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Summary

Introduction: Predicting the risk of cognitive dysfunction and disability in everyday life among
chronic alcohol-induced encephalopathy (CAIE) patients allows timely treatment to prevent
dementia.

The aim: to develop a mathematical model for predicting the risk of developing cognitive disorders
and functional disability in patients with CAIE based on the analysis of polymorphic variants of the
genes ACE, AT2R1,eNOS, PON1, IL-1B, IL-10, TNF-o, as well as cofactors (gender, age group, the
disease duration, and presence/absence of somatic comorbidity).

Materials and methods: We examined the 102 patients with CAIE who were undergoing inpatient
treatment in the communal non-profit enterprise «Ternopil Regional Clinical Psychoneurological
Hospital» during 2021-2022 and were included in the retrospective analysis. The molecular-genetic
testing was performed for 26 patients of the general group. The molecular-genetic differentiation
of the studied polymorphic variants of genes was carried out in the molecular-genetic laboratory
of the state institution «Reference Centre for Molecular Diagnostics of the Ministry of Health of
Ukraine», Kyiv. Cognitive functions were assessed using the Montreal Cognitive Test (MoCA);
activities of daily living were assessed using the Barthel index. A logistic regression analysis was
performed to determine the risk of cognitive impairment and functional disability developing in
patients with CAIE.

Results: Analyzing polymorphic variants of the ACE, AT2R1, eNOS, PON1, IL-1B, IL-10, TNF-a
genes, as well as such cofactors as gender, age group, history and presence/absence of somatic
comorbidity in the context of the development of cognitive disorders in patients with CAIE it has
been established that the C108T polymorphism of the PON1 gene has the most significant prognostic
value (in the presence of the T/T genotype, the probability of cognitive impairment is 39.84 %).
At the same time, carriage of both the T allele and the C allele of the PON1 gene is associated
with a significant decrease in the MoCA score. Regarding the development of functional disability
in patients with CAIE, the C108T polymorphism of the PON1 gene also has the most significant
prognostic value (in the presence of the T/T genotype, the probability of functional disability
is 48.08 %, respectively, C/C - 30.96 % and CT - 39.22 %, however, no statistically significant
differences in the Barthel index values were found in carriers of the above genotypes).
Conclusions: It was established that the C108T polymorphism of the PON1 gene is significantly
associated with the development of cognitive impairment and functional disability in patients with
CAIE, which indicates the feasibility of further studies involving a larger sample of patients.

Key words: chronic alcohol-induced encephalopathy, cognitive dysfunction, functional
disability, gene polymorphism, prognosis

INTRODUCTION symptoms. Studies show that individuals who consume

alcohol for extended periods of time have a higher relative

Long-term consumption of alcohol can lead to the  risk of mortality from all causes compared to the general
development of various diseases and exacerbate their population [1, 2]. Specifically, in 2016, alcohol use
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was associated with 3 million deaths and 132.6 million
disability-adjusted life years [3]. In addition, alcohol is
one of the most important causes of premature mortality;
alcohol consumption caused 14.6 % of all premature
deaths of adults in eight European countries, 17.3 %
among men and 8.0 % among women [4].

According to the World Health Organization
(WHO), 2.3 billion people in the world currently consume
alcohol excessively. Between 2005 and 2016, the global
per capita alcohol consumption increased from 5.5 to
6.4 liters, and it is expected to reach 7.6 liters by 2030
[3, 5, 6]. In addition, studies conducted across Europe
between April to June 2020 showed an increase in per
capita alcohol consumption, likely due to social isolation
during the SARS-CoV-2 pandemic [7]. In 2016, the
average annual alcohol consumption in Ukraine was
8.6 liters per person. About 4.2 % of adult Ukrainians
have alcohol-related problems, which is significantly
higher than in most developed European countries [8,
9]. T. M. Roschupkina reports that one out of every five
Ukrainians consumes alcohol in excess of the permitted
limit, which is 2 liters of pure alcohol annually. The most
common age group that indulges in excessive drinking is
young adults between the ages of 18 and 29 [10].

Chronic alcohol abuse can lead to various neurological
disorders, including chronic alcoholic encephalopathy
(CAIE). According to several studies [11-13], CAIE is
characterized by cognitive disorders, progressive impairment
of intellectual functions, and in over 10.0 % of patients, it
can lead to dementia. It is noteworthy that in a recent meta-
analysis (2019), J. Rehm et al. showed that there are possible
links not only between chronic alcohol abuse (defined as the
consumption of more than 60 g of pure alcohol per day for
men and more than 40 g of pure alcohol per day for women)
but also between irregular alcohol consumption and an
increased risk of cognitive impairment or dementia [14].
Patients diagnosed with dementia require round-the-clock
physical and psychological care, which leads to significant
economic losses [15]. Therefore, predicting an individual’s
risk of developing cognitive dysfunction and functional failure
due to CAIE can allow for timely treatment to prevent the
development of dementia. In order to accurately assess the
risk of encephalopathy and its progression, it is vital to have
a thorough understanding of the disease’s genetic basis. Allelic
polymorphism refers to the variations in an individual’s
genome that determine their unique characteristics. These
variations are caused by point changes in genes or tandem
repeats in varying quantities. They can either determine
resistance to certain diseases or predispose an individual to
certain pathologies, including encephalopathy [16].

