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Abstract
Introduction. Frailty and mild cognitive impairment (MCI) are common geriatric syndromes. Peripheral serum cholinesterase (pChE) is a labora-
tory indicator that may reflect dysfunction of cholinergic processes in the central nervous system. Published data demonstrate the potential utility
of pChE as a marker for a range of neurodegenerative disorders.
Aim. This study aimed to identify and investigate the relationship between serum pChE levels in patients and various screening scores of cognitive
status, frailty, and metabolic parameters.
Materials and methods. The study included 50 women aged over 60 years. Screening clinical examinations were conducted, including Montreal
Cognitive Assessment (MoCA), Mini-Mental State Examination (MMSE), Frontal Assessment Battery (FAB), Age Is Not a Hindrance questionnaire,
and Charlson Comorbidity Index. A blood chemistry analysis was performed, including a kinetic colorimetric assay of serum pChE.
Results. The Age Is Not a Hindrance score and pChE activity exhibited a moderate inverse correlation with a Spearman coefficient (rs) of -0.31;
95% confidence interval (CI) -0.5 to —0.03; p < 0.05. The MoCA scores and pChE levels also showed a moderate inverse correlation with rs of
-0.32; 95% CI: -0.55 to -0.05, p < 0.05. A high risk of MCl is defined by a pChE activity threshold point of 9978 U/L, with a sensitivity of 47% and
a specificity of 97%. The association between pChE activity and the prevalence of cognitive impairment remained significant even when different
socio-demographic and metabolic parameters were included in the regression model, odds ratio (OR) 1.0005; 95% CI: 1.0001-1.009; p = 0.01).
Conclusion. Women over 60 years of age in an outpatient setting exhibited an inverse correlation between the Age Is Not a Hindrance questionnaire
score and the pChE activity. A pChE activity of 9978 U/L or higher was associated with an elevated risk of concomitant mild cognitive impairment.
However, it is important to consider the high probability of false negatives in this context. This association persisted across a variety of clinical
and metabolic factors.
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OPUTMHATBHBIE CTATBIA. KnuHuyeckas HeBponorus
AKTUBHOCTb XONWUHAICTEPA3bl U KOTHUTUBHBIA CTATYC Y NOXUIbIX XEHLLWH

