of the brain
followed by morphometric processing. The studies were
performed on a 3.0 Tl Discovery MR750w tomograph
(GE Healthcare, USA) using a 32-channel head coil. The
scanning took place according to a single protocol for all
participants. T1-, T2-weighted images, DWI, DWI, and T2-
FLAIR were used to evaluate the brain structure and their
selection for the study. T1-weighted images (when the
patient was turned on) were used for morphometry. The
IR-FSPGR sequence with an isotropic voxel of 1x1x1 mm
was used. Parameters: TR 7.7 s, TE with a Min Full opti-
mization, deviation angle 11°, bandwidth 31.25 Hz. The
processing was performed automatically in the FreeSurfer
software, which generated maps of gray and white mat-
ter based on the Desikan-Killiany and Destrieux atlases
[21-24]. A volumetric assessment of brain regions and
measurement of the thickness of various cortical regions
were also performed.

The statistical analysis was performed using the
RStudio environment, version 2023.09.1 Build 494, and the
R programming language, version 4.3.2. The following sta-
tistical indicators were calculated for quantitative variables:
arithmetic averages, standard deviations (M + SD), median
and quartiles (Me [Q1; Q3]. When analyzing the differences
between the two groups, the parametric Student’s crite-
rion or the nonparametric Mann-Whitney criterion were
used for quantitative variables. Depending on the normal-
ity of data distribution, the Pearson correlation coefficient
or Spearman correlation coefficient was used to study the
relationships between the two quantitative variables. The
qualitative variables between the groups were compared
using the x? (Chi-squared) criterion or the exact Fisher cri-
terion if the expected frequencies were less than 5. All the
differences were considered statistically significant at a sig-
nificance level of p < 0.05.

RESULTS

The conducted assessment of cognitive functions re-
vealed a statistically significant Cl of varying severity in
patients of both groups. Thus, according to the MMSE
scale in group 1, the indicator was 18.6 + 4.8 points,
which corresponds to severe Cl (dementia); in
group 2 — 27.8 + 2.1 points, which corresponds to mod-
erate Cl (p < 0.001). The overall score according to the
MoCA scale in group 1 was also lower and amounted to
15.1 + 4.4, which corresponds to severe cognitive impair-
ment (dementia), while in group 2 moderate Cl was also
noted — 24.6 + 1.9 points (p < 0.001). Both groups of pa-
tients were characterized by impairments in the cognitive
domain of memory, with difficulties in reproducing (espe-
cially delayed) and recognizing the previously presented
material, reflecting a defect in capturing, consolidating,
and extracting information.

In the ten-words recall test, the following results
were obtained: in group 1, with direct playback (1 and
5 playback), 2.6 + 0.9 and 4.4 + 1.4 words, respec-
tively; in group 2, with direct playback (1 and 5 play-
back) — 5 + 1.2 and 8 + 1.6 words, respectively. In both
groups, there was a decrease in direct reproduction of
words, while in group 1, the decrease was more signifi-
cant with both 1 and 5 reproductions (p < 0.001). With
delayed playback of 10 words in the memorization test, a
more pronounced decrease in the level of memorization
was also recorded in group 1 compared to patients from
group 2: 1.3 = 1.5 words and 6.4 + 2 words, respectively
(b < 0.001).

Table 1 shows the results of blood and saliva ELISA
with biomarker assessment in the two compared groups.
According to the comparative analysis, no statistically sig-
nificant differences of biomarkers in biological fluids were
obtained. At the same time, it should be noted that the
blood plasma Ap42/AB40 ratio of patients from group 1 is
lower than in patients from group 2.

Table 2 shows the results of MR morphometry in the
two compared groups. Statistically significant differences
(p < 0.05) were revealed for all the studied MR morphom-
etry parameters. At the same time, both the volume and
thickness of brain structures were lower in group 1.
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In the course of the study, an assessment of correla-
tional relationships was carried out. In group 1, a decrease
in the level of Sirt3 in saliva correlated with a deterioration
in direct reproduction (fifth reproduction) in the ten-words
recall test (R = 0.43; p = 0.003). In group 2, there were no
correlations between the studied neuropsychological pa-
rameters and biomarkers in biological fluids (p > 0.05).