THE AIM OF THE STUDY

To develop a mathematical model that can predict
the risk of cognitive impairment and functional disability
developing in patients with CAIE. The model was based
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on the analysis of polymorphic variants of genes such as
ACE, AT2R1, eNOS, PON1, IL-1B, IL-10, TNF-o, as well
as cofactors including gender, age category, catamnesis,
and the presence/absence of somatic comorbidity.

MATERIALS AND METHODS

During the years 2021-2022, a total of 102 patients
with CAIE who received inpatient treatment under the
communal non-profit enterprise «Ternopil Regional
Clinical Psychoneurological Hospital» were examined
and included in the retrospective analysis. Out of these
102 patients, 26 underwent molecular genetic testing. The
control group consisted of 12 healthy individuals who were
representative in terms of age and sex. Given the lack of
a universal classification system for encephalopathies and
their respective severities, which accounts for the origin
and clinical presentation of each type, the confirmation
of CAIE was established using the criteria proposed by
multiple researchers [17, 18].

Inclusion criteria of patients: age from 18 to 75 years;
patients who systematically abuse alcohol for more than 5
years, with alcohol addiction; establishing the relationship
between alcohol consumption and clinical and neurological
symptoms; availability of the patient’s informed consent.

Exclusion criteria of patients: absence of alcohol
addiction; the presence of oncological pathology; the
presence of concomitant somatic pathology in the stage of
decompensation; use of psychoactive substances; experienced
traumatic brain and skull damage of varying degrees of
severity; the presence of other diseases that could be the
cause of psychoneurological disorders, behavioral and mental
disorders; present encephalopathy of any other genesis.

The research was approved by the Commission
of Bioethical Expertise and Research Ethics of the
1. Horbachevsky Ternopil National Medical University,
Ministry of Health, Ukraine. (report Ne 74 dated
September 1st, 2023).

The polymorphic variants of genes were analyzed
for molecular and genetic differentiation using allele-
specific PCR or PDRF PCR (restriction fragment length
polymorphism) methods. These methods follow standard
operating protocols developed by the molecular genetic
laboratory of the state institution «Reference Center
for Molecular Diagnostics of the Ministry of Health of
Ukraine» in Kyiv. The protocols are based on scientific
publications available in open sources [19-22], table 1.

The Montreal Cognitive Assessment (MOCA) was
used to evaluate the cognitive functions of all participants.
The assessment followed the standard procedure for
evaluating cognitive domains, with a maximum possible
score of 30. A score of 26 or higher is considered
normal, while a score of 22-25 indicates mild cognitive
impairment, 19-21 points indicate moderate impairment,
and scores lower than 19 indicate dementia [23].
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Table 1

Molecular and genetic differentiation of studied gene variants

Ne Gene Int.ernatlonal name Link to the source
genetic polymorphism, rs

1. | 1.-18 | C3953T, g.8967C>T, rs1143634 [19]

2. IL-10 |C-592A, g.4433A>C, 151800872 [20]

3. TNFa  [G308A, c.-488G>A, 15180062 [21]

4. ACE  |I/D, ¢.2306-117_2306-116insAF118569.1: g.14094 14382, rs4340 [21]

5. eNOS |4a/4b, £.150997188 AGGGGTGAGGAAGT CTAGACCTGCTGC[1], 1361722009 [22]

6. PON1 [CI108T, g.5124C>T, rs705379 [19]

7. | AT2R1 [A1166C, £.148742201A>C, rs5186 [21]

The Barthel Activities of Daily Living (ADL) Index
is used to assess daily life activities. It consists of 10 tasks
that are part of daily activities, each with a corresponding
point value. A score of «0» indicates the impossibility of
completing the task or complete dependence on outside
help, «5» means assistance is required, while «10» indicates
complete independence from the help of others. Based
on the evaluation rules, a total score of 0-20 indicates
complete dependence, 21-60 indicates severe dependence,
61-90 indicates moderate dependence, 91-99 indicates
light dependence, and 100 points indicates complete
independence in everyday life activities [23].

For statistical data analysis, we used Microsoft
Excel and STATISTICA 13.0 computer software. To
accomplish our goal, we conducted a logistic regression
analysis with a dependent binary variable. The variable
measured the presence (Y=1) or absence (Y=0) of
cognitive impairment or functional disability in patients
suffering from CAIE. The basic model (Model 1) included
polymorphic variants of the studied genes — ACE, AT2R1,
eNOS, PONI, IL-1B, IL-10, TNF-o, which became
independent variables. Model 2 included allelic variants
of the ACE, AT2R1, eNOS, PON1, IL-1B, IL-10, and
TNF-a genes. Only prognostically important genotypes
were included in model 3, as well as the following cofactors
(covariants) — the patient’s gender (male, female), his age
category (young age — 18-44 years; average age — 45-59
years; old age — 60-74 years old; senile age — 75 years and
older); catamnesis (up to 1 year; 1-5 years; 6-10 years;
more than 10 years), as well as the presence or absence of
concomitant somatic diseases.

