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Abstract

Introduction. Non-alcoholic fatty liver disease (NAFLD) is one of the most common chronic
liver diseases; and considerable attention is paid to the comorbidity of NAFLD with
hypertension (HT), which affects around one-third of the world's population. The combination
of NAFLD with hypertension has been suggested to have a mutual potentiating effect, and
hypertension affects the severity of NAFLD. The purpose: to study the features of the
clinical manifestation of NAFLD in patients with hypertension. Materials and methods.
The study included 115 patients with NAFLD at the stage of nonalcoholic steatohepatitis.
The main group consisted of 63 patients with NAFLD and HT, the comparison group included
52 patients with isolated NAFLD, and the control group was composed of 20 healthy
volunteers. The patients underwent anthropometric measurements, evaluation of biochemical
markers of liver functional activity, lipid profile and carbohydrate metabolism changes,
C-reactive protein (CRP) levels. Results. A significant increase in the proportion of patients
with active complaints in the group of patients with NAFLD with HT (subjective signs of
liver damage, manifestations of dyspeptic and asthenic syndrome) was detected. Significant
differences were found in almost all anthropometric indicators in both groups of patients
with NAFLD in comparison with the control group. The level of CRP had significant differences
and was 7.90 mg/l (95% CI = 7.96-8.75 mg/l), 6.55 mg/l (95% CI = 6.47-7.57 mg/l) and
2.07 (95% CI = 1.83-2.85 mg/l) in patients with NAFLD and HT, isolated NAFLD and the
control group, respectively (p <0.001). Fasting glucose levels were significantly higher in
both groups of examined patients with NAFLD compared with controls. Significant
differences were found in the levels of total cholesterol, VLDL cholesterol, HDL cholesterol
and atherogenic factor in patients with NAFLD depending on concomitant HT. There was
no significant difference between LDL cholesterol and triglycerides in the two groups of
patients with NAFLD. Conclusions. Based on the obtained data, it can be stated that GC in
patients with NAFLD determines important deviations in the clinical manifestation of the
disease and can be considered as a trigger factor for the progression of NAFLD.
Keywords: non-alcoholic fatty liver disease, NAFLD, hypertension, NAFLD with HT, NAFLD
comorbidity, clinical variability, clinical manifestation.

1. Introduction

Non-alcoholic fatty liver disease (NAFLD)
is one of the most common metabolic pathologies.
Manifestation of NAFLD is the accumulation of
lipids in the liver with the development of steatosis
and fibrosis of the liver parenchyma. NAFLD
differs in stages, from simple steatosis pathological
processes can progress to non-alcoholic
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steatohepatitis (NASH), fibrosis and cirrhosis of
the liver. In the final stages, the pathology can
lead to hepatocellular carcinoma development
[16].

The incidence of NAFLD is about 70%
among chronic liver diseases, affecting 17 to 40%
of the adult population in different countries and
20-30% of the European population [4].
Considerable attention is paid to the comorbidity
of NAFLD with cardiovascular diseases,
especially hypertension (HT). High blood pressure
is found in about 30% of the world's population, it
is determined by one of the most significant risk
factors for cardiovascular mortality [12].
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According to several studies, NAFLD and
hypertension have the effect of mutual
potentiation in combination. Hypertension affects
the severity of NAFLD and the rate of fibrosis in
the liver parenchyma, and NAFLD contributes
to the progression of hypertension and causes
secondary damage to target organs [5].

It is known that NAFLD is a hepatic
manifestation of the metabolic syndrome, one of
the components of which is hypertension. In this
regard, hypertension doubles the risk of liver
fibrosis progression [14; 13; 17]. The association
between NAFLD and HT has also been shown
to be independent of other manifestations of the
metabolic syndrome, such as overweight and
insulin resistance. Changes in eating behavior,
hypokinesia, overweight and smoking were
identified among the main common risk factors
for the two pathologies [15]. In the pathogenesis
of NAFLD, systemic inflammation plays an
important role [20]. A significant increase in
C-reactive protein and other inflammatory
markers is observed in patients with NAFLD,
especially at the stage of NASH [6].

Research data indicate the activation of
inflammatory processes associated with HT.
Endothelial dysfunction, tissue hypoxia, and
immune response changes play a key role in the
inflammation pathogenesis in such patients [19].

Lipid profile changes has been drawing
considerable attention in the study of patients with
both NAFLD and HT. The risk of mortality in
patients with hypertension is defined as increased
in the presence of hypercholesterolemia and
hypertriglyceridemia [21]. Other studies indicate
an increased risk of NAFLD progression with
elevated levels of triglycerides (TG), low-density
lipoprotein (LDL) cholesterol, very low-density
lipoprotein (VLDL) cholesterol and concomitant
reduction of high-density lipoprotein (HDL)
cholesterol [7; 9].

