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ABSTRACT

The aim: To explore the features of the congnitive (CD) and neurovegetative dysfunctions (NVD) of patients with different forms of non-alcoholic fatty liver disease NAFLD (non-
alcoholic fatty hepatosis (NAFH) and non-alcoholic steatohepatitis (NASH)) and type 2 diabetes mellitus (T2DM), as well as their dynamics against the background of complex
therapy using armadin (2-ethyl-6-methyl-3-hydroxypyridine succinate).

Materials and methods: 50 patients with NAFLD (24 patients with NAFH and 26 patients with NASH) and T2DM were examined. Dysfunction of central and vegetative nervous
system was carried out with the help of neuro-psychometric testing.

Results: The analysis of the conducted research before treatments indicates the NVD in the surveyed patients. Cognitive dysfunctions (mostly mild and moderate) was
revealed in all of our patients in both groups. The most pronounced disturbances before treatments were determined in the areas of attention and concentration, memory, less
pronounced — visually constructive area, especially among patients with NASH and T2DM. Stressful situations have a pronounced impact on the lives of these patients, but they
are not critical enough to any issues. Patients of Group 2 before treatments had the lowest level of resistance to stress. They found a slight vulnerability even from minor impacts.
Conclusions: In patients with NAFLD and T2DM, congnitive and neurovegetative dysfunctions were found, according to neuro-psychometric testing. Complex therapy using
2-ethyl-6-methyl-3-hydroxypyridine succinate is an effective and safe method for the correction of congnitive and neurovegetative dysfunctions in patients with NAFLD and T2DM.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) covers a range
of diseases closely related to metabolic risk factors [1]. The
common pathogenetic mechanisms for NAFLD and meta-
bolic syndrome have been proven, and their association with
type 2 diabetes mellitus, cardiovascular disease, obesity and
more is evident. Overweight and insulin resistance (IR) are
recognized as major risk factors for NAFLD. However, not
only overeating, but also unhealthy diets, such as increased
consumption of foods rich in sugar and fats, as well as lack
of physical activity and genetic susceptibility are considered
to be leading factors in the development of NAFLD [2].
The prevalence and severity of NAFLD is also influenced
by presence of metabolic risk factors, such as overweight/
obesity and type 2 diabetes mellitus (T2DM) [1]. The
prevalence of NAFLD and non-alcoholic steatohepatitis
(NASH) in T2DM are 76% and 22%, respectively. Fur-
thermore, the prevalence of NAFLD correlates with the
degree of impaired glucose metabolism, increasing from
27% in subjects with normal fasting glucose (fasting blood
glucose (FBG) < 6.1mmol/L), to 43% and 62%, respectively,
in those with impaired glucose tolerance (FBG = 6.1mmol,
but < 7mmol/L) and T2DM (FBG > 7.0mmol/L) [3].
NAFLD is one of the most common chronic liver dis-
eases worldwide [4]. NAFLD is characterised by excessive
hepatic fat accumulation, associated with insulin resistance
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(IR), and defined by the presence of steatosis in > 5% of
hepatocytes according to histological analysis. NAFLD
includes two pathologically distinct conditions with differ-
ent prognoses: non-alcoholic fatty hepatosis (NAFH) and
non-alcoholic steatohepatitis (NASH); the latter covers a
wide range of disease severity, including fibrosis, cirrhosis
and hepatocellular carcinoma. The diagnosis of NAFLD
requires exclusion of both secondary causes and a daily al-
cohol consumption > 30 g for men and 20 g for women [5].

The challenges posed by people living with multiple chron-
ic conditions are unique for people with dementia and other
cognitive impairment [6]. The term “cognitive impairment”
is used to describe a deficit beyond that associated with nor-
mal aging, but not characterized as dementia. The etiology
of cognitive impairment is multifactorial. Oxidative stress,
immune inflammatory processes, anemia, hyperhomocys-
teinemia, and vitamin B12 deficiency may be involved with
this decline in neurocognitive performance [7], that also can
be detected in patients with non-alcoholic fatty liver disease
(NAFLD) [8]. Some trialists think that non-alcoholic fatty
liver disease can be well grounded regarded as cognitive-be-
havioral dysfunction [4].

