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Abstract. Background. The studies of brain vessels in patients with non-alcoholic fatty liver disease (NAFLD)
can reveal new aspects of early detection of cerebral hemodynamic disorders, and will also allow the identification
of a high-risk patients group. The purpose was to investigate the peculiarities of changes in the brain vessels in
patients with NAFLD in combination with insulin resistance (IR) or type 2 diabetes mellitus (T2DM). Materials and
methods. The study involved 74 patients with NAFLD (34 patients with non-alcoholic fatty hepatosis (NAFH) and
40 patients with non-alcoholic steatohepatitis (NASH)). The comparison group included 38 patients (16 patients
with IR and 22 patients with T2DM). The condition of the blood flow in the brain was studied using ultrasound
duplex scan of the extracranial portion of the common carotid artery (eCCA), the external carotid artery (eCA), the
extracranial portion of the internal carotid artery, middle cerebral artery, the vertebral artery (VA), ophthalmic artery.
The peak systolic velocity (PSV) and the time-average maximum (TAMX) of blood flow velocity in the studied ves-
sels was determined. Results. The asymmetric damage to the vessels of the brain with more severe left ventricular
dysfunction with NAFH is conspicuous; it is more pronounced in patients with the NASH stage, especially in combi-
nation with IR. Hemodynamically, the most significant changes were found in eCCA, namely, the decrease in PSV
was found to be 38.1 + 2.3 cm/s on the right, and 36.6 + 3.4 cm/s on the left, TAMX reduction 20.4 + 2.1 cm/s on
the right, and 16.7 + 1.8 cm/s on the left. Conclusions. The patients with NAFLD, as well as IR and T2DM had
a decrease in the speed of blood flow in extracranial vessels of the brain, mainly in the eCCA, eCA and VA (seg-
ment 3). The most pronounced blood flow deficiency has been observed in patients with NASH in combination with
IR, mainly on the left, especially in eCCA.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinical
diagnosis that includes the presence of 5 % or more hepatic
cells with fat accumulation as determined by liver imaging
or biopsy in the absence of secondary causes of hepatic ste-
atosis. NAFLD spans the spectrum of simple steatosis or
non-alcoholic fatty liver to non-alcoholic steatohepatitis
(NASH) which is defined histologically as hepatic steatosis,
hepatic inflammation, and hepatocellular ballooning with
or without fibrosis [1].

NAFLD is prevalent worldwide and is the most com-
mon chronic liver disease in Western countries. Its increa-
sing prevalence is associated with major risk factors such as

obesity, dyslipidemia, type 2 diabetes mellitus (T2DM), and
the metabolic syndrome [2].

NAFLD is a systemic disorder of energy, glucose, and
lipid homeostasis with hepatic manifestations [3]. Meta-
bolic disorders, such as lipid accumulation, insulin resis-
tance (IR), and inflammation, have been implicated in the
pathogenesis of NAFLD, but the underlying mechanisms,
including those that drive disease progression, are not fully
understood [4]. Therefore, the non-alcoholic fatty liver
disease covers a range of diseases closely related to meta-
bolic risk factors. As of today, the commonality of patho-
genic mechanisms for NAFLD and metabolic syndrome
has been proven, and their association with type 2 diabetes
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mellitus, cardiovascular diseases and severe forms of liver
disease, including cirrhosis and hepatocellular carcinoma,
is evident [5].

It is believed that IR plays a central role in the deve-
lopment of NAFLD [6]. Patients with insulin resistance, as
seen in obesity, metabolic syndrome, hypertension, and/or
type 2 diabetes mellitus frequently exhibit endothelial dys-
function and are prone to develop arterial atherosclerosis,
hypertension and metabolic disorders such as dysglycemia
and elevated plasma free fatty acid levels. As a result of IR in
patients with metabolic syndrome, type 2 diabetes, NAFLD,
etc., endothelial dysfunction is formed, as well as vascular in-
sulin resistance, combined with metabolic insulin resistance,
that contribute to the development of hypertension and car-
diovascular complications [7]. The associated physiological
mechanisms are not fully appreciated yet, however, it seems
that augmented oxidative stress, a physiological imbalance is
a possible mechanism involved in various vascular beds with
insulin resistance and hyperglycemia [8].

A growing body of literature now recognizes that dete-
rioration in vascular function over time is a major contribu-
tor to the process of cognitive aging. Liver disease, particu-
larly NAFLD, may be involved in the process of cognitive
aging through several potential mechanisms. First, persons
with NAFLD have a high prevalence of individual vascular
risk factors (e.g., hypertension) that contribute to the pro-
gression of cognitive aging. Additional risk factors that may
accelerate vascular aging include microvascular endothe-
lial dysfunction in concert with high levels of liver-derived
gamma-glutamyltransferase (GGT) and insulin-like growth
factor-1. Second, the concurrent presence of chronic sys-
temic inflammation and the metabolic syndrome, which are
highly prevalent in NAFLD, have been shown to contribute
to cognitive impairment. Finally, obesity, in particular vis-
ceral adiposity, is related to neurodegenerative, vascular, and
metabolic processes that affect brain structures underlying
cognitive function [9].

Therefore, the studies of brain vessels in patients with
NAFLD can reveal new aspects of early detection of cere-
bral hemodynamic disorders, and will also allow the identi-
fication of a high-risk patients group who will need to un-
dergo a correction of existing disorders in order to prevent
cardiovascular catastrophe, especially when combined with
NAFLD with IR, T2DM and obesity.