AKTHUBHOCTb CbIBOPOTOYHOU XOJIUHICTEPA3DI
y HO>KUJbIX MAalMEHTOK C pa3/InYHbIMU
CKPUHHMHIOBbIMU II0Ka3aTe/JaIMM OLEHKU

KOrHUTUBHOIO CTaryca U CTapueCcKO! acTeHUu!U
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AnHoTanug
Beedenue. Cmapueckas acmenus (CA) u ymepenHvle kozHumusHvie Hapywenus (YKH) aengtomes pacnpocmpanénHslMu 2epuamputeckumu CuH-
Opomamu. [lepucpepuueckas xonunacmepasa (ITX9) cbiéopomku kposu f675emes NOMeHYUATbHbIM IA00PAMOPHbLM NOKA3AMeneM, Ompaxdaio-
WUM OUCYHKYUIO XOTUHEPZUHECKUX NPOYECCO8 8 LeHmpabHoli HepgHoli cucmeme. OnyOnuKogaHs! OaHHble, c8UOeMebCMBYIouUe 0 B03MOX-
Hocmu ucnob3o8anus [1XD 6 kauecmee Mapkepa pasnuuHbLx HelipodezeHepamueHblx 3a0071e8aHULL
Llenv — eviasneHue u usyuenue 6aaumocsasu axmuerocmu IIX3 coleopomku Kposu y NAyUeHmox ¢ pasnutHblMU CKPUHUH206bIMU NOKA3AMeNAMU
KozHumugHo2o cmanmycd, CA u Memabonuueckux napamempos.
Mamepuanst u memodot. B uccnedosanue Gvinu exouerst 50 xenwun cmapuie 60 nem. [IpogedeHo ckpuHuH2080€ KAUHUYeCkoe 00cnedosanue:
Monpeanvckas koznumusnas wkana, Kpamkas wikana oyeku kozHumueHo2o cmamyca, 6amapes mecmog Ha 100Hyi0 OUCYHKUYLUIO, ONPOCHUK
«Bospacm ne nomexa», undexc komopoudrocmu Yapacoua. Beinonnero Guoxumuueckoe o6cnedosanue, exiouaguiee onpedenerue [1X9 cvigopom-
KU KPOBU KUHemUUecKuM KOJOPUMEmPUHeCKUM MemodoM.
Pesynsmamt. [Tokazamenu onpockuka «Bospacm He nomexa» u akmusrocmy [IX9 obnadaiom obpamHoti ymepenoti koppensyuet, koadpuyu-
ewm Cnupnmena (rs) = —0,31, 95% dosepumenvhviii unmepean (JJ1): —0,54-(-0,03); p < 0,05. ITokazamenu wikanst MoCA u akmusHocms [IXD makxe
o6nadanu ymepenoti obpamuoti koppensyuetl: rs = -0,32; 95% J1 -0,55-(-0,05); p < 0,05. ITopozogas mouka axkmusrocmu [1XD 9978 EJ/n nos-
gongem ¢ uyscmeumesnsHocmyto 47% u cneyucpuunocmoto 97% onpedenums 6bICOKUL PUCK YMEPEHHbIX KOZHUMUBHbIX HapyweHut. Accoyuayus
mesxdy noxazamensamu [1X3 u pacnpocmpaHéHHOCMbl0 KOZHUMUBHBIX HAPYUIEHULI COXPAHANACH NPU 86e0eHUL 6 PE2PECCUOHHYI0 MOOeb COYUAy-
Ho-OeMozpaghuueckux u memabonuteckux napamempos: omxowerue warcos 1,0005; 95% M 1,0001-1,009; p = 0,01.
3axmouenue. V xenwun cmapue 60 nem, Habmodaiowuxcs ambynamopHo, 8vi96eHa 00pamHas koppensyus nokasamesneii onpocHuka «Boapacm
He nomexa» u axkmugrocmu I1X3. Vposenw axmusrocmu IIXD 9978 EJl/n u ebluie accoyuuposancs ¢ 6bICOKUM PUCKOM COMYMCMBYIOUUX YMEPEHHbLX
KOZHUMUBHBLX HAPYWIEHUL], NPU JIMOM BAXHO Y4UMbIBAM, OObULYIO 8ePOSMHOCL JIOKHOOMPULAMETbHbIX Pe3yTbmamos. JJaHHas accoyuayus
COXPAHANACH 8 YCTI0BUAX 8030elicmeus pasiuUHbLX KAUHUYECKUX U MEMAboNuueckux (haxmopos.

Kntouegvie cnoea: cmap4deckas acmeHus, KOZHUMUBHblE HapyweHus, Xo/luHacmepasada, 6uomap1<ep; duazHocmuka

druueckoe yTBepkeHue. VccnenoBanye mpoBeseHo Npu A06pOBOIBHOM HHGOPMUPOBAHHOM COIIACKHH MALMeHToB. [IpoTo-
KOJI MICC/Ie/I0BaHKs! O00peH JI0KaIbHbIM 3THYECKIM KOMUTETOM YpasIbCKOro rocyAapCTBeHHOTO MeMLIMHCKOTO YHIBEpCHTeTa
(mpoTokon N2 9 ot 18.12.2020).

Hcrounuk ¢uHaHCHpOBaHUS. VccienoBaHne BBIIONHEHO B paMKax IPaHTa, MOJy4YeHHOTr0 [0 pe3y/ibTaTaM KOHKypca MoJo-
npix yuéneix «Hayunas Beicota — 2023», dbuHaHCHpyeMoro MHCTUTYTOM BbICOKOTEeMIepaTypHoit anektpoxumun YpO PAH.

Kondnukr nnTepecoB. ABTOpHI IeK/IapUpYIOT OTCYTCTBUE ABHBIX U OTEHLMAIbHBIX KOH(IMKTOB NHTEPECOB, CBS3aHHBIX
¢ nyO/nMKalyeil HacTosmel cTaTby.

Anpec ans xoppecnonnennuu: 620066, CeepasioBckas obmacts, Exarepun6ypr, yiu. Akagemudeckas, 1. 20. UHCTUTYT BbICOKO-
TemnepatypHoit anekrpoxumun YpO PAH. E-mail: antonkodintsev@mail.ru. Koguuues A.H.

Nna nutupoBanus: Koaunues A.H., Bonkosa JI.M. AKTUBHOCTb CbIBOPOTOUHOM X0NMMHACTEPAa3bl Y MOKUIIbIX NALMEHTOK C pas-
JIMYHBIMY CKPUHUHTOBBIMU TOKa3aTeNsIMH OLEHKM KOTHUTHBHOIO CTAaTyca M CTAapuecKoll acTeHWH. AHHAb! KAUHUYecKOU U
aKcnepumeHmanvHoti Heaposnozuu. 2024;18(4):27-37.