Unlike biomarkers in biological fluids, the analysis of the
relationship between cognitive indicators and the results of
MR morphometry revealed the presence of a significantly
larger number of correlations.

In group 1, a decrease in the overall MMSE score
was associated with a decrease in the volume of the
right (R = 0.31 p = 0.038) and left hippocampus; the right
(R = 0.41; p = 0.006) and left entorhinal cortex (R = 0.34;
p = 0.022); the thickness of the left cingulate gyrus
(R = 0.36; p = 0.017) according to MR morphometry data.
Two of these neuroimaging parameters were correlated
with the MoCA school: the volume of the left hippocampus
(R = 0.31; p = 0.04), and the thickness of the left cingulate
gyrus (R = 0.36; p = 0.016).

In group 2, a decrease in the overall score on the MMSE
scale correlated with the volume of the right entorhinal cor-
tex (R = 0.39; p = 0.007); on the MoCA scale, the volume of
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the right entorhinal cortex (R = 0.34; p = 0.024), the volume
of the left (R = 0.44; p = 0.003) and the right cingulate gyrus
(R=0.37,p =0.012).

In patients with AD (group 1), the results of the ten-words
recall test (decreased direct reproduction) were correlated
with a decrease in the volume of the left entorhinal cortex
(R = 0.31; p = 0.04); in group 2 — with a decrease in the
volume of the right entorhinal cortex (R = 0.48; p < 0.001). A
decrease in delayed playback according to the ten-words
recall test in patients from group 1 with AD was associated
with a decrease in the volume of the right hippocampus
(R = 0.34; p = 0.021), the volume of the left hippocampus
(R = 0.5; p < 0.001), the volume of the left entorhinal cortex
(R =0.32; p = 0.035), the thickness of the left the entorhinal
cortex (R = 0.43; p = 0.003).

A correlation analysis of the parameters studied in
biological fluids and the obtained MR morphometry data
was performed for the two examined groups. In group 1,
a correlation was found between a decrease in the blood
AB42/AB40 ratio and a decrease in the following indicators
according to the results of MR morphometry of the brain:
the volume of the right hippocampus (R = 0.33; p = 0.028),
the thickness of the right (R = 0.37; p = 0.012) and the left
entorhinal cortex (R = 0.38; p = 0.01), thickness of the right

Table 1. Comparative characteristics of biomarkers in biological fluids in two groups

Parameter Group 1, n=45 Group 2, n=45 p-value

ApB42/AB40 ratio 0.129 + 0.097 0.164 + 0.106 0.104
Sirt1, ng/mL 0.22727 + 0.1649 0.21932 + 0.18647 0.648
Sirt3, ng/mL 0.064 + 0.022 0.086 + 0.127 0.601
Sirt5, ng/mL 0.0191 + 0.0151 0.0192 + 0.017 0.886
Sirt6, ng/mL 0.1342 + 0.0694 0.1182 + 0.0586 0.398

Table prepared by the authors using their own data

Note: Data is presented in the form of a mean value and a standard deviation (M + §).

Table 2. Comparative characteristics of MR morphometry results in two groups

Parameter Group 1, n=45 Group 2, n=45 p
Volume, mm?
Right hippocampus 3208.2 + 486.3 3862.4 + 630.2 <0.001
Left hippocampus 3100.2 + 523.8 3824.5 + 610.6 <0.001
Right entorhinal cortex 1284.6 + 545.4 1633.4 + 379.1 <0.001
Left entorhinal cortex 1238.4 + 477 1778 + 389.7 <0.001
Right cingulate gyrus 1972 + 331.3 2194.2 + 359.8 <0.001
Left cingulate gyrus 2170.9 + 283.5 2344.8 + 361.5 0.002
Thickness, mm