The purpose of the study was to investigate the peculiari-
ties of changes in the brain vessels in patients with NAFLD
in combination with IR or T2DM.

Materials and methods

At the clinical site of the Department of Propaedeutics
of Internal Diseases of the Medical Faculty of SHEI “Uzh-
horod National University” (Gastroenterology and Endocri-
nology Department in Novak Transcarpathia Region Clini-
cal Hospital) during 2016—2019, 74 patients with NAFLD
were examined. The average age was (47.8 £ 7.9) years. They
formed the basic group of the examined patients (Group 1).
Patients in Group 1 were divided into subgroups, namely:

— subgroup 1.1 included 34 patients with non-alcoholic
fatty hepatosis (NAFH) (20 males (58.8 %) and 14 females
(41.2 %), the average age was (47.7 & 6.8) years);

— subgroup 1.2 included 40 patients with non-alcoholic
steatohepatitis (24 males (60.0 %) and 16 females (40.0 %),
the average age was (48.9 £ 6.8) years).

In order to achieve the aim of the research, the patients
in the basic group (Group 1) were further divided into sub-
groups depending on the presence of type 2 diabetes (mo-
derate to severe) or IR (Fig. 1).

The comparison group (Group 2) included 38 patients
examined without laboratory-instrumental manifestations
of liver damage, which in turn were divided into 2 sub-
groups, namely:

— subgroup 2.1 included 16 patients with IR (10 males
(62.5 %) and 6 females (37.5 %), the average age was
(42.4 £ 6.9) years);

— subgroup 2.2 included 22 patients with moderate to
severe T2DM (13 males (59.1 %) and 9 females (40.9 %),
the average age was (46.6 * 4.1) years).

The control group included 20 apparently healthy per-
sons (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 the-
rapeutic measures was received from all of the patients), and
the methodology of their implementation met the World
Medical Association Declaration of Helsinki (1975) and
its revised version of 1983, and European Convention on
Human Rights, as well as biomedicine and legislation of
Ukraine.

All the examined patients were subject to general clini-
cal, anthropometric, instrumental, and laboratory tests. The
diagnosis was verified by complaints and history taking. In
anthropometric study, height, weight, and waist circumfe-
rences were determined, and body mass index (BMI) was
calculated. According to WHO recommendations, pa-
tients were divided based on BMI, where BMI of 16.0 and
less corresponded to an expressed deficiency of body mass;
16.0—17.9 — insufficient body mass; 18.0—24.9 — normal
body mass; 25.0—29.9 — excess weight; 30.0—34.9 — class [
obesity; 35.0—39.9 — class I obesity; 40.0 and above — class
I1I obesity (morbid obesity) [10].

Ultrasound examination of the abdominal cavity was per-
formed in all patients according to generally accepted me-
thod. Standard and biochemical blood serum tests have been
performed to determine the functional state of the liver, lipid
metabolism indexes and carbohydrate metabolism (glucose,
insulin, glycosylated hemoglobin (HbAlc, %) indexes).

Patients of Group 1 with NAFLD

(n=74)
[ [

Subgroup 1.1 Subgroup 1.2
Patients with NAFH Patients with NASH
(n=34) (n=40)

I I I I
Subgroup Subgroup Subgroup Subgroup
1.1A 1.1B 1.2A 1.2B
Patients Patients Patients Patients
with NAFH with NAFH with NASH with NASH
and IR and T2DM and IR and T2DM

(n=16) (n=18) (n=20) (n=20)

Figure 1 — Distribution of patients with NAFLD
depending on the presence of IR or T2DM
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NAFLD diagnosis was established in accordance with
the Unified Clinical Protocol criteria (the Order of the
Ministry of Health of Ukraine dated November 6, 2014,
No. 826) and EASL-EASD-EASO Clinical Recommenda-
tions for Diagnosis and Treatment of NAFLD [11].

The degree of liver damage has been calculated using
surrogate markers of fibrosis with the help of online calcula-
tors:

1. NAFLD fibrosis score: taking into account the age
of the patients (years), BMI (kg/m?), glucose tolerance or
diabetes mellitus, alanine aminotransferase (ALT, U/L),
albumin (g/L), and the number of platelets (x10°/L). The
indicator corresponds:

< —1.455: predictor of absence of significant fibrosis
(FO—F?2 fibrosis);

< —1.455t0 < 0.675: undetermined score;

> 0.675: predictor of presence of significant fibrosis
(F3—F4 fibrosis).

2. Fibrosis 4 calculator: this formula takes into account
the age of a patient (years), level of ALT (U/L), AST (U/L)
and platelet count (x10°/L). Hence:

— an index lower than 1.45 — the probability of fibrosis
presence is low (around 90 %);

— an index larger than 3.25 — the probability of fibrosis
presence is high (around 90 %).

3. Fibrotest: here, the age (years), gender, GGT level
(U/L), total bilirubin (umol/L), apolipoprotein (g/L), hap-
toglobin (g/L), a2-macroglobulin (g/L) are taken into ac-
count.

Insulin resistance was determined using the HOMA-IR
(homeostasis model assessment method for insulin resis-
tance), which was calculated according to a formula (nor-
mally HOMA-IR < 2.5):

HOMA = fasting blood serum insulin (uU/mL) x
x fasting blood plasma glucose (mmol/L) / 22.5.

Diagnosis of type 2 diabetes mellitus has been estab-
lished according to IDF recommendations (2005), as well
as taking into account the criteria of unified clinical proto-
col (the Order of the Ministry of Health of Ukraine dated
December 21, 2012, No. 1118) [12]. The severity of T2DM
was evaluated by HbAlc index (norm being up to 6.0 %).