Thus, the study of cognitive disorders, as well as the
search for effective means of their correction in patients
with NAFLD and type 2 diabetes is an urgent task of
modern medicine.
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THE AIM

To explore the features of the congnitive and neurovegeta-
tive dysfunctions of patients with different forms of non-al-
coholic fatty liver disease (non-alcoholic fatty hepatosis and
non-alcoholic steatohepatitis) and type 2 diabetes mellitus
(T2DM), as well as their dynamics against the background
of complex therapy using armadin (2-ethyl-6-methyl-3-hy-
droxypyridine succinate).

MATERIALS AND METHODS

At the clinical site of the department of propaedeutic of
internal diseases of the medical faculty of SHEI “UzhNU”
(gastroenterology and endocrinology department of the
TRCH n. a. A. Novak) during 2016-2019, 50 patients
with NAFLD and T2DM were examined. The average age
was 46.3 + 5.7 years. They formed the main group of the
examined patients (Group 1). Patients were divided into
Groups, namely:

- Group 1 included 24 patients with NAFH (among them
there were 14 males (58.3 %) and 10 females (41.7 %), the
average age was 44.2 + 7.7 years);

- Group 2 included 26 patients with NASH (among them
there were 15 males (57.7 %) and 11 females (42.3 %), the
average age was 48.1 * 5.3 years).

The control group included 20 practically healthy persons
(12 males (60.0%) and 8 females (40.0%)), the average age
was 47.6 + 5.8 years.

All studies were performed with patients consent (writ-
ten consent for performing appropriate diagnostic and
therapeutic measures was received from all of the patients),
and the methodology of their implementation were in
line with the Helsinki Declaration of Human Rights of
1975 and its 1983 revised version, and in line with Europe
Convention on Human Rights, as well as biomedicine and
legislation of Ukraine.

All the examined patients were subject to general clinical,
anthropometric, instrumental, and laboratory tests. To
verify the diagnosis, attention was paid to the nature of
complaints, as well as the history of the disease. In anthro-
pometric study, height, weight, waist circumference were
determined, and body mass index (BMI) was calculated
(according to WHO recommendations) [9].

Ultrasound examination of the abdominal cavity was
performed on all patients according to generally accepted
method. Standard and biochemical blood serum tests have
been performed to determine the functional state of the liver,
lipid metabolism indexes and carbohydrate metabolism (glu-
cose, insulin, glycosylated hemoglobin (HbA ¢, %) indexes.

NAFLD diagnosis was established in accordance with the
Unified Clinical Protocol criteria (Order of the Ministry
of Health of Ukraine dated November 6, 2014, No. 826)
and EASL-EASD-EASO Clinical Recommendations for
Diagnosis and Treatment of NAFLD. Herewith, the stage of
the liver damage was determined on the base of surrogate
laboratory liver fibrosis markers [10].

Diagnosis of type 2 diabetes mellitus has been established
according to IDF recommendations (2005), as well as

taking into account the criteria of unified clinical protocol
(Order of Ministry of Health of Ukraine dated December
21, 2012, No. 1118) [10]. Level of severity of T2DM was
evaluated according to the HbA1c (norm being up to 6.0%).

Dysfunction of the central nervous system (CNS) in
examined patients were determined using the following
tests before treatment, as well as after the complex therapy:

1. The Montreal Cognitive Assessment Scale (MCAS)
is used for rapid screening of cognitive impairment.
It evaluates various cognitive functions: attention and
concentration, executive functions, memory, language,
optical-spatial activity, conceptual thinking, counting and
orientation. The survey takes approximately 10 minutes.
The maximum score on this scale — 30.

2. The MMSE (Mini-Mental State Examination) scale
is a short mental status assessment scale used worldwide to
assess cognitive function status. It is quite reliable method
for primary screening for cognitive impairment, including
dementia. The test result is obtained by summing the scores
for each item. The maximum figure in this test - 30 points,
which corresponds to the highest cognitive ability. The
lower the test result, the more marked cognitive deficits.