A logistic regression equation was created to estimate
the probability of cognitive impairment and functional
disability in patients with CAIE:

The risk of developing cognitive disorders = 1/
(1+ex);

The risk of developing functional incapacity = 1/
(1+ex),

where e is a mathematical constant of 2.72;
X —a combination of statistically probable predictors;

x=a+ bl*Y1] + b2*Y2 + bn*Yn;
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a — constant of the model;

bl, b2, bn — coefficients calculated during regression
analysis;

Y1, Y2, Yn are categorical values of statistically
probable predictors.

Predictors with p<0.05 in the regression model were
considered statistically significant. Risk for cognitive
impairment and functional disability was calculated as
a percentage (%).

RESULTS AND DISCUSSION

Based on the logistic regression analysis, the PON 1
gene’s C108T polymorphism is associated with cognitive
disorders in CAIE patients (Table 2).

With CAIE for model 1, the formula for calculating
the value of X will have the following form:

X=1.31+(-0.30)*X1;
where categorical variables:

X1 — 1 —the presence of the SS genotype of the
PON1 gene; 2 — the presence of the CT genotype of the
PONI1 gene; 3 —the presence of the TT genotype of the
PONI gene.

Therefore, in the presence of the TT genotype of
the PON1 gene, the probability of cognitive impairment
in patients with CAIE will be 39.84 %. At the same time,
in the presence of the CC genotype of the PON1 gene,
this risk will be 26.67 %, and in the presence of the CT
heterozygous PON1 gene, this risk will be 33.00 %.

With CAIE for model 2, the formula for calculating
the value of X will have the following form:

X=(1.22)+(—0.32)*X1;
where categorical variables:

X1 —1—presence of allele C of the PON1 gene; 2 —
the presence of the T allele of the PON1 gene.

Therefore, with the presence of the PON1gene T
risk allele, patients with CAIE have a 35.84 % probability
of experiencing cognitive impairment.
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Table 2
Results of logistic regression analysis regarding the development of cognitive impairment
in patients with CAIE
Model 1 Model 2
Factor Genotype Allele
B SE t p B SE t 1)
Constant 1.31 0.39 3.37 0.003* 1.22 0.29 4.18 <0.001*
ACE -0.08 0.16 -0.52 0.606 0.08 0.14 0.61 0.546
AT2R1 0.25 0.16 1,57 0.134 0.16 0.14 1.17 0.248
eNOS -0.07 0.09 -0.84 0.412 -0.08 0.11 -0.76 0.449
ILIB 0.06 0.25 0.24 0.813 -0.19 0.21 -0.87 0.388
TNFo, 0.28 0.23 1.23 0.233 0.31 0.21 1.48 0.146
1L10 -0.02 0.13 -0.17 0.865 0.07 0.15 0.48 0.631
PONI -0.30 0.11 -2.80 0.012* -0.32 0.11 -2.96 0.005*

Note 1: p — logistic regression coefficient, SE — standard error; t is the value of the Wald test; p — probability coefficient.

Note 2. * is a statistically significant result

Our study results indicate that the PONI gene
polymorphism remains significant in the occurrence

of cognitive disorders in CAIE, even when considering

covariates (Table 3).

Table 3

Results of logistic regression analysis regarding the development of cognitive disorders in patients
with CAIE, taking into account gender, age category, presence of somatic comorbidity, and catamnesis

Model 3
Factor
B SE t p
Constant 2.33 0.50 4.62 <0.001*
PON1 -0.40 0.13 -3.21 0.004*
Sex -0.28 0.21 -1.37 0.186
Age category -0.06 0.10 -0.64 0.533
Somatic comorbidity 0.18 0.14 1.24 0.228
Disease duration 0.03 0.06 0.45 0.660

Note 1: p — logistic regression coefficient, SE — standard error; t is the value of the Wald test; p — probability coefficient. Note 2. *

is a statistically probable result

Patients who carry both risk alleles of the PON1 gene
exhibit a significant decrease in scores on the Montreal

cognitive test, compared to individuals who do not carry

these risk alleles (Table 4).

Table 4
The results of the analysis of cognitive functions in patients with CAIE based
on the Montreal cognitive test MOCA depending on the carrier of risk alleles of the PON1 gene
Range of fluctuations of
Group indicators, points Total points p
Min Max

Absence of risk alleles of the PON1 gene 25 26 25.6740.58 .
Carrier of one risk allele of the PON/ gene 10 2 21.50+4.35 Py <0 s
Carrier of 2 risk alleles of the PONI gene 2 23 17.78+4.35 Pig 25 7%

Note: * is a statistically significant result

It should be emphasized that the development of
functional disability in CAIE patients is also due to PON1
gene polymorphism (tables 5, 6). Based on the presence
of the TT genotype of the PON gene, it is expected
that 48.08 % of patients with CAIE will experience
functional disability. On the other hand, patients with
the CC genotype of the PON 1 gene are likely to suffer
from functional disability in 30.96 % of cases, while those
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with the heterozygous PONI gene will experience it in
39.22 % of cases. However, after a multifactor analysis of
the impact of the alleles of the studied genes, no reliable
predictor of the development of functional disability
associated with CAIE was established (Table 9.16).