Ultrasound evaluation of the head vessels was performed
on Aloka ProSound 3500 SX (SSD-3500) (Hitachi Aloka
Medical, China) apparatus using Aloka UST-5524-7.5 sen-

sor. The condition of the blood flow in the brain was studied
using ultrasound duplex scan of the extracranial portion of
the common carotid artery (¢CCA), the external carotid ar-
tery (eCA), the extracranial portion of the internal carotid
artery (eICA), middle cerebral artery (MCA), the vertebral
artery (VA), ophthalmic artery (OA). The peak systolic ve-
locity (PSV) and the time-average maximum (TAMX) of
blood flow velocity in the studied vessels was determined.
For the differential diagnosis of the atherosclerotic changes
in brain vessels in the examined patients, eCCA posterior
wall intima-media complex thickness was measured, since
this is a marker of carotid atherosclerosis. The normal thick-
ness of the intima-media complex for all patients is less than
1.0 mm. If the thickness index of intima-media complex
of CCA 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, type 2 diabetes (moderate to severe de-
grees, with severe manifestations of diabetic angioneuropa-
thy), chronic hepatitis, alcoholic, viral (hepatitis B, C, D)
etiologies, autoimmune hepatitis.

The scientific research was carried out within the scien-
tific research work framework No. 851 “Mechanisms of the
formation of complications in liver diseases and pancreas,
methods of their treatment and prevention” (state registra-
tion number: 0115U001103), as well as the general depart-
ment topic of the Department of Propaedeutics of Internal
Diseases.

The analysis and processing of the examination results
were carried out using the computer program Statistics for
Windows 10.0 (StatSoft Inc., USA) using parametric and
non-parametric methods of evaluating the results obtained.

Results

The anthropometric study found that the prevailing
majority of the examined patients of both groups had
overweight or obesity of varying classification (class [—I1)
(Table 1).

It is worth noting that among the patients with NAFH
(Subgroup 1.1) and T2DM (Subgroup 2.2) people with class
I obesity prevailed (p < 0.05), while among the patients with
NASH (Subgroup 1.2) and IR (Subgroup 2.1) people with
overweight were determined significantly more often. At the

Table 1 — Distribution of the patients according to BMI

i Group 1 (n=74) Group 2 (n = 38)
Subgroup 1.1 (n = 34) | Subgroup 1.2 (n = 40) | Subgroup 2.1 (n = 16) | Subgroup 2.2 (n = 22)
Normal weight, % 8.8 12.5 18.8 13.6
18.0-24.9 kg/m? 22.3+2.7 20.3 £ 4.6 23.7 + 3.1 22.1+4.4
Overweight, % 29.4 45.0* 50.0* 27.3
25.0-29.9 kg/m? 27.0x4.1 26.6 + 3.3 28.4 + 3.5% 26.5+2.7
Class | obesity, % 50.0* 25.0 25.0 40.9*
30.0-34.9 kg/m? 33.7 £ 2.5* 31.6+1.9 34.1 + 3.3% 31.7+28
Class Il obesity, % 11.8 17.5 6.2 18.2
35.0-39.9 kg/m? 37.9+4.1 37.1+35 38.9+5.3 36.1 +3.2

Notes: the difference between the indexes of Group 1 within the subgroups is significant: * — p < 0.05; the
difference between the indexes of Group 2 is significant: * — p < 0.05.
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same time, among the patients from Group I, higher BMI
indexes within the limits of corresponding malnutrition de-
gree were determined in those with NAFH (Subgroup 1.1),
and among patients with carbohydrate metabolism disor-
der — among those examined for IR (Subgroup 2.1).

The study of the carbohydrate metabolism indexes con-
firmed the presence of IR in patients in Subgroup 2.1 and
T2DM in patients in Subgroup 2.2. At the same time, an
increase in insulin level in patients with T2DM (moderate to
severe) is a compensatory mechanism of the body for insulin
resistance, as indicated by the high index of HOMA-IR in
patients in Subgroup 2.1.

While characterizing carbohydrate metabolism, name-
ly IR, at NAFLD, differences were found in patients with
NAFH and NASH, namely, more severe hyperinsulinemia
in patients with NAFH ((44.7 = 6.5) U/L), which is associ-
ated with a more severe IR. Fasting glycemic indices were
also higher in NAFH patients: glucose level in patients in
the Subgroup 1.1A was (7.95 £ 0.24) mmol/1, and HbAlc —
(7.98 £0.36) %.

It should be noted that more severe disorders of carbo-
hydrate metabolism were found when combined with type 2
diabetes or IR with NAFLD than without it. In this case,
the maximum deviations from the parameters of the control
group were established in patients in Subgroup 1.1A (NAFH
in combination with IR) (Tables 2, 3).

The Tables 4, 5 demonstrate that all examined subgroups
of both groups revealed changes in the velocity of blood flow
in the vessels of the brain by the results of duplex scan.

The average blood flow velocity in both external and
internal carotid arteries in patients with both T2DM (Sub-
group 2.2) and IR (Subgroup 2.1) was determined. The maxi-
mum deviations from the norm were found in the blood flow
rates according to eCCA, namely, the decrease of PSV to
(50.2 £ 2.2) cm/s on the right and to (51.0 & 3.6) cm/s to the
left in patients in the Subgroup 2.1, and to (51.0 = 1.8) cm/s
on the right and up to (50.6 + 2.4) cm/s to the left in the
patients in the Subgroup 2.2. TAMX is also believed to be
significantly lower in patients with type 2 diabetes. In the
study of segments 3 and 4 of VA, a blood flow deficit on both
sides in patients in Group 2 was also diagnosed. It should be
noted that a significant difference in the studied parameters
in patients with type 2 diabetes was not detected in Group 2
(Table 4).