3. The technique of “Remembering 10 words”, by A.
Luria (the study of auditory memory) is used to evaluate
the status of auditory memory for words, fatigue, attention
activity, memorization, preservation, reproduction of arbi-
trary attention. With this technique determining auditory
short-term and long-term memory. The number of normal
memorized units is 7 + 2 words.

4. Boston Stress Test, developed by scientists at Boston
University Medical Center. It is necessary to answer the
questions based on how often these statements are true
for the subject of study. The normal reaction to stressful
situations indicates the total score of 10 or less.

5. Benton’s line orientation test (Benton, Hamsher,
Varney, and Spreen, 1983) assesses spatial perception. The
test includes 5 inclined segments. During the execution
should find a line with the same slope as the control map.
The Benton test is commonly used in the pathopsycholog-
ical diagnosis of suspected organic brain damage, as well
as clarify their degrees of severity.

6. The Schulte test is used to examine the distraction,
switch, distribution, and focus of the surveyed. Allows
you to determine the efficiency (exhaustion), presence or
absence of attention disorders. The time of the test is taken
into account (the average norm is 40-42 sec).

7. The Clock Drawing test is used to assess cognitive
impairment and severity, as well as possible neurological
and psychiatric disorders. The result is rated on a 10-point
scale. The lower the score, the more pronounced is the
cognitive deficit.

8. The Wisconsin Card Sorting Test (WCST) developed
by Esto Berg and David Grant in 1948) - allows you to eval-
uate such cognitive functions as: 1) the ability to forming
abstract categories; 2) the ability to switch attention when
changing categories (shifting set); 3) ability to concentrate
attention on the selected category (maintaining set); 4) the
ability to use feedback (feedback utilization). The evaluation
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of results is the absolute and relative number of recognized
categories, trials, errors and perseverative errors [11].

Neuro-psychometric testing carried out at intervals of
2-3 hours to restore attention and concentration ability
in patients.

Determination of vegetative dysfunction (VD) was
carried out with the help of O.M. Wayne’s questionnaire
(1998). A score greater than 15 indicated vegetative dys-
function.

The surveyed patients also determined the main indica-
tors of hemodynamics (heart rate, blood pressure) and on
the basis of the obtained data was calculated the Kerdo’s
vegetative index (KVI).

KVI = (1 diastolic blood pressure (DBP) / heart rate) * 100.

At full vegetative equilibrium (eitony) the index is in the
range -10 to +10. If sympathetic effects (sympathicotonia)
are predominant, KVIwill be higher than +10, and if para-
sympathetic effects (vagotonia) are predominant, KVIwill
be below -10 [12].

For the differential diagnosis of the atherosclerotic
changes in brain vessels in the examined patients, measure-
ment of the extracranial portion of the common carotid
artery posterior wall intima-media complex thickness of
was performed, since this is the marker of carotid ath-
erosclerosis. The normal thickness of the intima-media
complex for all patients is less than 1.0 mm. If the thickness
index of intima-media complex of the common carotid
artery posterior wall in the examined patients exceeded
1.0 mm, the patients were excluded from the study, and the
results were considered as manifestations of atherosclerotic
lesions of the brain vessels.

The criteria for exclusion of patients from the study
were also: type 1 diabetes, chronic hepatitis, alcoholic,
viral (hepatitis B, C, D) etiologies, autoimmune hepatitis.

The scientific research was carried out within the sci-
entific research work framework Ne851 “Mechanisms
of the formation of complications in liver diseases and
pancreas, methods of their treatment and prevention”
(state registration number: 0115U001103), as well as the
general department topic of the department of propae-
deutics of internal diseases, as well as the scientific topic
of the Department of Propaedeutics of Internal Medicine
(Polymorbid pathology in diseases of the digestive system,
features of pathogenesis, the possibility of correction (state
registration number 0118U004365).