DOI: https://doi.org/10.17816/ACEN.1097
Tocrymuna 22.02.2024 / Mpunsra B nevars 29.07.2024 / Ony6nukoBana 25.12.2024

28 AHHarsbl KITMHNYECKOH 1 9KcriepumeHTanbHov Hesposorum. 2024. T. 18, Ne 4. DOI: https://doi.org/10.17816/ACEN.1097



ORIGINAL ARTICLES. Clinical neurology

Introduction

The increase in life expectancy is responsible for the growing
proportion of elderly and senile individuals in Russia, which
requires the development of personalized medical care for
patients over 60 years of age. Aging is associated with the
onset of geriatric symptoms, a multifactorial age-related clin-
ical condition that increases the risk of adverse outcomes
and functional impairment [1]. In this regard, physicians
of various specialties are increasingly encountering clinical
manifestations of frailty and cognitive impairment in their
practice. Pre-frailty and frailty are more common in females
than in males [2]. Data suggesting an association between
frailty and cognitive impairment have been published. In par-
ticular, frailty is associated with an increased risk of cognitive
impairment of various origin and vice versa [3, 4]. Further-
more, cognitive frailty (CF) is currently being recognized as a
distinct nosological entity, combining features of frailty and
cognitive impairment. The prevalence of CF is 6 to 16% in the
population over the age of 60 years [5].

In this context, there is an increasing need for timely diag-
nosis and personalized management strategy for patients at
high risk of developing frailty in combination with cognitive
impairment. A relevant diagnostic focus is to search for po-
tential biomarkers that can be used as a patient stratification
system, since frailty and cognitive impairment are currently
diagnosed primarily by clinical examination.

Laboratory and instrumental diagnosis of cognitive impair-
ment in Alzheimer's disease (A/T/N (B-amyloid/tau protein/
neurodegeneration) system) is expensive and inaccessi-
ble and involves the use of labor-intensive methods (posi-
tron-emission tomography, lumbar puncture, biopsy) [6]. This
approach is not commonly employed in clinical practice, thus
the pursuit of more accessible and comparable biomarkers in
terms of accuracy continues [7].

Specifically, the level of peripheral serum cholinesterase
(pChE) is an available indicator whose level changes may
serve as a predictor of the development and progression of
neurodegenerative processes associated with cognitive im-
pairment [8]. PChE is an o-glycoprotein synthesized by the
liver and existing in two main forms: acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE). In blood, the ratio
of BChE to AChE is 4125 : 1, but AChE is the more active
enzyme [9]. In clinical practice, the assessment of BChE and
pChE levels is used to diagnose organophosphate poison-
ing [10].

Recently, more and more data have emerged indicating a
decrease in pChE activity in frailty, but a number of scienti-
fic papers show different changes in the levels of AChE and
BChE in Alzheimer's disease and other neurodegenerative
processes, making it difficult to formulate unified diagnos-
tic algorithms [11-13]. Despite the clear correlation of pChE

Cholinesterase activity and cognitive status in elderly women

activity with frailty and cognitive function scores, the valid-
ity and clinical significance of this parameter have not been
studied, including in the presence of concomitant metabolic
disorders. There is a lack of data on threshold enzyme levels
that can be used as predictive values. Therefore, investigat-
ing the diagnostic role of pChE may be a promising area
of personalized medicine. This parameter may be potential-
ly employed not only as a laboratory marker of cognitive
impairment and frailty, but also as a laboratory indicator
of the efficacy of drug therapy for these conditions.

The aim of the study was to identify and investigate the
relationship between serum pChE activity in elderly patients
and various screening scores of cognitive status, frailty, and
metabolic parameters.

Materials and Methods

A total of 50 women over 60 years of age on the record of
the outpatient clinic of the Institute of High Temperature
Electrochemistry, Ural Branch of the Russian Academy of Sci-
ences (Ekaterinburg) were randomly selected to participate in
a single-time cross-sectional study. A comprehensive clinical
examination was conducted to form the main referral sample,
with inclusion and non-inclusion criteria applied. The Study
Protocol and the Informed Consent Form (ICF) were approved
by the Local Ethics Committee of the Ural State Medical Uni-
versity (meeting minutes No. 9 dated 18 December, 2020).

Study design: single-time cross-sectional study.

Inclusion criteria:

o female;

o age > 60 years;

o signed ICE.

* Non-inclusion criteria:

* severe decompensated somatic, neurological, or psychiat-
ric conditions;

¢ inability to perform neuropsychological testing due to the
severity of somatic condition and mental disorders (de-
mentia and/or depression according to neuropsychologi-
cal testing: Geriatric Depression Scale-15 score 5 or higher,
life history data);

¢ treatment with parasympathomimetics, muscarinic recep-
tor antagonists, AChE inhibitors;

o chronic hepatitis, severe and decompensated liver disease.