Common pathogenic pathways associated
with the activation of the renin-angiotensin-
aldosterone system, systemic inflammation,
oxidative stress, apoptosis, and endotoxemia
determine higher morbidity and mortality in
patients with a combination of NAFLD and HT.
Several studies note that even elevated normal
blood pressure figures predict the development
and progression of NAFLD, and confirmed
NAFLD significantly increases the risk of
developing hypertension [19; 3].

2. Purposes, subjects and methods

2.1. The purpose of the research was to
study the features of the clinical manifestation of

non-alcoholic fatty liver disease in patients with
hypertension.

2.2. Subjects and methods

115, of them 57 men and 58 women, aged 38
to 59 years (n=115; M =48.3; 95% Cl =47.4-
49.3) s with verified NAFLD at the stage of non-
alcoholic steatohepatitis in combination with and
without hypertension were examined. According
to the presence of hypertension, the patients were
divided into two groups. The main group included
patients with NAFLD in combination with HT
(n=63; 32 men and 31 women), aged 38 to 59 years
(M =48.4;95% CI=47.2-49.6). The comparison
group consisted of patients with isolated fatty liver
(n=52;25 men and 27 women) aged 39 to 59 years
(Me = 48.3; 95% CI = 46.8-49.8). The control
group was composed of 20 healthy volunteers,
including 12 women and 8 men aged 38 to 56 years
(Me =47.1; 95% CI =45.1-49.1).

The duration of NAFLD in patients with
comorbid NAFL ranged from 2 to 16 years
(Me = 6.6; 95% CI = 5.8-7.3), and hypertension
in this group of patients was diagnosed from 2 to
19 years ago (Me = 8.4 years; 95% CI =7.3-9.5).
The duration of NAFLD in the group of patients
with an isolated fatty liver was also in the range
from 2 to 16 years, but on average was insignificantly
longer than in the group of comorbid course
(Me =7.8;95% CI = 6.7-8.8; p = 0.086).

NAFLD was diagnosed in the previous stages
of managing the patients according to the Order
of the Ministry of Health of Ukraine as of 06/11/
2014, No. 826 "Unified clinical protocol of primary,
secondary (specialized) medical care: non-
alcoholic steatohepatitis" and EASL-EASD-EASO
Clinical Practice Guidelines, 2016. Hypertension
was diagnosed in the previous stages of managing
patients according to the Order of the Ministry
of Health of Ukraine No. 384 as of 24/05/2012,
"Unified clinical protocol for medical care in
arterial hypertension" and criteria of European
(ESH / ESC) clinical guidelines for arterial
hypertension, 2018.

The overall study included anthropometric
measurements — height, weight, waist (WC) and
thigh circumference (TC) were determined by
standard methods. Body mass index (BMI) and
thigh to waist ratio (TWaR) were also calculated
according to generally accepted formulas.
Biochemical parameters of liver functional
activity were determined by spectrophotometric
and colometric methods (including alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), gamma-
glutamyl transpeptidase (GGT)). In addition, the
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levels of of lipid metabolism (total cholesterol,
triglycerides, VLDL cholesterol, HDL cholesterol)
were determines by the enzymatic method on a
biochemical analyzer. Low-density lipoprotein
cholesterol (LDL cholesterol) was calculated by
Friedewald W.T. (1972) and atherogenic
coefficient was determined by the following
formula, proposed by A. N. Klimov (1982): Total
cholesterol — HDL cholesterol / HDL cholesterol.
In order to assess carbohydrate metabolism,
glucose levels were determined using the glucose
oxidant method. The level of acute-phase marker
of inflammation, C-reactive protein (CRP), was
determined using a highly sensitive method
(hs-CRP ELISA) (Biomerica, USA). All statistical
processing of obtained results was performed using
computer software packages "Excel 2019"
(Microsoft), "Statistica 8.0. for Windows" (StatSoft
Inc.). Continuous variables are presented as mean
(M) or median (Me) depending on the
correspondence with the normal distribution and
confidence intervals with established reliability
y=0.95 (95% CI). Non-parametric methods were
used to determine the relationships between risk
factors, clinical and laboratory parameters.
Spearman's rank correlation coefficient was

determined and Chaddock scale was used to
determine the strength of the relationship. The
statistical significance of differences in relative
indicators was determined using Pearson's chi-
squared test. The Manng Whitney U-test was used
to determine the difference between the two
independent samples by the trait level. The
maximum allowable probability of committing a
type I error (p-value) was established as the value
of the level of statistical significance less or equal
than 0.05.

Conflict of interests

The authors of the article declare no conflict
of interest.