Patients with NAFLD revealed significant deviations
from the norm in blood flow rates in the study of major ves-
sels of the brain (Table 5). At the same time, in patients with
NAFH in both 1.1A and 1.1B Subgroups, the indicators did
not significantly differ from those in patients with IR ((Sub-
group 2.1) or T2DM (Subgroup 2.2) without liver damage.
Maximum changes in blood flow to extracranial vessels
of the brain are found in patients with NASH (Subgroups
1.2). At the same time, the difference in these indicators,
depending on the presence of IR (Subgroup 1.2A) or type 2
DM (Subgroup 1.2B) was not established.

The asymmetric damage to the vessels of the brain with
more severe left ventricular dysfunction with NAFH is
conspicuous; that is more pronounced in patients with the

Table 2 — Changes in carbohydrate metabolism in Group 2 patients (with T2DM and IR) and the control group

Group 2 (n = 38)
Index Control group
Subgroup 2.1 (n = 16) Subgroup 2.2 (n = 22)
Glucose (mmol/L) 4.51 +0.41 6.58 + 0.33* 7.82 + 0.26*
HbA1c (%) 4.38 + 0.26 6.73 £ 0.28" 7.91 £0.15"
Insulin (U/L) 9.20 + 1.14 36.21 + 5.57**# 19.77 £ 2.42*
C-peptide (ng/mL) 4.54 £ 0.97 16.21 + 1.88**+ 11.73 + 1.26*
HOMA-IR 1.71 £0.32 10.42 + 2.61** 6.23 + 0.40**

Notes: the difference between the indices in patients of the Group 2 and the control group is significant: * —
p <0.05; ** — p < 0.01; the difference between the indices in patients of the Group 2 in the subgroups is significant:

*—p<0.05*—p<0.01.

Table 3 — Changes of carbohydrate metabolism parameters in patients in Group 1
(patients with NAFH and NASH) depending on presence of T2DM or IR

Participants in Group 1 with NAFLD
Aty Subgroup 1.1 (n = 34) Subgroup 1.2 (n = 40)
Subgroup 1.1A Subgroup 1.1B Subgroup 1.2A Subgroup 1.2B
(n =16) (n=18) (n =20) (n =20)

Glucose (mmol/L) 6.95 + 0.27* 7.95 + 0.24* 6.75 + 0.31* 7.87 +0.19*
HbA1c (%) 6.88 + 0.36* 7.98 + 0.36* 6.80 + 0.36* 7.89 + 0.23*
Insulin (U/L) 44.7 £ 6.5**+ 29.7 + 3.3** 38.4 +4.1**+ 21.3+1.7*
C-peptide (ng/mL) 21.77 £ 2.31** 14.56 £ 1.45**+ 17.41 £ 1.67 12.33 £ 1.22*%+
HOMA-IR 12.81 £ 3.26** 10.41 £ 2.90** 11.32 £ 2.78*+ 7.44 + 0.23*

Notes: the difference between the indicators in patients of Group 1 and control group is significant: * — p < 0.05;
** — p < 0.01; the difference between the indices in patients of Group 1 by subgroups is significant: + — p < 0.05;

=+ _—p <0.01.
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NASH stage, especially in combination with IR (Subgroup
1.2A). Hemodynamically, the most significant changes were
found in eCCA and in the 3" segment of VA, namely, the
decrease in PSV was found to be (38.1 £ 2.3) cm/s on the
right, and (36.6 * 3.4) cm/s on the left, TAMX reduction
to be (20.4 £ 2.1) cm/s on the right, and (16.7 £+ 1.8) cm/s
on the left of eCCA; reduction of PSV to (40.1 = 2.2) cm/s
on the right, and up to (35.5 £ 1.7) cm/s on the left, reduc-
tion of TAMX to (18.4 = 1.0) cm/s on the right, and up to
(18.4 £ 1.0) cm/s to the left of the 3™ segment VA.

A detailed statistical analysis enabled to establish the
relationship between the violation of the blood flow in the
brain vessels and IR severity.

More often, the correlation between the violation of
the blood flow in the vessels of the brain (in eCCA, eCA

and VA (segment 3)) and IR severity with the HOMA in-
dex was found only in patients with NASH in combination
with IR (Subgroup 1.2A). In patients in Subgroup 1.1A, the
dependence is established only on the parameters of blood
flow on eCCA and VA, and in patients 2.1 — only on eCCA
(Table 6). Consequently, IR plays a leading role in the for-
mation of a blood flow deficit in the main vessels of the brain
in patients with NAFLD.