A validated Age Is Not a Hindrance questionnaire was used
to evaluate the frailty severity. The questionnaire scores were
evaluated as follows: 0 — no signs of frailty; 1-2 — signs of
pre-frailty; 3 and more — signs of frailty. For a more reliable
assessment, scores of 0—-2 were considered as low risk of frail-
ty, while scores of 3 or more were considered as high risk of
frailty [14]. The Age Is Not a Hindrance questionnaire scores
demonstrate greater sensitivity for detecting an elevated
risk of frailty compared to the thresholds recommended
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in the Clinical Guidelines on frailty [15, 16]. O.N. Tkacheva et al.
showed that the sensitivity was 87% for threshold score > 3
and 46.7% for the threshold score > 5 in relation to the frailty
index. Compared to the frailty phenotype model, the sensi-
tivity was 93% for the threshold score > 3 and 46.4% for the
threshold score > 5. Thus, the threshold score point > 3 on
the Age Is Not a Hindrance questionnaire is more valuable as
a screening tool for frailty [16].

Three validated scales were used to assess cognitive status:
Mini-Mental State Examination (MMSE), Montreal Cognitive
Assessment (MoCA), and Frontal Assessment Battery (FAB).
Mild cognitive impairment was diagnosed at MoCA score < 26
and MMSE score > 24. The FAB results were interpreted in
conjunction with the MMSE and MoCA scores.

The Charlson Comorbidity Index was used to assess the long-
term prognosis of patients. Comorbidity (hypertension, type 2
diabetes mellitus (T2DM), postmenopausal osteoporosis,
nonalcoholic fatty liver disease) data were established from
medical history (outpatient record data).

Measuring peripheral cholinesterase activity

Venous blood was drawn in the treatment room to measure
pChE levels. The pChE level was estimated by means of a
kinetic colorimetric assay (Cobas 6000, Roche Diagnostics)
at NPF HELIX LLC. This assay is based on the method pub-
lished by E. Schmidt et al. [17].

Table 1. Patient demographic and clinical profile

Low frailty risk, no MCI 24 70.8+3.3 271.7+4.8
Low frailty risk, MCI 13 69.5+4.2 27.3+3.6
High frailty risk, no MCI 8 725+35 26545
High frailty risk, MCI 5 69.6 +5.9 31.5+6.0
Total 50

Table 2. Median serum cholinesterase levels in patient groups

Group n
Low frailty risk, no MCI 24
Low frailty risk, MCI 13
High frailty risk, no MCI 8
High frailty risk, MCI 5

Note. *p < 0.05 as compared to groups without MCI.

Statistical analysis

Statistica v. 10 (StatSoft Inc.), MedCalc, OpenEpi (http://
www.openepi.com) were used for data processing. The se-
lection of the criterion and test for statistical analysis was
based on the evaluation of the normality of the distribution
of each parameter conducted using Kolmogorov—Smirnov
and Shapiro-Wilk tests. In the event that the data exhibit-
ed a normal distribution, the mean and standard deviation
values were used for description, with the analysis con-
ducted using parametric methods. In other instances, the me-
dian, lower and upper quartiles were employed for descriptive
purposes, and nonparametric tests were utilized for analysis.
The qualitative data were compared using the ¥? criterion
and Fisher's exact test (when the ¥? criterion was not ap-
plicable) due to the independence of the samples. A ROC
analysis with area under curve (AUC) estimation, univari-
ate and multivariate logistic regression, and multiple linear
regression were employed in the study. The threshold for
statistical significance is p < 0.05. In the event of negative
results, the probability of a type II error was estimated, and
the study power was calculated.

Results

A total of 50 women aged over 60 years (mean age 70.2 £
4.2 years) were included in the study. Patients were catego-
rized into 4 groups according to their frailty and cognitive
function scores (Table 1). The majority of patients (37-74%)

perensionn daboes MO Posimenopaua
mellitus, n ? ’
19 4 15 10
10 3 7 6
7 1] 3 1
4 1 2 1
40 8 27 18

Serum cholinesterase, U/I

median min-max
8195 6962-9467
9603* 9061-10 952
8137 7772-9339
8685* 7206-8714
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Fig. 1. Median blood cholinesterase levels in patient grouEs.
1 — low frailty risk, no MC; 2 — low frailty risk, MCI; 3 — high frailty
risk, no MCI; 4 — high frailty risk, MCL

exhibited low frailty risk, with a higher prevalence of those
without MCI (n = 24).