Right entorhinal cortex 2.7011 + 0.5304 3.2073 + 0.3903 <0.001
Left entorhinal cortex 2.4711 £ 0.5169 3.1506 + 0.3561 <0.001
Right cingulate gyrus 2.0273 + 0.188 2.2267 + 0.2379 <0.001
Left cingulate gyrus 2170.9 + 283.5 2344.8 + 361.5 <0.001

Table prepared by the authors using their own data

Note: Data is presented in the form of a mean value and a standard deviation (M =+ ).
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cingulate gyrus (R = 0.3; p = 0,042). In group 2, a corre-
lation was found between a decrease in the blood Ap42/
AB40 ratio and a decrease in the volume of the right en-
torhinal cortex (R = 0.31; p = 0.037). There were no correla-
tions between the levels of Sirt1, 3, 5, and 6 in saliva and
the results of MR morphometry.

DISCUSSION

According to a number of publications, the relationship be-
tween the development of AD and POAG has been known
for quite a long time. Thus, changes in the eye reflect path-
ological processes in the brain, including those associated
with neurodegenerative diseases such as AD, have been
identified. Due to the presence of several characteristics in
common, AD and glaucoma are hypothesized to be mani-
festations of the same pathological process with heteroge-
neous manifestations. Indeed, the frequency and severity
of both conditions increase with age, and the prevalence
of glaucoma is higher in patients with AD than in the gen-
eral population [5, 6]. The above highlights the relevance of
studying the relationship between these two diseases, in-
cluding with respect to the search for common biomarkers.

In this work, we set out to assess the cognitive sphere
of patients in two study groups and confirmed the previous
data that patients with both POAG and AD demonstrate
Cl of various levels. At the same time, Cl were less pro-
nounced in patients with POAG. However, despite signifi-
cant statistical differences between groups 1 and 2 in the
severity of cognitive dysfunction, similar impairments were
noted according to the results of neuropsychological tech-
niques. In particular, this concerns memory impairment of
the hippocampal type, which demonstrates the neurode-
generative nature of Cl for both diseases [6].

In our study, ELISA was used to determine the AB42/
APB40 ratio in blood plasma; no statistical differences were
found between the two groups. However, in group 1, AD
patients had a lower plasma ratio of Ap42/Ap40. Our results
agree well with other studies that consider POAG, a neu-
rodegenerative ophthalmological disease, to be a possible
predictor of AD development [25-27]. Our data are consist-
ent with most of the studies conducted, which postulate
that a lower AB42/AB40 ratio in blood plasma is associated
with a higher amyloid cortical load according to PET data
and an increased risk of dementia in AD [9]. At the same
time, higher Ap42/Ap40 ratios in patients with POAG can
be explained by the difference in the severity of cognitive
deficits.

The diagnostic accuracy of AD biomarkers in the blood
is still inferior to those in cerebrospinal fluid, having a num-
ber of disadvantages and thus requiring further work in this
direction. However, the appearance of accurate plasma
analyses in the revised NIA-AA AD criteria of 2023 [7] gives
hope that blood biomarkers may shortly become a promis-
ing screening method for determining the risk of developing
AD, as well as, possibly, an early diagnosis tool.

It should be emphasized that saliva is another potential
biological substrate used in the diagnosis of neurodegen-
erative diseases. Numerous studies have addressed the
issue of using various biomarkers of neurodegenerative
pathologies, including in AD. Similar to our study, the work

by Pukhalskaia et al. [28] studied the level of Sirt in saliva.
It was found that the levels of Sirt1, Sirt3, and Sirt6 were
significantly lower in the group of AD patients compared
to the group of healthy individuals, while the levels of Sirts
did not differ significantly. Our study included patients diag-
nosed with both AD and POAG, i.e., two neurodegenera-
tive diseases. This may explain the absence of statistical
differences in the concentration of Sirt in these groups.
It should be noted that evaluation of biomarkers in saliva
is still associated with a number of disadvantages, which
need to be overcome in the future for saliva biomarkers
to be considered potential diagnostic tools. Currently, the
literature data in this field remains contradictory.