Discussion

The obtained results indicate that NAFLD, IR, T2DM,
and their combination are more likely to occur in per-
sons with excessive body weight and obesity. The evalua-
tion of carbohydrate metabolism indexes showed that IR is
more pronounced in patients with NAFH stage than with

Table 4 — Parameters of ultrasound examination of extracranial brain blood vessels in patients with T2DM
or with IR and in the control group, cm/s

Index Participants
Control Comparison groups (Group 2, n = 38)
. ontrol grou
Arterial segment (n= 290) 5 Subgroup 2.1 Subgroup 2.2
(IR,n=16) (type 2 DM, n = 22)
oy right 73.4+4.6 50.2 £ 2.2* 51.0+1.8"
left 71.7+£5.0 51.0 + 3.6* 50.6 + 2.4*
eCCA :
right 44.8 + 3.2 382+14 374 +22
TAMX
left 455+ 3.7 37.9+0.9 379+18
oy right 61.5+3.9 492 +1.7* 48.7 £ 0.9"
CA left 62.9+2.7 48.9 +1.9* 47.3+2.3"
e
right 38.3+22 31.1+£0.9 31.4+1.6
TAMX
left 37.0 3.1 30.9 2.1 31.0+1.5
PSV right 53.6 +5.8 455 +1.7 44.9 + 2.3*
left 55.9+5.4 45.7 £ 2.1 43.8 +3.7*
elCA -
right 34.7+2.0 28.7 + 0.8 276 +1.2
TAMX
left 33.0+2.6 29.0+1.3 28.7+1.7
oy right 96.4 + 6.7 86.4 + 3.2* 85.9+2.1"
left 91.5+7.1 87.3+5.5 86.9 3.0
MCA .
right 65.3+2.6 60.1 +1.2 59.8+2.0
TAMX
left 65.8 + 3.3 60.5 +0.7 60.4 +0.9
oy right 46.6 + 3.9 412+ 1.1 40927
VA, left 46.0+1.9 40.9+1.6 413+0.7
segment 3 right 27.3+1.6 20.8+0.7 21.0+0.5
TAMX
left 27.0+1.9 21.1+1.0 21.3+1.2
oy right 57.9 + 3.1 43.0 +1.8" 43.3 +2.3"
VA, left 56.8+2.5 42.7 £ 2.0* 429 +1.8*
segment 4 right 38.9+3.0 28.7 +2.1* 27.7 +1.7*
TAMX
left 39.1+26 28.0 + 1.6* 28.2 +1.0*
oy right 47.0 £ 3.1 424 +1.7 41726
OA left 479+ 2.6 434 1.1 428 +1.9
right 24.7+0.9 24.3+0.5 24.4+1.0
TAMX
left 258+1.2 246+14 25.0+0.9

Note: the difference between the indices in patients of the Group 2 and the control group is significant: * — p < 0.05.
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Table 5 — Parameters of ultrasound extracranial brain blood vessels examination of NAFLD patients, cm/s

Index NAFLD patients in the basic Group 1
Subgroup 1.1 (patients with NAFH) Subgroup 1.2 (patients with NASH)
Arterial segment Subgroup 1.1A | Subgroup 1.1B Subgroup 1.2A | Subgroup 1.2B
NAFH and IR NAFH and T2DM NASH and IR NASH and T2DM
(n=16) (n=18) (n =20) (n =20)
right 493 £ 2.7** 491 £1.7** 38.1 £2.3"™# 38.0 £1.7%#
oCCA Psv left 48.8 +2.7* 48.5 + 2.0* 36.6 + 3.4*# 36.0 £ 2.2**#
TAMX right 37.5+1.8 379+15 20.4 £ 2.1 # 19.4 £+ 1.7*%#
left 37.0+1.1 37.0+2.1 16.7 £ 1.8*# 15.90 + 1.84*#
right 48.7 +1.2* 474 £ 1.2 456 £ 2.1 451 +2.0*
Psv left 472 +1.4* 46.8 + 1.4* 442 +1.9* 439 +1.7*
eCA right 30.9+0.8 30.6+1.3 23.5+2.0"* 28.7 £ 1.7%#
TAMX left 298+ 1.7 30.0+£1.8 221 +£0.9%* 21.9 £ 1.0%*
right 450+11 44.4 + 1.6 421 £ 2.3 422 +1.8*
Psv left 447 +2.0 43.0 + 3.7* 416 +1.9* 411 +0.7*
elCA TAMX right 28.0+0.7 271 +1.8 254 +21* 25.6 £ 2.2*
left 28117 273+ 1.1 24.7 +2.0* 240 £1.7*
PV right 86.2 + 3.0" 85.7 £ 3.1 84.7 +2.6" 83.9 +2.8"
left 84.2+3.6 85.0+2.7 83.7 £ 2.9* 83.0 + 1.6*
McA TAMX right 59.7+1.0 59.0+2.6 54.7 +1.7* 55.7 + 1.4*
left 58.9+0.7 58.8 +1.8 532 +1.7* 53.1 £ 1.2*
right 40.7 + 2.3 39.7+25 40.1+£2.2 40.6 + 2.1
VA, PV left 40.0+0.6 39.2+14 35.5+1.7* 35.0+1.4*
segment 3 TAMX right 20.1+04 20.1+0.7 18.4 +1.0* 17.1 £ 0.9*
left 20.3+0.8 19.5 +1.7* 153 +1.2* 15.0 £ 1.7*
PV right 426 +1.7F 427 £ 1.4 411 +0.7F 408 +1.1*
VA, left 415+ 1.5* 41.0 +0.9* 40.2 +0.7* 40.1 +1.1%
segment 4 TAMX right 279 +1.6* 27.0 £ 2.0* 19.8 + 1.1* 19.2 +0.3*
left 274 £1.2* 26.3 +0.8* 19.0 £ 0.4* 18.9+0.7*
PV right 428 +2.5 414 +1.4 415+2.0 41.7+1.6
OA left 419 =+2.1 40.7 +1.3 39.2 +1.6* 389+ 1.1*
right 241 +1.2 240+1.0 23.1+1.1 23.1+2.1
TAMX
left 24.3+0.9 241 +£0.6 23.0+0.7 23.9+0.8

Notes: the difference between the indices in patients of the Group 1 and the control group is significant: * —
p < 0.05, * — p < 0.05; the difference between the indicators in patients of the Group 1 in the subgroups is

significant: * — p < 0.05.