The patients in the groups did not differ significantly by age
and BMI (two-way ANOVA; p > 0.05), prevalence of hyperten-
sion, T2DM, postmenopausal osteoporosis, and presence of
higher education (y? criterion > 0.05). Therefore, the obtained
samples were comparable in terms of the main socio-demo-
graphic and certain clinical characteristics.

A Kruskal-Wallis test, followed by subgroup analysis, re-
vealed that, although there was no statistically significant
difference in pChE activity (H = 5.6; p = 0.13), higher pChE
levels were observed in the patient groups with MCI (ir-
respective of the frailty risk) (Table 2).

Therefore, it can be assumed that the level of pChE is more
strongly correlated with cognitive impairment than with the
high frailty risk (Figure 1). To clarify this relationship, it was
necessary to examine pChE levels, frailty scores, and cogni-
tive status.

Relationship of cholinesterase levels to frailty assessment

When the correlation was evaluated, an inverse relationship
was found between the pChE level and the Age Is Not a Hin-
drance questionnaire scores, Spearman's rank correlation co-
efficient (rs) = —0.31, 95% CI: —0.541—(-0.0334); p < 0.05. How-
ever, pChE activity was not significantly different between
the low and high frailty risk groups (9095 U/L (7613-9978)

Cholinesterase activity and cognitive status in elderly women
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Fig. 2. Median cholinesterase levels in low (I) and high (2) frailty
risk groups.

and 8137 U/L (7457-8756), respectively), Mann—-Whitney test
significance level (pMW) > 0.05 (Figure 2). Thus, changes in
pChE levels were not significantly associated with the high
frailty risk, despite the inverse correlation of the Age Is Not
a Hindrance questionnaire with pChE level.

The constructed logistic regression model did not yield a sig-
nificant association between elevated pChE levels and the in-
creased frailty risk, odds ratio (OR) = —1; 95% CI 0.99-1.0003.
Moreover, the absence of a significant relationship (p = 0.09)
precluded the construction of a viable linear regression mod-
el evidenced by the exceedingly low value of the coefficient
of determination (R?< 0.3), not normally distributed residuals
(Shapiro-Wilk test = 0.0075). To minimize the likelihood of
false-negative results, the power of the study was calculated
and found to be less than 80%, suggesting a high probabi-
lity of a type II error. Therefore, although a correlation was
identified between pChE activity and the Age Is Not a Hin-
drance questionnaire scores, further investigation is required
in a larger sample in order to assess a reliable relationship
between these parameters.

Relationship of cholinesterase levels to cognitive status
assessment

The relationship between pChE level and MoCA score was
assessed, revealing a moderate inverse correlation: r; = —0.32
(95% CI -0.55—(-0.05)); p < 0.05. The Mann-Whitney test re-
vealed a statistically significant difference in pChE levels be-
tween the two patient groups: 8173 U/L (7110-9256) without
MCI and 9603 U/L (8267-11418) with MCI, pMW = 0.008.
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Therefore, an inverse correlation was identified between MoCA
scores and pChE levels. Higher enzyme levels were found to
be associated with a lower score on this scale: OR = —1.0005;
95% CI 1.0001-1.009; p = 0.01, confirming the role of choliner-
gic deficiency in developing the cognitive impairment.

Although there is a correlation between pChE level and MoCA
score, no significant association was found between changes
in pChE level and MMSE score or FAB. In clinical practice,
the MoCA scale is more sensitive than MMSE in diagnosing
different variants of MCI in patients over 60 years of age
[18]. We can therefore conclude an association of pChE level
and MCL A ROC analysis was performed for a more detailed
evaluation (Figure 3).

According to the ROC-analysis, the sensitivity of the ChE
threshold level of 9978 U/L (according to the Youden index)
for detecting MCI was 47% (95% CI 24.4-71.1); specificity 97%
(95% CI 83.3-99.9); AUC = 0.725; p = 0.005. The positive pre-
dictive value of the test was 55.6%; negative predictive value
of the test —83%; diagnostic accuracy — 78%; likelihood ratio
for the positive test — 14.68; for the negative test — 0.54;
Cohen's kappa — 48.6%. The low sensitivity of pChE level
does not allow the use of this enzyme level as a laboratory
screening for MCI, but the high specificity allowed to suspect
MCl in patients with pChE level > 9978 U/L due to a very low
risk of false-positive results.

Despite the correlation between pChE levels, MoCA scores,
and Age Is Not a Hindrance questionnaire scores, no correla-
tion was found between the MoCA scores and the Age Is Not
a Hindrance questionnaire scores.
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Fig. 4. Cholinesterase level in group of patients without T2DM (1)
and with T2DM (2).