Analysis of Barthel index results did not show
significant differences among patient groups with different
PONI gene polymorphisms (p > 0.05), (Table 7).
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Table 5
Results of logistic regression analysis regarding the development of functional disability
in daily life in patients with CAIE
Model 1 Model 2
Factor Genotype Allele
B SE t p B SE t P
Constant 1.16 0.59 1.97 0.044* 0.55 0.42 1.29 0.204
ACE -0.27 0.24 -1.11 0.280 0.01 0.20 0.06 0.952
AT2R1 -0.12 0.24 -0.50 0.624 -0.04 0.20 -0.21 0.831
eNOS -0.20 0.14 -1.49 0.153 -0.19 0.15 -1.23 0.224
ILIB 0.35 0.38 0.93 0.367 -0.08 0.31 -0.26 0.797
TNFa. 0.35 0.35 0.99 0.335 0.42 0.31 1.37 0.178
IL10 0.15 0.20 0.75 0.461 0.23 0.22 1.04 0.303
PONI -0.36 0.16 -2.20 0.041*
Note 1: p — logistic regression coefficient, SE — standard error; t is the value of the Wald test; p — probability coefficient.
Note 2. * is a statistically significant result
Table 6

The results of logistic regression analysis regarding the development of functional disability in
everyday life in patients taking into account gender, age category, presence of somatic comorbidity,
as well as catamnesis

Factor il
B SE t P
Constant 2.27 0.68 3.34 0.003*
PONI1 -0.56 0.17 -3.30 0.004*
Sex -0.51 0.28 -1.84 0.081
Age category -0.14 0.13 -1.07 0.298
Somatic comorbidity 0.28 0.19 1.45 0.163
Disease duration 0.04 0.08 0.49 0.631

Note 1: B — logistic regression coefficient, SE — standard error; t is the value of the Wald test; p — probability coefficient.

Note 2. * is a statistically significant result

Table 7

The results of the analysis of functional disability in everyday life based on the analysis of the Barthel index

in patients with CAIE depending on the

carrier of risk alleles of the PON1 gene

Range of fluctuations of
Group indicators, points Total points P
Min Max
Absence of risk alleles of the PON1 gene 100 100 100.00£0.00
Carrier of one risk allele of the PON1 gene 90 100 96.07+4.01 Bys 1525 2O
Carrier of 2 risk alleles of the PON1 gene 90 100 94.44+3.91

Alcohol abuse is a necessary factor in the development
of brain diseases due to the diverse mechanisms of ethanol
neurotoxicity [24]. There are two main ways in which
alcohol abuse can harm the brain. First, both ethanol
and acetaldehyde, which is a byproduct of ethanol
metabolism, have a direct toxic effect on the brain. This
can lead to permanent damage to the brain’s structure and
function [25]. Second, long-term alcohol abuse can cause
a deficiency in thiamine, which is an essential nutrient for
the brain. This deficiency can result from inadequate dietary
intake, poor absorption in the intestinal tract, and impaired
use by the cells. This can lead to Wernicke-Korsakoff
syndrome, a condition that affects memory, vision, and
muscle coordination [26].
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Treatment with thiamine can reverse many symptoms
of Wernicke-Korsakoff syndrome. However, certain chronic
neuropsychological consequences of previous thiamine
deficiency may persist even with appropriate treatment
[27]. Alcohol abuse poses a significant risk to the brain
by contributing to other pathologies such as hepatic
encephalopathy in patients with liver cirrhosis, epilepsy,
or head trauma. Additionally, alcohol abuse indirectly
increases the risk of vascular dementia by its association
with cardiovascular risk factors and diseases such as high
blood pressure, coronary heart disease, cardiomyopathy;
atrial fibrillation, and stroke [28]. These associations have
been identified as causal and have been confirmed by studies
conducted on individuals with alcohol use disorders [29].
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Alcohol abuse is associated with a higher likelihood of
developing risk factors for dementia, such as lower levels
of education, tobacco smoking, and depression [14].

It’s important to note that CAIE is usually
accompanied by severe somatoneurological problems, and
its treatment is generally ineffective. Therefore, studying
the genetic basis of the disease and predicting its course is
crucial in order to offer timely and appropriate treatment
to prevent dementia. For this reason, our research has
focused on identifying genes that may be linked to the
development of cognitive impairment and functional
disability in CAIE.

After conducting a logistic regression analysis of
various genes and factors that may affect cognitive disorders,
it was found that the PON1 gene polymorphism has the
greatest prognostic value. Specifically, in the presence of
the T/T genotype, the probability of cognitive disorders is
39.84 %. Other factors that were analyzed include ACE,
AT2R1, eNOS, IL-1B, IL-10, TNF-a genes, as well as
gender, age category, catamnesis, and the presence/absence
of somatic comorbidity. At the same time, individuals
who carry both the T allele and the C allele of the PON1
gene are likely to have a lower score on the MOCA scale.
Additionally, the C108T polymorphism of the PON1
gene has the highest predictive value in the development
of functional disability in patients with CAIE. Those with
a T/T genotype have a 48.08 % probability of functional
disability, while those with a C/C genotype have a 30.96 %
probability and those with a C/T genotype have a 39.22 %
probability. However, no statistically significant differences
were found in the Barthel index among carriers of these
genotypes. Regarding sex, age category, catamnesis, and the
presence/absence of somatic comorbidity, these covariates
do not affect the prognostic significance of the C108T
polymorphism of the PON1 gene in the context of the
development of both cognitive dysfunction and functional
disability in patients with CAIE.