Our work produced interesting results regarding the
correlation between Sirt3 and the ten-words recall test,
which evaluates auditory-verbal memory, one of the most
important cognitive functions that suffer in AD. Some au-
thors believe that Sirt3 plays a key role in the AD patho-
genesis [29]. The current mechanisms of Sirt3 action in AD
mainly include an increase in the level of ATP in mitochon-
dria and stimulation of mitochondrial biosynthesis, activat-
ing and enhancing mitochondrial dynamics, countering oxi-
dative stress, and regulating neuron excitability. Sirt3 plays
a protective role in AD. Animal studies have demonstrated
a correlation between a decrease in the concentration of
Sirt3 in blood plasma and a decrease in cognitive function
in mice [30, 31].

The analysis of MR morphometry data in group 1 of
patients showed a statistically significant decrease in the
volumes of the right and left hippocampus, right and left
entorhinal cortex and cingulate gyrus, as well as the thick-
nesses of the right and left entorhinal cortex and cingu-
late gyrus relative to group 2. The results obtained seem
reasonable, since these structures are of key importance
in the realization of cognitive functions and their disorder
is an AD pathognomonic sign. Some publications pro-
vide evidence that neuroimaging biomarkers for diagno-
sis and progression of basal medial temporal structures
of the brain have been recently adopted. However, the
most vulnerable parts of the medial temporal structures of
the brain, which are responsible for the progression of the
neurodegenerative process, from the stage of moderate
Clto dementia in AD, are atrophy of the hippocampus, en-
torhinal cortex, and cingulate gyrus [32]. This is consistent
with the results of our study. It should be noted that our
data on the statistically significant differences between
groups 1 and 2 in terms of MR morphometry may demon-
strate the progression of the neurodegenerative process
and depend on the severity of Cl.

In our work, correlations were identified between neu-
ropsychological tests and MR morphometry data. Thus, in
AD patients, a decrease in the total score on integrative
scales (MMSE, MoCA) correlated with a decrease in the
volume of the right and left hippocampus, the volume of
the right and left entorhinal cortex, and the thickness of the
left cingulate gyrus. In POAG patients, a decrease in the
total score on integrative scales (MMSE, MoCA) correlated
with a decrease in the volume of the right entorhinal cortex,
the volume of left and right cingulate gyri. In both groups,
a decrease in the naming of the number of words on the
ten-words recall test was associated with a decrease in
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the volume of the entorhinal cortex. At the same time, both
in group 1 (patients with AD) and group 2 (patients with
POAG), a decrease in the blood Ap42/AB40 ratio was as-
sociated with a decrease in the volume of the left entorhi-
nal cortex and the volume of the right entorhinal cortex,
respectively.

The entorhinal cortex is located in the cortical region
adjacent to the hippocampus, occupying most of the para-
hippocampal gyrus. It plays the role of a connecting link in
the information exchange between the associative regions
of the neocortex and the hippocampus. It should be noted
that the entorhinal cortex forms connections not only with
the hippocampus, but also with the cingulate gyrus. The
entorhinal cortex, in turn, receives highly processed infor-
mation from all sensory modalities, contributing to cogni-
tive processes, memory in particular. Recent MRI studies
have revealed that the entorhinal cortex is affected primarily
in AD [33-34]. Given the established correlation in our two
groups between a decrease in the volume of the entorhi-
nal cortex and both a decrease in the Ap42/AB40 ratio and
neuropsychological parameters, this neuroimaging param-
eter can be regarded as a significant early marker of the
neurodegenerative process.

CONCLUSION

The results obtained allow us to assume a similar nature
of the neurodegenerative process in both AD and POAG.
Therefore, POAG may be considered as a predictor of
AD development. Considering the above, all patients with
POAG may be recommended to undergo a neuropsycho-
logical examination in order to diagnose cognitive disorders
early and receive timely therapy.

At the same time, the conducted laboratory analysis
indicates a relationship between the two neurodegen-
erative pathologies. Moreover, the study of the Ap42/
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