Relationship between cholinesterase level
and metabolic parameters

Data on the effect of a number of metabolic factors on serum
pChE level have recently been published and should be con-
sidered when assessing the relationship between this enzyme
level and indicators of cognitive function. The main source of
pChE is the liver, and evaluation of the effect of key metabolic
parameters (including liver disease) on this enzyme level plays
an important role in the development of a diagnostic model.
Specifically, patients with T2DM had significantly higher pChE
level compared to patients without T2DM: 10,614 (8337-11,646)
and 8346 (7279-9535) U/L, respectively; pyw < 0.05 (Fig. 4).
No correlation was found between pChE level and Charlson
Comorbidity Index scores (rs = 0.21; p > 0.05). Also, the median
pChE level was not significantly different between the group of
patients with postmenopausal osteoporosis (8465 U/L) and the
group without osteoporosis (8741 U/L), pyw > 0.05.

pChE activity correlated with alanine aminotransferase (ALT:
rs = 0.43; p < 0.05) but not aspartate aminotransferase (AST)
levels, confirming the relationship between liver functional
status and pChE levels. Despite this association, pChE le-
vel in patients with nonalcoholic fatty liver disease (NAFLD),
9110 U/L (8173-9880), was not significantly different from
that in patients without NAFLD, 8465 U/L (7242-9733);
pww = 0.43. However, it should be noted that a small number
of patients with confirmed NAFLD (n = 5) could not reliably
exclude a false-negative result.

pChE activity did not correlate with total cholesterol (rs = -0.21;
p > 0.05), alkaline phosphatase (rs = 0.11; p > 0.05), triglyceride
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Table 3. Multiple linear regression analysis of socio-demographic and clinical factors. laboratory parameters. and peripheral

cholinesterase level

Parameter

Age

Higher education

Body mass index
Hypertension

Type 2 diabetes mellitus
Non-alcoholic fatty liver disease
Postmenopausal osteoporosis
Charlson Comorbidity Index
Statins

Alanine aminotransferase
Aspartate aminotransferase
Total cholesterol

Triglycerides

Total protein

B-Coefficient p
0.56 0.764
0.183 0.659
0.272 0.621
-0.213 0.702
0.095 0.897
0.489 0.589
-0.336 0.548
0.333 0.485
0.547 0.593
-0.651 0.411
0.673 0.395
-0.142 0.874
0.073 0.865
0.251 0.754

Table 4. Multiple logistic regression analysis to examine the correlation between social and clinical factors, laboratory

parameters, and mild cognitive impairment

Parameter

Age

Higher education

Body mass index
Hypertension

Type 2 diabetes mellitus
Non-alcoholic fatty liver disease
Postmenopausal osteoporosis
Charlson Comorbidity Index
Statins

Alanine aminotransferase
Aspartate aminotransferase
Total cholesterol

Triglycerides

Total protein

Peripheral cholinesterase

(rs = -0.03; p > 0.05), or total protein (rs = —0.11; p > 0.05)
levels. pChE level did not significantly depend on the intake
of lipid-lowering agents of the statin group either (pyw = 0.66).
A multiple linear regression model was constructed to assess
the multicollinearity of the factors under study and pChE (Ta-
ble 3). Under the influence of various parameters, the cor-
relation between pChE and ALT or T2DM became statistically
insignificant.

Odds ratio 95% Cl
0.941 0.736-1.203
0.674 0.099-4.559
0.987 0.741-1.312
13.038 0.968-187.399
3.102 0.097-99.57
2.006 0.073-55.388
0.423 0.06-2.981
2.263 0.961-5.33
0.89 0.109-7.25
0.827 0.613-1.115
1.091 0.922-1.291
1.136 0.618-2.089
0.996 0.159-6.253
0.929 0.718-1.204

1.0008 1.0001-1.0015

To test the hypothesis regarding the relevance of serum pChE
level as a potential biomarker of cognitive impairment, a mul-
tiple logistic regression model was constructed taking into ac-
count the main metabolic parameters: T2DM, hypertension,
NAFLD, BMI, ALT, AST, triglycerides, total cholesterol, total
protein levels, and intake of statins. Even in the presence
of a direct relationship with ALT (the primary liver func-
tion test), pChE level was significantly associated with MCL:
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Table 5. Multiple linear regression analysis to examine the correlation between social and clinical factors, laboratory

parameters, and MoCA scores

Parameter

Age

Higher education

Body mass index

Arterial hypertension

Type 2 diabetes mellitus
Non-alcoholic fatty liver disease
Postmenopausal osteoporosis
Charlson Comorbidity Index
Statins