Paraoxonase 1 (PON1) is an enzyme that is dependent
on calcium and hydrolytic in nature. It is expressed in various
organs of the human body, including the brain, kidney, liver,
and colon. It circulates in the blood and is bound to the
high-density lipoprotein subfraction [30]. In our previous
study, we analyzed the distribution of allele frequencies of
the —108C/T polymorphic variant of the PON1 gene in
patients with CAIE compared to healthy individuals [31].
We found probable discrepancies in the frequency of allele C
(38.46 % vs. 66.67 %) and allele T (61.54 % versus 33.33 %)
(p=0.028) between the two groups. Analyzing the odds
ratio and its confidence interval (95 % CI) for the —108C/
T polymorphic variant of the PON1 gene in patients with
CAIE, it was found that the presence of the T allele increases
the risk of encephalopathy development and/or progression
by 3.2 times (95 % CI 1.16-8.84).

M. E. Bednarska-Makaruk et al. have demonstrated
that the activity of PON1 is significantly lower in dementia
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patients, especially in neurodegenerative dementia (such
as Alzheimer’s disease and mixed dementia), as compared
to the controls [32]. The study found that the number of
carriers of the PON1-108T allele was significantly higher
in the Alzheimer’s group than in the control group. The
researchers also discovered that the activity of the PON1
enzyme was highest in carriers of the C/C genotype and
lowest in carriers of the T/T genotype. This suggests
that the 108C/T polymorphism of the PON1 gene plays
a significant role in the risk of developing dementia, with
low PON1 activity having a dominant effect on this risk.
Another study by M. Saeidi et al. demonstrated that the
C-108T promoter region of the PON1 gene is associated
with the development of Alzheimer’s disease. Patients with
Alzheimer’s disease were found to have a higher frequency
of the T allele, and the homozygous genotype (T/T) was
associated with low PON1 arylesterase activity [33].

CONCLUSIONS

An analysis was conducted on polymorphic variants
of genes such as ACE, AT2R1, eNOS, PONI, IL- 1B,
IL-10, and TNF-o, as well as cofactors such as gender,
age category, and history and presence/absence of somatic
comorbidity. This was done in order to determine their
role in the development of cognitive disorders in patients
with CAIE. The study concluded that the PONI gene’s
C108T polymorphism has the highest prognostic value,
with a 39.84 % probability of cognitive impairment in
individuals with the T/T genotype. Additionally, carriers
of both the T allele and the C allele of the PON1 gene
are likely to have a decrease in the number of points on
the MoCA scale. In patients with CAIE, the development
of functional disability is significantly impacted by the
PON1 gene’s C108T polymorphism. Those with the T/T
genotype have a higher probability (48.08 %) of developing
functional disability than those with the C/C genotype
(30.96 %) or the C/T genotype (39.22 %). However,
despite these differences, there was no significant
correlation found between the above-mentioned genotypes
and the Barthel index. Based on these findings, it is likely
that the C108T polymorphism of the PON1 gene is
associated with both cognitive impairment and functional
disability in patients with CAIE.

Prospects for further research. To validate these
findings, it is essential to conduct further research using
a larger patient sample. Additionally, in the future, it would
be advisable to analyze prognostic markers for other types
of encephalopathies to compare the results obtained in
this study. This will help optimize the treatment tactics
for encephalopathies.
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Kainiuaa Ta mpodirakTnaaa meantmaa, Ne 7(29) /2023



AOCAIAKEHHA

Medical Association «Ethical principles of medical
research involving a person as an object of research». All
study participants provided informed consent in writing
to participate in the study.

FUNDING AND CONFLICT OF INTEREST

The author declares that there is no conflict of

interest. Source of funding — self-funded.

REFERENCES

1. Mostbauer H.V. (2019). Alkohol ta arterialna
hipertenziia [Alcohol and arterial hypertension].
Health of Ukraine, 5, 52-55.

2. Manthey J., Shield K., Rehm J. (2022). Alcohol and
health. Lancet, 400(10365), 1764-1765. doi: 10.1016/
S0140-6736(22)02123-7.

3. GBD 2016 Alcohol Collaborators. (2018).
Alcohol use and burden for 195 countries and
territories, 1990-2016: a systematic analysis
for the Global Burden of Disease Study 2016.
Lancet, 392(10152),1015-1035. doi: 10.1016/
S0140-6736(18)31310-2.

4. Lyubinets O., Kachmarska M., Sygit K. M., Cipora E.,
Grshybowskyj J. (2021). Mortality and Alcohol
as Its Cause-Comparative Characteristics of the
Two Neighboring Countries: Ukraine and Poland.
Int J Environ Res Public Health,18(20),10810.
doi: 10.3390/ijerph182010810.

5. Manthey J., Shield K. D., Rylett M., Hasan O. S.M.,
Probst C., Rehm J. (2019). Global alcohol exposure
between 1990 and 2017 and forecasts until 2030:
a modelling study. Lancet, 393(10190), 2493-2502.
doi: 10.1016/S0140-6736(18)32744-2.