The provision of medical care to patients with NAFLD and
type 2 diabetes was performed according to clinical proto-
cols of treatment of the Ministry of Health of Ukraine and
in accordance with local protocols. To control the glucose
level in the blood serum, the administered patients were
prescribed oral drugs (metformin) on the background of diet
and lifestyle modification, and, if necessary, insulin therapy
was performed. All patients with NAFLD and type 2 diabetes
were prescribed ursodeoxycholic acid (UDHA) - Ursofalk
(Dr. Falk Pharma GmbH, Germany) at a rate of 20 mg / kg
body weight. UDHA treatment was continued for 6 months.

Also, all examined patients were prescribed armadin
(2-ethyl-6-methyl-3-hydroxypyridine succinate) 100 mg
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2 times a day for 14 days, followed by switching to tablets
of 150 mg once a day for another 14 days.

The analysis and processing of the patient exam-
ination results were carried out using the computer
program “Statistics” for Windows v.10.0 (StatSoft Inc.,
USA) using parametric and nonparametric methods of
evaluating the results obtained. By calculating statistic
values, the arithmetic mean (M) and the average error
were calculated (M+m). The probability of differences
between average values was evaluated by using the Stu-
dent coefficient (normal dividation of value) or with help
of Mann-Whithey test and the Pirson coefficient (for
non-permanent dictates).

RESULTS

All surveyed patients had T2DM of mainly mild severity
(compensated carbohydrate metabolism), which was
characterized by the presence of relatively well-being, lack
of hypoglycemic reactions, blood glucose on an empty
stomach - up to 8.5 m / |; after a meal - up to 10 mmol /
1, HbAlc - did not exceed 6.5 %.

The anthropometric study found that the prevailing
majority of the examined patients of both groups had
overweight or obesity of varying classification (class I-II).

The analysis of the conducted research indicates the
VD in the surveyed patients of both the 1 and 2 groups
according to the results of the questioning (questionnaire
by O.M. Wayne), as well as the KVI. The main indicators of
the functional state of the vegetative nervous system (VNS)
in the examined patients are shown in table 1.

According to the obtained data, complex therapy with
the use of Armadin proved to be an effective method for
the correction of disorders of the autonomic nervous
system in the examined patients. It should be noted more
pronounced positive dynamics in VNS in patients with
Group 1 (NAFH + T2DM). This was manifested by a sta-
tistically significant decrease in the vegetative state assessed
on the Wayne OM scale. (up to 23.1 + 4.3 points - p<0.01),
while in Group 2 patients this figure decreased by only
11.3 + 1.5 points. A more pronounced decrease in heart
rate and systemic blood pressure after treatment was also
reported in Group 1.

According to the results, before treatment the vast ma-
jority of patients in both groups complained of a frequent
feeling of emotional stress, mood lability, irritability,
anxiety, sleep disturbance, headache, fatigue, palpitations,
heart failure caused by negative emotional influences. At
the same time, differences were revealed in the assessment
of the degree of VD in the examined patients, namely -
the most pronounced VD, according to the results of the
Wayne questionnaire, was diagnosed in patients with
NASH in combination with type 2 diabetes (1.2 subgroup)
-54.5+4.3 points (at 10.3 + 1.1 points in the control group
- p<0.01), positive dynamics was found in KVI, with both
groups of examined patients (Table 1).

Further analysis of the indicators of the functional status
of the ANS indicates the predominance of the influence
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Table I. Dynamics of indicators of VNS functional status in examined patients against the background of complex treatment

Examined patients

Control
Indicator group Group 1 (n=24) Group 2 (n=26)
(n=20) before after before after
treatments treatments treatments treatments
Vegetative state according to the 10.3+1.1 44.7+5.0% 2314434+ 54.5+4.3% 4324238
scale of Wayne OM, points

Heart rate per 1 min 72.7+3.2 98.2+4.8 81.4+3.3 101.3+£3.7* 92.4+2.1
SBP, mm Hg 110.9+£8.6 134.7£5.1 128.84+3.2 141.7+6.4* 132.5+2.7
DBP, mm Hg 77.7£5.2 83.7£3.8 80.3£2.9 86.7+6.1 85.3£3.4
KVI -6.82+-0.9 14.6+1.1** 6.5+1.3++ 15.9+1.4** 10.3+1.2+

Note: the differences between the control group and the patients examined were significant —
*-p<0.05; ** - p<0.071; the difference between the parameters in the examined patients of Group 1and Group 2 before and after treatment is significant:

+-p<0,05; ++ - p<0,01.