Alanine aminotransferase
Aspartate aminotransferase
Total cholesterol

Triglycerides

Peripheral cholinesterase

OR = -1.0008; 95% CI 1.0001-1.0015 (Table 4). Alkaline phos-
phatase level was not included in the model due to insufficient
data. Furthermore, when a multiple linear regression model
was constructed to assess the effect of socio-demographic
and metabolic factors on the MoCA score, only pChE level
was significantly associated with this cognitive assessment
score (Table 5). The coefficient of determination (R?) is 0.42,
indicating a moderate degree of effect of the characteristic.
The normal distribution of residuals (Shapiro—-Wilk test > 0.05)
and the acceptable model quality according to analysis of
variance (F = 2.69; p = 0.34) confirm the effect of pChE level
on MoCA scores.

Therefore, even when metabolic factors are considered, pChE
level may serve as a potential laboratory marker of cognitive
impairment, as evidenced by the regression analysis.

Discussion

There is currently an ongoing search for cost-effective
and available biomarkers for laboratory diagnosis of frail-
ty and cognitive impairment. Specifically, in patients with
established frailty, the primary laboratory diagnostic fo-
cus is on the evaluation of hematologic (hemoglobin level)
and endocrinologic (thyroid-stimulating hormone, T3, T4)
parameters. The role of vitamin D and changes in the level
of inflammatory markers such as C-reactive protein and
interleukin-6 have also been studied [19]. A small study
by RE. Hubbard et al. performed on 30 hospitalized pa-
tients is published, indicating an inverse relationship be-
tween the severity of frailty and the level of AChE, BChE,
and benzoylcholinesterase [11]. The authors mention that
malnutrition in elderly age, particularly in patients with
frailty, may be a potential mechanism for the decrease in
esterase level. These findings are consistent with the ob-
tained data on the inverse correlation between the Age Is

B-Coefficient p

-0.082 0.871
0.004 0.311
-0.389 0.676
0.205 0.394
-0.038 0.458
-0.138 0.148
0.042 0.13
-0.07 0.454
-0.06 0.175
0.306 0.825
-0.263 0.724
0.031 0.753
-0.175 0.718
-1.15 0.01

Not a Hindrance questionnaire and serum pChE activity.
The higher the risk of frailty, the lower the pChE activity.
Nevertheless, the potential diagnostic utility of pChE in
the diagnosis of frailty remains incompletely understood.

Frailty is significantly associated with the risk of development
and progression of cognitive impairment, and the study of
blood pChE levels in patients with various cognitive status
scores is a key area of investigation [20]. It is established that
cholinergic deficiency plays a pivotal role in the progression
of cognitive impairment, including in Alzheimer's disease [21].
Cholinergic system dysfunction may be associated with in-
creased serum cholinesterase activity and central nervous
system, resulting in high levels of acetylcholine catabolism
and impaired cholinergic transmission. R.C. Smith et al. found
a 100% increase in plasma pseudocholinesterase (BChE) level
in patients with Alzheimer's disease compared to controls [22].
The paper by M. Hosoi et al. points to the potential role of
pChE (mainly BChE) as a biomarker for Alzheimer's disease.
Activation of neuroinflammation and hyperexpression of BChE
by astrocytes and microglia are accompanied by changes in
the permeability of the blood-brain barrier, suggesting a rela-
tionship between increased BChE level in the central nervous
system and serum pChE level [23].

High BChE level is detected in amyloid plaques and neuro-
fibrillary tangles. Increased accumulation of B-amyloid in
the hippocampus, thalamus and amygdala is associated with
the modulating effect of BChE [13, 24]. Therefore, BChE le-
vel plays a pivotal role in the processes of amyloidogene-
sis and formation of neurofibrillary tangles, which permits
the consideration of this enzyme not only in the context of
laboratory diagnostics, but also as a potential therapeutic
target. For example, when BChE level is high, rivastigmine is
the preferred antidementia agent because, unlike donepezil,
it also inhibits BChE [23].
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Since the liver is involved in the synthesis of pChE, esterase
(particularly BChE) level serves as a dynamic indicator of
liver synthetic function and lipid metabolism. Reduced pChE
levels may be observed in liver pathology [25]. In this study,
metabolic parameters did not significantly affect the associa-
tion between increased pChE level and the prevalence of MCL
Nevertheless, in the study sample, a markedly elevated pChE
level was found in patients with T2DM substantiating earli-
er hypotheses regarding the hyperfunction of this enzyme
in experimentally-induced diabetes mellitus [26]. Common
mechanisms of increased pChE level in patients with T2DM
and MCI include defects in insulin signaling, mitochondri-
al metabolism, SIRT-PGC-1a axis, Tau signaling, autonomic
function, and neuroinflammatory pathways [27]. Furthermore,
elevated levels of pChE are associated with the development
of diabetic retinopathy [9]. Thus, high cholinesterase level
(specifically BChE) may be a predictor of the development
of T2DM and MCI (including of the Alzheimer type) [28].
The lack of a notable correlation between pChE, osteoporosis
prevalence, and Charlson Comorbidity Index scores permits
the consideration of this parameter as a specific marker of
cognitive impairment. However, larger studies involving addi-
tional population groups are required.