Table 6 — Correlation between parameters of blood flow in great brain blood vessels

and IR based on HOMA-IR index

Parameters of examined

HOMA-IR

Subgroup 1.1A

Subgroup 1.2A

vessels Subgroup 2.1
(NAFH and IR) (NASH and IR) (IR)
CeA PSV r=0.47;p <0.05 r=0.92; p <0.01 r=0.76; p < 0.01
e
TAMX r=0.50; p <0.05 r=0.88; p <0.01 r=0.64; p<0.05
PSV - r=0.74; p < 0.01 -
eCA
TAMX - r=0.69; p<0.05 -
PSV r=0.56; p <0.05 r=0.57; p <0.05 -
VA, segment 3
TAMX r=0.62; p<0.05 r=0.49; p <0.05 -
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NASH (according to the HOMA index: (12.81 £ 3.26) and
(11.32 £ 2.78), respectively). Thus, IR is the key mechanism
in the progression of lesions of various organs and systems,
including the vascular bed, in patients with metabolic disor-
ders with NAFLD.

Various studies paid attention to psychological sta-
tus, cognitive impairment, as well as their association with
changes in the structure of the brain (with a decrease in the
volume of white matter) and the severity of fibrosis at NAFH
(B. Filipovi¢ et al., 2018) [13]. It is believed that cerebral he-
modynamics due to disruptions in the microcirculation can
lead to structural changes in the brain that underlie cogni-
tive impairment (L.B. VanWagner et al., 2017) [9].

According to A. Rasool et al. (2017), all patients with
NAFLD should be subjected to a study of the intima-media
complex of the posterior wall of the common carotid ar-
tery, since NAFLD is associated with carotid atherosclero-
sis and, consequently, coronary atherosclerosis [14]. In the
study of Y.J. Lee et al. (2018), NAFLD was associated with
a subclinical form of cerebrovascular atherosclerosis in an
asymptomatic general population of Korean men. Higher
prevalence of subclinical form of cerebroid-cardiac athero-
sclerosis was observed in patients with NAFLD compared
with controls without NAFLD. In addition, NAFLD was
associated with a higher risk of atherosclerosis in large ves-
sels [15]. Another study (L. Airaghi et al., 2018) also exa-
mined subclinical cerebrovascular lesions in patients with
NAFLD, but without risk factors for atherosclerosis [16].

The results obtained by us testify to the impairment of
the vascular pool of the brachiocephalic trunk in patients
with NAFLD, type 2 diabetes and IR. There was no signi-
ficant difference between the indicators of cerebral hemo-
dynamics in patients with type 2 diabetes and IR (without
liver damage). In fact, it does not differ from the data and
results of patients with NAFLD (regardless of the presence
of IR or DM). Our data indicate the maximum slowing
of blood flow to the vessels of the brain in patients with
NAFLD at the stage of steatohepatitis (regardless of the
presence of IR or DM). In this case, asymmetry with more
pronounced deceleration of velocity indicators to the left
is revealed.

Consequently, insulin resistance plays a leading role in
the formation of vascular tract defects in patients with meta-
bolic disorders (liver steatosis, obesity, T2DM, etc.). Vascu-
lar changes are more pronounced in patients with NASH,
which is probably due to a decrease in functional reserve of
the liver, which in turn contributes to the reduction of the
production/deactivation of vascular active biological sub-
stances, which together with the IR is the basis of the vascu-
lar system damage, including cerebral hemodynamics.

Further research is needed to better understand the pro-
gression of vascular lesions in NAFLD and in the carbohy-
drate metabolism, taking into account risk factors, severity
of liver damage, IR and type 2 diabetes as well as cognitive
impairment in these patients.

Conclusions

1. The patients with NAFLD (NAFH and NASH), as
well as IR and T2DM had a decrease in the velocity of blood
flow in extracranial vessels of the brain, mainly in the com-

mon carotid artery, external carotid artery and vertebral ar-
tery (segment 3).

2. There was no statistically significant difference be-
tween the indicators of cerebral hemodynamics in patients
with IR, type 2 diabetes mellitus (mild course) and NAFH
(regardless of type of IR or DM).

3. The most pronounced blood flow deficiency has been
observed in patients with NASH in combination with IR,
mainly on the left, especially in eCCA (PSV reduction to
(38.1 = 2.3) cm/s on the right and up to (36.6 £ 3.4) cm/s
on the left, and also TAMX decrease to (20.4 = 2.1) cm/s on
the right and to (16.7 & 1.8) cm/s on the left).
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ABH3 «Y>KropoACbKv HALIOHQABHUV YHIBEPCUTET», M. YXKIOpOoA, YkpaiHa

3MiHU CYAUH FOAOBHOIO MO3KY B MALLIEHTIB i3 HEOAKOTOAbHOIO
YKUPOBOIO XBOPOGOIO NEYiHKM 1 NOPYLUEHHSIM BYTA€BOAHOIO OOMIiHY