Table II. Dynamics of indicators of cognitive function in the examined patients against the background of complex treatment

Examined patients

Indicator i;:'::l Group 1 (n=24) Group 2 (n=26)
(n=20) before after before after
treatments treatments treatments treatments
MCAS, points 29.7+0.6 25.3+0.4* 28.7+0.5+ 23.1+0.7** 25.9+0.5
MMSE scale, points 29.9+0.4 24.0+0.9 26.3+0.7 21.3+0.5* 23.9+1.1
Technique of (Remembering 10 wordsy, ), 3 6.9+1.1% 8.1£0.4 5.3+0.7% 7,804+
by A. Luria, words
Boston Stress Test, points 12.4+0.7 47.3+£0.9%* 23.1+£0.8++ 56.7+3.1%* 40.5£2.9+
Benton’s line orientation test 26.4+2.3 23.0£1.7 24.7+0.9 22.1+£0.9* 22.9+0.7
Schulte’s test, sec. 41.2+3.6 34.7£1.5 39.3+1.0+ 30.7+2.2* 33.5+1.3
The Clock Drawing test 9.7+0.5 7.7+0.4*% 8.1£0.3 6.9+0.7* 7.7+0.5
WCST:
number of categories 5.7+0.8 5.2+04 5.4+0.3 5.0+0.5 5.3+0.8
the sum of all mistakes 11.7£0.9 16.2+0.6* 13.1£0.4+ 18.9+0.5* 16.6+0.9
perseverative errors 7.4+0.5 6.1£0.7 7.0+£0.4 5.0+£0.6* 6.1+£0.4+
non-perseverative errors 6.5+0.3 8.3+0.4*% 7.2+0.5+ 10.5+0.7* 9.2+0.4

Note: the differences between the control group and the patients examined were significant —
*-p<0.05; ** - p<0.01; the difference between the parameters in the examined patients of Group 1and Group 2 before and after treatment is significant:

+-p<0,05; ++ - p<0,01.

of its sympathetic department in both groups of examined
patients. It should be noted that no statistically significant
difference, according to the results of KVI was observed
between the survey groups.

Carrying out neuropsychometric testing before treat-
ment made it possible to determine cognitive impairment
and to establish their severity in patients with NAFLD and
type 2 diabetes (Table 2).

Cognitive impairment (mostly mild and moderate) be-
fore treatment by MCAS was detected in all of our patients
in both groups. The most pronounced disturbances were
determined in the areas of attention and concentration,
memory, less pronounced - visually constructive, espe-
cially among patients of Group 2 (NASH in combination
with type 2 diabetes). Analyzing the results obtained on

the MMSE scale before treatment, we can see that patients
with NAFLD and T2DM have impaired intelligence in the
form of mild dementia, with a maximal deviation from the
norm in patients with and NASH in combination with type
2 diabetes (21.3 + 0.5 points) p<0,05. Also the attenuation
of attention, increased fatigue, forgetfulness is indicated by
the results of A. Lurias test in all examined patients with
a maximum deviation from the norm before treatment in
Group 2.

Reduced levels of stress persist according to the results
of the Boston test in patients of Group 1 (p<0.01). Stressful
situations have a pronounced impact on the lives of these
patients, but they are not critical enough to any issues.
Patients with NASH combined with T2DM have the lowest
level of resistance to stress (56.7 + 3.1 points — p<0.01).
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They found a slight vulnerability even from minor impacts.

Expressed memory impairment and inability to focus
on specific tasks for a long time, reduced performance,
rapid fatigue were diagnosed using the Benton, Schulte and
Clock Drawing tests. At the same time, only in patients of
Group 2the difference of the received data was statistically
significantly different from such indicators in the control
group (p < 0.05) according to the results of Benton and
Schulte tests.