Notwithstanding the findings of this study, R.C. Smith et al.
[22], and M. Hosoi et al. [23], which indicate an increase in
serum pChE level with the progression of neurodegenerative
processes, there are published papers that demonstrate an in-
verse relationship. M.X. Dong et al. found a decrease in BChE
level in patients with Parkinson's disease (PD) compared to
controls [29]. The optimal cut-off point for BChE of 6864.08
U/L allows for distinguishing PD patients with a sensitivity
of 61.8% and specificity of 72.1%. A reduction in BChE level
to a value below 6550 U/L is significantly associated with a
high probability of dementia, with a sensitivity of 70.6% and
specificity of 76.3% [29]. Y.C. Chen et al. revealed a decrease
in serum pChE, AChE, and BChE activities in patients with
post-stroke vascular dementia [30]. Similar findings of lower
plasma cholinesterase levels in patients with Alzheimer's dis-
ease and dyscirculatory encephalopathy were published by
Russian authors [31, 32].

The disparate outcomes of studies examining pChE level in
MCI, Alzheimer's disease, Parkinson's disease, and vascular
dementia may be attributed to the heterogeneity of the sam-
ples and the varied methodological and research approaches
employed. Furthermore, there is evidence of a markedly re-
duced BChE level in patients with dementia with Lewy bodies
in comparison to patients with AD and controls. This does
not preclude an association between reduced pChE level and
synucleinopathies [29, 33]. A parabolic change in the pChE
level cannot be excluded with a gradual level increase with
the development of MCI and a subsequent level decrease as
the dysfunction of the cholinergic system progresses with
dementia manifestation. A potential role is played by the
notable advancement of comorbid conditions, particularly

Cholinesterase activity and cognitive status in elderly women

alterations in metabolic status and synthetic liver function
in patients with dementia and synucleinopathies (Parkinson's
disease, dementia with Lewy bodies).

Limitations and advantages of the study. The single-time
cross-sectional study did not yield sufficient evidence to es-
tablish a causal relationship between the studied parame-
ters. Furthermore, the sample was comprised of female out-
patients over the age of 60, which precludes the possibility
of extrapolating the results to other populations. Cognitive
impairment was diagnosed based on the common validated
scales without additional in-depth neuropsychological exa-
mination or additional stratification.

To determine the frailty risk, the screening Age Is Not a Hin-
drance questionnaire was applied without additional com-
prehensive geriatric examination (phenotype model, frailty
index) and the use of objective methods of assessment of
various geriatric domains (dynamometry, Timed Up and Go
test), which does not allow to reliably exclude the subjective
nature of the assessment.

Patients with dementia were not included in the study. To-
tal serum pChE levels were measured without verification of
AChE and BChE. Further evaluation of pChE levels in the
context of additional comorbidities and laboratory markers
(including systemic inflammatory parameters) is advisable.

However, the homogeneous nature of the sample, the suffi-
ciently strict selection criteria, the availability of standardized
assessment tools, and the consistency of the identified trends
with the data of other researchers allow us to anticipate
more significant results when studying a larger sample that
includes male patients.

Conclusion

A significant correlation was identified between pChE acti-
vity and changes in MoCA scores and the prevalence of MCL
The high degree of specificity of the test, coupled with the
exceedingly low probability of a false-positive result, ren-
ders it feasible to suspect MCI at a pChE level of 9978 U/L
or above. However, the low level of sensitivity implies a high
risk of false-negative results. The data obtained from the
multiple linear and logistic regression analyses corroborate
the established relationship between pChE activity, MoCA
scores, and MCI, even when accounting for the poten-
tial influence of metabolic parameters and comorbidities.
Despite the correlation between the Age Is Not a Hindrance
questionnaire scores and pChE activity, no significant differ-
ences in this enzyme levels were identified between patients
at low and high risk of frailty. A study on a larger sample
size is needed to reliably assess the association of pChE and
frailty risk parameters and to further investigate pChE level
changes in patients with cognitive impairment of different
origin.
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