6. Huang D.Q., Mathurin P, Cortez-Pinto H.,
Loomba R. (2023). Global epidemiology of alcohol-
associated cirrhosis and HCC: trends, projections and
risk factors. Nat Rev Gastroenterol Hepatol, 20(1),
37-49. doi: 10.1038/s41575-022-00688-6.

7. Matone A., Ghirini S., Gandin C., Scafato E., European
Study Group on Alcohol Use and COVID-19. (2022).
Alcohol consumption and COVID-19 in Europe: how
the pandemic hit the weak. Ann Ist Super Sanita, 58(1),
6-15. doi: 10.4415/ANN_22 01 _02.

8. Zamkevych V. B., Diachuk M. D., Hruzieva T. S.
(2019). Otsinka vzhyvannia alkoholiu naselenniam ta
pov’iazanykh z nym problem [Assessment of alcohol
consumption by the population and related problems].
Clinical and preventive medicine, (3-4), 93-99.

9. Haponov K. D. (2019). Osoblyvosti addyktyvnykh
i afektyvnykh staniv, asotsiiovanykh z rozladamy,
poviazanymy iz vzhyvanniam alkoholiu, u khvorykh z
riznym rivnem psykhosotsialnoho stresu [Features of
addictive and affective states associated with disorders
related to alcohol consumption, in patients with
different levels of psychosocial stress]. Achievements
of clinical and experimental medicine, 1, 40-52.

Kainivyna ta npodiraxktuana Mmeanimaa, Ne7(29) /2023

10.Roshchupkina T. M. (2018). Suchasni pohliady
na vyvchennia alkoholizatsii naselennia ta vyii
naslidkiv [Modern views on the study of population
alcoholation and its consequences]. Medical
psychology, 13,(2), 77-84.

11.Ponomarov V. I., Roshchupkina T. M. (2018).
Deiaki psykhonevrolohichni aspekty alkoholnykh
entsefalopatii ta yikh paroksyzmalnykh proiaviv
[Some psychoneurological aspects of alcoholic
encephalopathies and their paroxysmal
manifestations]. Medical psychology, 13(3), 60-63.

12.Roshchupkina, T. (2019). Kohnityvni porushennia
u osib z alkoholnoiu entsefalopatiieiu ta
paroksyzmalnymy stanamy [Cognitive impairment
in persons with alcoholic encephalopathy and
paroxysmal conditions]. ScienceRise: Medical
Science, 6(33), 43-46.

13.Fitzpatrick L, Mortimore G. (2023). Alcohol-related
dementia. BrJ Nurs, 32(20), 972-977. doi: 10.12968/
bjon.2023.32.20.972.

14.Rehm J., Hasan O. S.M., Black S. E., Shield K. D.,
Schwarzinger M. (2019). Alcohol use and dementia:
a systematic scoping review. Alzheimers Res Ther,
11(1), 1. doi: 10.1186/s13195-018-0453-0.

15.Pashkovska N. V. (2023). Cognitive impairment
in type 2 diabetes mellitus: prospects for the use of
metformin. International journal of endocrinology
(Ukraine), 19(3), 215-224.

16.Stepanova E.I., Kolpakov I. E., Kondrashova V. G.,
Vdovenko V.Yu., Lytvynets O. M., Skvarska O. O.,
Zygalo V. M. (2015). Polymorphism of NO synthase
genes as a risk factor in the development of endothelial
dysfunction, functional disorders of the respiratory
system and the auto nomic nervous system in
children, residents of radioactively con taminated
areas. Collection of scientific works of P. L. Shupyka
NMAPO employees, 24(3), 354.

17.GBD 2016 Neurology Collaborators (2019). Global,
regional, and national burden of neurological
disorders, 1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet Neurol,
18(5):459-480. doi: 10.1016/S1474-4422(18)30499-X

18.Erkkinen M.G., Berkowitz A. L. (2019). A Clinical
Approach to Diagnosing Encephalopathy. Am
J Med, 132(10), 1142-1147. doi: 10.1016/j.
amjmed.2019.07.001.

65



AOCAIAKEHHA

19.Kolov G., Grytsay M., Tsokalo V., Fishchuk L.,
Rossokha Z. (2021). Variants of IL1 (C3954T,
rs1143634), PONI1 (CI108T, rs705379) genes as
prognostic markers of osteomyelitis risk and its
complications. Georgian Med News, (318), 93-98.
PMID: 34628386.

20.Yao L., Xing S., Fu X., Song H., Wang Z., Tang J.,
Zhao, Y. (2015). Association between interleukin-10
gene promoter polymorphisms and susceptibility
to liver cirrhosis. Int J Clin Exp Pathol, 1, 8(9),
11680-11684.

21.Gorovenko N.G., Kyryachenko S. P., Rossokha Z. I.
(2011). Study on association of the polymorphic
variants of ACE (I/D), AT2R1 (A1166C), TNF-a
(G308A), MTHFR (C677T) genes and their
combinations with the risk of development of perinatal
pathology and gestation reduction. Biopolymers and
Cell, 2011; 27(3), 206-213.