The inability to switch attention effectively when the
environmental conditions are changing was revealed by
the WCST in the form of an increase of perseverative re-
sponses while performing this test, which may adversely
affect verbal functions in the examined patients with NASH
and type 2 diabetes.

So patients with NAFLD and type 2 diabetes have VNS
dysfunction, as well as cognitive impairment with maximal
abnormalities in patients with NASH before treatments.

Course therapy with 2-ethyl-6-methyl-3-hydroxypyri-
dine succinate has been shown to be effective in correcting
cognitive impairment in patients with NAFLD and T2DM.
At the same time, a more pronounced positive dynamics
was established by the results of repeated neuropsychomet-
ric testing in patients of Group 1. There was a statistically
significant increase in MCAS scores (up to 28.7 £ 0.5 points
- p<0.05), which was manifested mainly with improved
concentration and attention. Re-examination according to
the results of the Benton’s line orientation test and Schulte’s
test in the examined patients also indicate the improvement
of memory and concentration ability.

After the treatment, an improvement in the response to
stressful situations was registered in both groups of the
studied patients according to the Benton’ line orientation
test. Along with this, it should be noted more pronounced
positive dynamics in patients with NAFH and T2DM (by
24.2 + 0.8 points — p<0.01).

Receiving a comprehensive treatment with Armadin
contributed to the improvement of verbal functions in the
examined patients of both groups according to the results
of WCST re-evaluation.

DISCUSSION

The results of our studies show discernible CD in patients
with incorporate pathology, namely NAFLD and T2DM,
that progress proportional to duration of their disease.
The usage of neuropsychometric tests for detecting cogni-
tive, psycho- and neurovegetative dysfunctions in patients
with NAFLD and T2DM due to results of our searching
is an effective method of diagnostic the dysfunction of
nervous system.

It should be noted the effectiveness of 2-ethyl-6-meth-
yl-3-hydroxypyridine succinate in the complex treatment
of patients with NAFLD and T2DM. 2-ethyl-6-meth-
yl-3-hydroxypyridine succinate succinate is a heteroaro-
matic antioxidant that has a wide range of pharmacological
effects: increases the body’s resistance to stress, has an
anxiolytic effect that is not accompanied by drowsiness and
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muscle relaxant effect; has nootropic properties, prevents
and reduces memory disorders that occur due to aging and
under the influence of various pathogenic factors; exhibits
antioxidant and antihypoxic properties; increases concen-
tration and efficiency. The drug improves the metabolism of
brain tissues and their blood supply, improves microcircu-
lation and rheological properties of blood, reduces platelet
aggregation. Stabilizes the membrane structures of blood
cells, as well as reduces the content of total cholesterol and
low-density lipoprotein.

The wide therapeutic spectrum of action is due to its
antioxidant and membrane-protective activity. It inhibits
lipid peroxidation, increases superoxide oxidase activi-
ty, increases the lipid-protein ratio, reduces membrane
viscosity; modulates the activity of membrane-bound
enzymes (calcium-independent phosphodiesterase, ade-
nylate cyclase, acetylcholinesterase), receptor complexes
(benzodiazepine, GABA, acetylcholine), which enhances
their ability to bind to ligands, and promotes the preser-
vation of transmission. Armadine increases the level of
dopamine in the brain.

Thus, as shown by the results of our studies due to the
above mechanisms of action on the body, complex ther-
apy with Armadin improves autonomic and cognitive
impairment in patients with NAFLD and T2DM, which
is manifested by increased attention, concentration and
attention in these patients. It should be noted that a more
pronounced positive trend was obtained in the group of
patients with the initial stages of liver damage, namely in
patients with NAFH and T2DM

CONCLUSIONS

1. In patients with NAFLD and T2DM, congnitive and
neurovegetative dysfunctions were found, according
to neuro-psychometric testing.

2. Complex therapy using 2-ethyl-6-methyl-3-hydroxy-
pyridine succinate is an effective and safe method
for the correction of congnitive and neurovegetative
dysfunctions in patients with NAFLD and T2DM
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