3. Results

Typical complaints of patients with NAFLD
with or without hypertension were general
weakness, fatigue, loss of appetite, right upper
quadrant discomfort and pain, signs of emotional
instability (emotional lability, sleep disturbances).
The analysis of complaints revealed a significant
increase in the proportion of patients with active
complaints in the group of patients with NAFLD
against a background of hypertension (7able 1).

The levels of systolic blood pressure (SBP)
and diastolic blood pressure (DBP) in patients

Table 1

The frequency of the main complaints
in NAFLD patients depending on the presence of HI, n, %

NAFLD and HT

Complaints (n=63)

NAFLD
(n=52)

Probability of difference (Pearson's

n % n

% chi-squared test results)

General weakness 43 68.25 13

df =1
25 72=21.333
p < 0.001

Rapid fatigue 51 80.95 14

df=1
26.92 2= 33.839
p < 0.001

Impaired appetite 50 79.37 25

df =1
72=12.294
p <0.001

48.08

Early satiety 38 60.32 18

df=1
34.62 72=7.532
p = 0.007

Right upper

quadrant discomfort 42 66.67 22

df=1
42.31 7%= 6.849
p = 0.009

Right upper

quadrant pain 12 19.05 6

df=1
11.54 72=1.217
p = 0.271

Telangiectasia 15 23.81 6

df=1
11.54 7%= 2.874
p = 0.091

Sleep disorders 42 66.67 13

df =1
25 ¥?=19.820
p <0.001

Emotional lability 47 74.6 12

df =1
%2 =30.273
p < 0.001

23.08
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with NAFLD and HT naturally had significantly
difference in comparison with NAFLD patients
without HT and the control group. The figures of
DBP in the comparison group were significantly
lower than in the control group (7able 2).

values that was 2.07 mg/l (95% CI =1, 83-2.85
mg/1) in 3.8 (p <0.001) and 3.2 (p <0.001) times,
respectively (Figure).

Evaluation of metabolic profile revealed
changes in one of the main indicators of

Table 2

Blood pressure numbers in NAFLD patients depending on the presence of HT, mm Hg

. NAFLD and HT NAFLD Control group -
Indicator (n = 63) (n = 52) (n = 20) Reliability between groups
_ _ _ p1-2<0.001
140 (95% Cl = 120 (95% Cl = 123 (95% Cl =
SBP, mm Hg 137.86-140.55) 120.83-122.24) 121.94-126.56) g;j:%%%l;
_ _ _ p12<0.001
85 (95% Cl = 70 (95% Cl = 75 (95% Cl =
DBP, mm Hg 82.72-86.17) 70.54-73.30) 73.75-79.25) g;jj%%%l

Note: p < 0,05 — the difference is statistically significant between groups;

p,, — the difference between the NAFLD + HT group and the isolated NAFLD group;
p,., — the difference between the NAFLD + HT group and the control group;

p,,— the difference between the isolated NAFLD group and the control group.

No significant differences in anthropometric
parameters of patients with comorbid and isolated
NAFLD were found. Meanwhile, significant
differences were found in comparison with the
control group in almost all indicators of both the
main and the comparison group, except for the
thighs circumference. This was a reflection of
the regular prevalence of abdominal obesity in
patients with NAFLD (7able 3).

carbohydrate metabolism: fasting glucose levels
were significantly higher than in patients with
NAFLD and HT, which was 5.87 mmol/l (95%
CI = 5.76-5.98 mmol/l) (p <0.001) and in the
comparison group, where the figure reached
5.62 mmol/1(95% CI=5.43-5.60 mmol/l) (p<0.001)
in relation to the control values 4.52 mmol/l (95%
CI = 4.48-4.61 mmol/l). Comparative analysis
of glucose levels in the examined groups of

Table 3

Anthropometric parameters in NAFLD patients depending on the presence of HT, cm

Indicator NAF(Ir‘]Dz %g(; HT (I;I]A=FI5_5)) Co?r:rgl 290"(;“3 Reliability between groups
26.9 25.1 2.7 pra= 0477
BMI, cm (95% Cl = (95% Cl = (95% Cl = P13 < 0.001
24.45-29.34) 25.38-26.56) 22.41-23.46) P23 < 0.001
86.0 825 71.40 pr2 = 0.302
WC, cm (95% Cl = (95% Cl = (95% Cl = p13 < 0.001
82.9-87.4) 81.01-85.87) 67.57-75.13) P25 < 0.001
98.0 97.0 9.5 pr2=0.267
TC, cm (95% Cl = (95% ClI = (95% Cl = prs=0177
95.95-98.40) 95.70-97.72) 90.79-97.61) D2s = 0.436
: - 0.89 0.86 0.76 pr2=0.395
(TT%QF:()) waist ratio (95% Cl = (95% Cl = (95% Cl = p1a < 0.001
0.86-0.90) 0.84-0.89) 0.74-0.77) P25 < 0.001

Note: p < 0,05 — the difference is statistically significant between groups;

p,, — the difference between the NAFLD + HT group and the isolated NAFLD group;
p,, — the difference between the NAFLD + HT group and the control group;

. the difference between the isolated NAFLD group and the control group.