Pestome. Axmyaavnicmo. JTocmimKeHHs CyIUH TOJOBHOTO MO3-
Ky B MAlli€EHTIB i3 HEAJKOT0JIbHOIO XMPOBOIO XBOPOOOIO MEeUiHKU
(HAKXIT) moxxe po3KpUTH HOBi aCTMEKTH 111010 PAHHBOTO BUSIB-
JIEHHsI TIOPYILIEHb 1IepeOpaabHOl TeMOIMHAMIKH, a TAKOX T03BO-
JINTh BU3HAYUTHU TPYITy XBOPUX BUCOKOTO PU3UKY. Mema odocai-
Oocenns: NOCTIIUTU OCOOTMBOCTI 3MiHUM CYJIMH T'OJIOBHOTO MO3KY
B nauieHTiB i3 HAXKXI1 y moeaHaHHi 3 iHCYJIIHOPE3UCTEHTHICTIO
(IP) uu niykpoBum niaderom (L) 2 tury. Mamepiaau ma memo-
du. O6crexxeHo 74 naiieHTiB i3 HAXKXII (34 xBopi 3 HeaJIKOroJjb-
HUM xupoBuM renato3om (HAXKT) ta 40 xBopux 3 HEaJlKOTOJIb-
Hum crearorenatutoM (HACT)). Ipyna nopiBHsSIHHSI BKITIOUana
38 mauienTiB (16 xBopux 3 IP ta 22 mamienris 3 LI/ 2 Tuny). Ctan
KPOBOTOKY B Cy[IMHAaX TOJIOBHOTO MO3KY BUBYAJIM 3a JOTIOMOTOIO
YJABTPAa3BYKOBOTO TYTUIEKCHOTO CKaHYBaHHsI €KCTpaKpaHialbHOTO
BiZiy 3arasibHOi coHHoi apTtepii (3arCA), 30BHIlIHBOI COHHOL
aptepii (30BCA), eKcTpakpaHiaJIbHOTO Bi/ITiTy BHYTPIIITHO1 COH-
HOI1 apTepii, cepeaHboi MO3KOBOI apTepii, BepTeOpalbHOI apTepii
(BA), ouHoi aprepii. BusHauanau mikoBy CUCTOJIIYHY IIBUAKICTH

Cupyak E.C., lpura B.U., Kypyak H.fO., KyueHko A.HO.

(ITCI) Ta cepeaHio 3a YaCOM MaKCHUMaJIbHY IIBUIKICTh KPOBO-
ToKy (TAMX) B mocimKyBaHUX cyauHax. Pesyismamu. 3BepTae
Ha cebe yBary aCUMeTpUYHe ypaxkeHHsI CyIWH TOJIOBHOTO MO3KY
3 OibI BUpaxkeHUM AedilnToM KpoBOTOKY 31iBa mpu HAXKXII,
1o Oinbin BupaxeHe y xBopux 3i cramielo HACI, ocobauBo
y noenHaHHi 3 IP. TeMoamHaMiyHO HaiOiIbII 3HAUyIli 3MiHU
BcTaHoBieHO B 3arCA, a came BusiBieHe 3HMXKeHHs1 [1CII mo
(38,1 +2,3) cm/c cripaBa Ta 10 (36,6 + 3,4) cm/c 3niBa, 3HUXKEHHS
TAMX — 1o (20,4 + 2,1) cm/c cripaBa ta g0 (16,7 £ 1,8) cm/c 31i-
Ba. Bucnosxu. Y xBopux i3 HAXKXII, a Takox i3 IP ta LI/ 2 Tumy
BUSIBJICHE 3HVDKCHHSI IIBUIKICHUX ITOKa3HUKIB KPOBOTOKY IO
eKCTpaKpaHiaIbHUX CyIUMHaX TOJOBHOTO MO3KY, MEepPEBaXKHO IO
3arCA, 30BCA 1a BA (cermenT 3). Haii6inbiun BupaxxeHuii nedi-
IIMT KPOBOTOKY BcTaHOBJIeHUI Y xBopux Ha HACT y nmoenHaHHi 3
IP, mepeBaxHo 371iBa, ocobamBo 1o 3arCA.

KirouoBi ciioBa: HeankoronbHa XupoBa XBOpoOa MEUYiHKU; iH-
CYJIIHOPE3UCTEeHTHICTh; LIYKPOBUI AiabeT 2 TUITY; CYAMHM T'OJIOB-
HOTO MO3KY

BY3 «Y>KropOACKUA HOLMOHOABHbIN YHUBEPCUTET», I, YXKIOPOA, YKPAUHQ

MN3mMeHeHns COCYAOB FrOAOBHOIO MO3rd Y NALMEHTOB C HEOAKOTOAbHOM
XXNPOBOW GOAE3HBIO NEYEHU U HOPYLUEHUEM YTA€BOAHOIO O6MeHa