22.Safarinejad M.R., Shafiei N., Safarinejad S. (2010).
The role of endothelial nitric oxide synthase (eNOS)
T-786C, G894T, and 4a/b gene polymorphisms in the
risk of idiopathic male infertility. Mol Reprod Deyv,
77(8), 720-727. doi: 10.1002/mrd.21210.

23.Ischemic stroke (emergency, primary, secondary
(specialized) medical care, medical rehabilitation):
unified clinical protocol for medical care. (2022).
Order of the Ministry of Health dated August 3, 2012.
No 602. Electronic resource. Access mode: https://
dec.gov.ua/wp-content/uploads/images/dodatki/201
2 602/2012_602dod4ykpmd.pdf. (in Ukrainian)

24.Mendes P.ES., Baia-da-Silva D. C., Melo W. W.P,,
Bittencourt L. O., Souza-Rodrigues R. D.,
Fernandes L. M.P., Maia C. D.S.E, Lima R. R.
(2023). Neurotoxicology of alcohol: a bibliometric
and science mapping analysis. Front Pharmacol, 14,
1209616. doi: 10.3389/fphar.2023.1209616.

25.Kruman I.I., Henderson G. I., Bergeson S. E. (2012).
DNA damage and neurotoxicity of chronic alcohol
abuse. Exp Biol Med (Maywood), 237(7), 740-747.
doi: 10.1258/ebm.2012.011421.

66

26.Jauhar S., Marshall E. J., Smith I. D. (2014). Alcohol
and cognitive impairment. Advances in psychiatric
treatment, 20(5), 304-313.

27.Day E., Bentham P. W., Callaghan R., Kuruvilla T.,
George S. (2013). Thiamine for prevention and
treatment of Wernicke-Korsakoff Syndrome in
people who abuse alcohol. Cochrane Database Syst
Rev, 2013(7), CD004033. doi: 10.1002/14651858.
CD004033.pub3.

28.Rehm J., Gmel G. E. Sr., Gmel G., Hasan O. S.M .,
Imtiaz S., Popova S., Probst C., Roerecke M.,
Room R., Samokhvalov A. V., Shield K. D,
Shuper P. A. (2017). The relationship between
different dimensions of alcohol use and the burden
of disease-an update. Addiction, 112(6), 968-1001.
doi: 10.1111/add.13757.

29.Schwarzinger M., Thiébaut S. P., Baillot S., Mallet V.,
Rehm J. (2017). Alcohol use disorders and associated
chronic disease — a national retrospective cohort
study from France. BMC Public Health, 18(1), 43.
doi: 10.1186/s12889-017-4587-y.

30.Jakubowski H. (2023). Proteomic Exploration of
Paraoxonase 1 Function in Health and Disease. Int J
Mol Sci, 24(9), 7764. doi: 10.3390/ijms24097764.

31.Duve K. V. (2023). Poshyrenist polimorfizmu hena
ponl-108c/t u khvorykh z riznymy typamy entsefalopatii
[Prevalence of PON1-108C/T gene polymorphism
in patients with different types of encephalopathies].
Medical and Clinical Chemistry, (2), 94-101.

32.Bednarska-Makaruk M.E., Krzywkowski T,
Graban A., Lipczynska-Lojkowska W., Bochynska A.,
Rodo M., Wehr H., Ryglewicz D. K. (2013).
Paraoxonase 1 (PON1) gene-108C>T and p.Q192R
polymorphisms and arylesterase activity of the enzyme
in patients with dementia. Folia Neuropathol, 51(2),
111-119. doi: 10.5114/fn.2013.35953.

33.Saeidi M., Shakeri R., Marjani A., Khajeniazi S.
(2017). Alzheimer’s Disease and Paraoxonase 1
(PON1) Gene Polymorphisms. Open Biochem J, 11,
47-55. doi: 10.2174/1874091X01711010047.

Kainiuaa Ta mpodirakTnaaa meantmaa, Ne 7(29) /2023



AOCAIAKEHHA

Pestome

XPOHIYHA AJIKOIOJ1b-IHAYKOBAHA EHLIE®ANONATIA: NPEGUKTOPU POSBUTKY KOTHITUBHUX MOPYLLEHb
TA GYHKLIOHANIbHOI HECMPOMOXHOCTI
XpuctuHa B. [lyse

TepHONINbCLKMIA HALOHANBHUI MeaMYHNIA yHiBEpCUTET iMeHi |. 9. Topbayescbkoro MO3 Ykpaiku, M. TepHoninb, Ykpaita

Beryn. [TporHo3yBaHHS iHAMBIAYaABHOTO PU3MKY PO3BUTKY KOTHITMBHOI AMCGYHKIIIT Ta PyHKIIIOHAABHOT He-
CIIPOMO>KHOCT] y TIOBCSIKAGHHOMY KMTTi Y TIAIli€HTIB 3 XPOHIYHOIO aAKOTOAB-IHAYKOBAHOIO eHIledaAoaTiero
(XAE) A03BOAUTD CBO€YACHO IIPV3HAYNTH aAeKBaTHe AIKYBAHHS AASI 3aII00iTaHHS PO3BUTKY A€MEHIIil.