Pesiome. Axmyaavnocms. ViccienoBaHue cOCyloB TOJOBHOTO
MO3ra y MalMeHTOB ¢ HeaJKOTOJIbHOW XUPOBOK OO0JIE3HBIO Tie-
yeHu (HAXKBIT) MoXxeT pacKpbITh HOBbIE aCTIEKThI pAHHETO Bbl-
SIBICHUST HApYIICHUIA 11epeOpaibHO TeMOIMHAMUKY, a TakxkKe
00HapPYXUTh IPyIIy OOJbHBIX BbICOKOTO pucka. Ifeas uccaedo-
6anus: U3y4UTh OCOOEHHOCTU U3MEHEHUI B COCYAax IrOJOBHO-
ro mo3ra y nainueHToB ¢ HAKBII B coueTaHuM ¢ MHCYJIMHOpE-
sucteHTHocThio (MP) unu caxapusim auaderom (CJ) 2 tumna.
Mamepuaavt u memoodst. O6cnenosano 74 nauenra ¢ HAXKBI
(34 OONBHBIX C HEAJIKOTOJIbHBIM XKUPOBLIM Terato3oM (HAXKT)
u 40 GoabHBIX ¢ HealnkorojJbHbIM cTeaTorenatutom (HACT)).
[pynna cpaBHeHus BKIoyaia 38 manmeHToB (16 GOJNIBHBIX C
WP u 22 mauuenra ¢ CJ1 2 Tuna). CocrosiHre KPOBOTOKA B CO-
cylax TOJIOBHOTO MO3Ta M3yvajly ¢ MOMOIIBIO YJIbTPa3ByKOBO-
ro IyMJIeKCHOTO0 CKaHUPOBAaHUSI IKCTPAKPAaHMAIbHOIO OTIesa
o6ueir coHHoit aprepuu (OCA), HapyXHO COHHOII apTepuu
(HCA), sxcrpakpaHuaibHOTO OTIEIa BHYTPEHHEH COHHOM ap-
TEepUU, CpPellHeil MO3TOBOW apTepuu, BepTeOpaIbHOU apTepuu
(BA), rnasHoii aprepun. Onpeaeisiiu MMKOBYIO CUCTOJUYECKYIO

ckopoctsb (ITCC) u cpenHIo MO BpeMeHN MaKCUMAaJIbHYIO CKO-
poctb kpoBoToka (TAMX) B uccnenyemsix cocynax. Pezyasma-
mot. OOpailiaet Ha ce0si BHUMaHUEe aCUMMETPUYHOE MopaXeHue
COCYIIOB TOJJOBHOTO MoO3ra ¢ 0osiee BbIpaXkeHHbIM AehULIMTOM
kpoBotoka ciesa pu HAZKBII, uto 6ojee BbIpakeHO y 00Jb-
Hbix co cragueit HACT, ocobenno B coueranuu ¢ UP. Temonu-
HaMMUYeCKU Haubosiee 3HaYMMble U3MEHEHHUsI YCTAHOBJICHBI B
OCA, aumenHo BbisiBiieHo cHkeHue [TCC no (38,1 £2,3) em/c
cripaBa u 10 (36,6 £ 3,4) cm/c cieBa, cHuxenue TAMX — 110
(20,4 + 2,1) cm/c cripaBa u g0 (16,7 £ 1,8) cm/c cieBa. BoteodeL.
V nauuenTtoB ¢ HAKBIT, UP u CJI 2 Tumna BbIsIBI€HO CHUXEHUE
CKOPOCTHBIX TTOKa3aTejieil KpOBOTOKA MO 3KCTpaKpaHUATbHBIM
cocyaaM ToJIOBHOTO Mo3ra, npeumyiectBeHHO 1o OCA, HCA n
BA (cerment 3). HaubGoee BbIpaxkeHHBIN Oe(ULIUT KPOBOTOKA
ycraHoBsieH y 6oabHbIX HACT B couetanuu ¢ P, mpeumyiiect-
BEHHO cyieBa, ocobeHHo mo OCA.

KiroueBbie c/i0Ba: HeaKorojibHasi XUPOBasi 0OJIE3Hb MEYEHHU;
MHCYJTMHOPE3UCTEHTHOCTD; CaXapHblii 11abeT 2 TUIa; COCYIbI T0-
JIOBHOTO MO3ra

Vol. 83, No. 2, 2019

www.gastro.org.ua, http://gastro.zaslavsky.com.ua

105


https://www.who.int/nutrition/databases/bmi/en/
https://www.ncbi.nlm.nih.gov/pubmed/27062661
https://www.ncbi.nlm.nih.gov/pubmed/27062661
https://www.ncbi.nlm.nih.gov/pubmed/27062661
https://www.ncbi.nlm.nih.gov/pubmed/27062661
https://www.ncbi.nlm.nih.gov/pubmed/27062661
https://www.ncbi.nlm.nih.gov/pubmed/27062661
http://mtd.dec.gov.ua/images/dodatki/2012_1118/2012_1118AKN.pdf
http://mtd.dec.gov.ua/images/dodatki/2012_1118/2012_1118AKN.pdf
http://mtd.dec.gov.ua/images/dodatki/2012_1118/2012_1118AKN.pdf
http://mtd.dec.gov.ua/images/dodatki/2012_1118/2012_1118AKN.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29682494
https://www.ncbi.nlm.nih.gov/pubmed/29682494
https://www.ncbi.nlm.nih.gov/pubmed/29682494
https://www.ncbi.nlm.nih.gov/pubmed/29682494
https://www.ncbi.nlm.nih.gov/pubmed/30276302
https://www.ncbi.nlm.nih.gov/pubmed/30276302
https://www.ncbi.nlm.nih.gov/pubmed/30276302
https://www.ncbi.nlm.nih.gov/pubmed/30276302
https://www.ncbi.nlm.nih.gov/pubmed/29565984
https://www.ncbi.nlm.nih.gov/pubmed/29565984
https://www.ncbi.nlm.nih.gov/pubmed/29565984
https://www.ncbi.nlm.nih.gov/pubmed/29565984
https://www.ncbi.nlm.nih.gov/pubmed/29175651
https://www.ncbi.nlm.nih.gov/pubmed/29175651
https://www.ncbi.nlm.nih.gov/pubmed/29175651
https://www.ncbi.nlm.nih.gov/pubmed/29175651