Merta: po3pobuTy MaTeMaTUIHY MOAEAD IIPOTHO3YBAHHS PU3UKY PO3BUTKY KOTHITMBHIX IIOPYILEHb Ta (PyHK-
IIOHAABHOI HeCIIPOMOXXHOCTI y mamieHTiB 3 XAE Ha ocHOBI aHaAi3y ToAiMop dpHUX BapiaHTis reHis ACE, AT2R1,
eNOS, PON1, IL-1B, IL-10, TNF-0, a Takox KodaKTopiB (CTaTh, BikoBa KaTeropis, KaTaMHe3 Ta HasBHICTb/
BiACYTHICTh COMAaTMIHOI KOMOPOIAHOCTI).

Marepiaau Ta MeToan. Obcrexeno 102 narientn 3 XAE, ski nepebyBaAn Ha crallioHapHOMY AiKyBaHHI Ha
6a3i KOMYHAaABHOTO HEKOMEPLIIHOTO IiATIpyeMcTBa «TepHOIiAbChKa 0O6AACHA KAIHIYHA IICXOHEBPOAOTidHa
AikapHs» BIPOAOBX 2021-2022 pp. Ta AKX BKAIOYMAM y PeTPOCIIEKTUBHIUI aHaAi3, 3 HUX 26 XBOPVUM IIPOBO-
AVIAVE MOAEKYASIPHO-TEHETUMYHE AOCAIAXEHHS. MOAEKYASpPHO-TeHeTUUHY AMEepeHIHalliio AOCAIAXKYBaHIX
roAiMopdHMX BapiaHTIB T'eHiB 3AIICHIOBAAM B MOAEKYASPHO-T€HETUYHi AabOpaTopii Aep>KaBHOTO 3aKAaAy
«PedepeHc-11eHTp 3 MoAeKyAsipHOI AlarHocTuky MO3 Yxpainm», M. Kuis. KornitTusHi ¢pyHKIIiI oIiHIOBaAK
3a A0IIOMOro0 MoHpeaAbChbKOTO KOrHITMBHOTO TecTy (MoCA); OBCAKAEHHY KUTTEAISABHICTD OI[iHIOBAAM 3a
AOIIOMOTOIO iHAeKca BapTeaa. AAsl OIIHKM PM3MUKY pO3BUTKY BYHMKHEHHS KOTHITMBHMX IIOPYIIIEHb Ta (PyHK-
I1iIOHaABHOI HECITPOMOXKHOCTI y Ta1lieHTiB i3 XAE IpoBeAeHO AOTiCTMYHMIA perpeciiiHuii aHaAis.

PesyabTaTn. Agaaizyroun noaimop i sapiaatu renis ACE, AT2R1, eNOS, PON1, IL-1B, IL-10, TNF-q,
a TaKoX KodaxTopy (cTaTh, BIKOBY KaTeropilo, KaTaMHe3 Ta HasBHICTb/BiACYTHICTh COMATMYHOI KOMOPOiA-
HICTi) B KOHTEKCTi pO3BUTKY KOTHITMBHIX IIOpPYIIeHb y HarieHTiB 3 XAE BcTaHOBAEHO, IITO HAMOIABIIY IPO-
rHocTi4Hy HiHHicTh Mae C108T noaimopdgism rena PON1 (3a HasBHOCTi reHoTuny T/T /iMOBipHICTh BUHMK-
HEeHHsI KOTHITMBHUX IIOPYIIeHb ckAaaAae 39,84 %). ITpu 1bomy HociiicTso sik areai T, Tax i areai C rera PON1
ACOLIIOETHCsI 13 BIpOTIAHMM 3HVDKEHHSIM KiAbKOCTi 6aAiB 3a m1karoio MoC A. I1loAo po3sBUTKY ¢dYHKITIOHAABHOI
HECIIPOMOJKHOCTI y manieHTiB i3 XAE, To HalbiAbIIly NpOrHOCTUMYHY LiHHICTh TakoX Mae C108T noaiMopdism
rera PON1 (3a HasBHOCTi reHoTUITy T/T /iMOBipHICTD BUHMKHEHHS (pYHKITIOHAABHOI HECIIPOMOXKHOCTI CTaHO-
BuTH 48,08 %, BiantosiaHo, C/C - 30,96 % 1a C/T — 39,22 %, IpoTe CTaTMYHO 3HAUMMMX BiAMiHHOCTEI 3a iHAEK-
com bapreaa y HOCIiB BuIlle-BKa3aHMX TeHOTHUIIIB He BUSBAEHO).

Bucnosku. Beranosaeno, mo CI108T moaimopdism rema PONI1 BiporiAHO acoIIiIOIOThCS i3 PO3BUTKOM SIK
KOTHITMBHUX ITOPYIIIEHb, TaK i PyHKITIOHAABHOI HECIIPOMOXKHOCTI y marieHTiB 3 XAE, 1110 CBiAYNTB ITPO AOIIiAB-
HICTb IIOAQABIINX AOCAIAYKEHD 13 3aAyUEHHSM OiABIIOL BUOIPKI ITAIli€HTiB.

Kntouoei cro6a: xpoHiuHa aAKOTOAB-iHAYKOBaHa eHIle)aAOIaTisl, KOTHITMBHA AMCYHKII 51, PyHKIiOHaAbHa
HECIIPOMOJKHICTh, TIOAIMOP@i3M reHiB, IPOrHO3yBaHH I
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