Determination of C-reactive protein levels as
a non-specific marker of inflammatory processes
also revealed a significant difference in its content
among the groups. In patients of the main group
C-reactive protein level was 7.90 mg/1 (95% CI =
7.96-8.75 mg/1), in patients with isolated course of
NAFLD was 6.55 mg/1 (95% CI= 6.47-7.57 mg/
1) (p <0.001). These results exceeded the control

patients also showed statistically significant
difference (p < 0.001).

Significant differences between the groups were
found in determining the lipid profile to assess the
possibility of combining the mechanisms of
dyslipidemia in patients with comorbid NAFLD and
hypertension. Almost all indicators of the lipid profile
of both examined groups had a significant difference
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aNAFLD +HT @aNAFLD
4 Control group

The levels of C-reactive protein in NAFLD patients depending on the presence of HT, mg/1

in comparison with the control indicators, except
for HDL cholesterol in the comparison group.
Comparison of lipid profile in patients with NAFLD
against a HT background with isolated NAFLD
individuals revealed significant differences in levels
of total cholesterol, LDL cholesterol, HDL
cholesterol and atherogenic coefficient. There was
no significant difference between LDL cholesterol
and triglycerides in the two groups (Table 4).

The obtained data confirm the idea of the
prevalence of the type of hyperlipoproteinemia
phenotype "IIb" in patients with HT, determine
the serum lipid profile in patients with NAFLD

as proatherogenic, and indicate the effect of
concomitant hypertension on lipid metabolism in
patients with NAFLD.

The study of the levels of markers of liver
damage revealed similar deviations: significant
differences between the groups of examined
patients were found for all indicators. There was
no statistically significant difference only in the
group with isolated NAFLD in the assessment
of alkaline phosphatase and De Ritis ratio in
comparison with the parameters of almost healthy
individuals. At the same time, only 12 patients
from the main group had an AST/ALT index in

Table 4
Lipid profile results in NAFLD patients depending on the presence of HT, mmol/l
Indicator NAFLD and HT NAFLD Control group Reliability
(n=63) (n=52) (n=20) between groups
6.78 5.93 4.00 p12 < 0.001
Total cholesterol, mmol/l (95% CI = (95% CI = (95% CI = p1-3 < 0.001
6.60-6.97) 5.77-6.08) 3.76-4.24) p2-3 < 0.001
4.1 3.14 2.28 p12=7.38
LDL cholesterol, mmol/l (95% CI = (95% CI = (95% CI = p1-3 < 0.001
3.99-4.44) 2.97-3.45) 2.25-2.65) p2-3 < 0.001
0.78 0.61 0.50 p12 < 0.001
LDL cholesterol, mmol/l (95% CI = (95% CI = (95% CI = p1-3 < 0.001
0.74-0.82) 0.57-0.66) 0.45-0.56) p23 = 0.014
1.01 1.19 1.165 p12 < 0.001
HDL cholesterol, mmol/l (95% CI = (95% CI = (95% CI = p1-3 < 0.001
1.01-1.09) 1.14-1.24) 1.13-1.28) p2-3 = 0.821
1.9 2.03 1.27 p1-2 = 0.124
Triglycerides, mmol/l (95% CI = (95% CI = (95% CI = p1-3 < 0.001
1.84-2.02) 1.90-2.07) 1.16-1.38) p2-3 < 0.001
5.57 4.12 o _ p1-2 < 0.001
Atherogenic coefficient (95% Cl = (95% Cl = 2'3271(19?2/%8' = p1s < 0.001
5.27-5. 87) 3.86-4.37) e p2-3 < 0.001

Note: p < 0,05 — the difference is statistically significant between groups;
p,., — the difference between the NAFLD + HT group and the isolated NAFLD group;
p,, — the difference between the NAFLD + HT group and the control group;

p,, — the difference between the isolated NAFLD group and the control group.
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the range > 1, which can be considered a marker of
fibrotic and cirrhotic changes in the liver (7Table 5).

4. Discussion

The effect of concomitant hypertension on
the clinical manifestation of NAFLD has been
determined in various studies. Ampuero J. et al.
showed that HT was independently linked to
significant fibrosis in patients with NAFLD
(p=0.028). Also, investigation showed
significantly low HDL in 9.6 % and

confirm the state of lipid metabolism in the
patients who were examined.

The study of Ma J. included 1051 participants
with and without NAFLD, and showed that
baseline NAFLD was associated with increased
odds of incident HT (OR 1.42; 95% CI 1.15-
1.76; p=0.001) and patients with hypertension
at baseline had higher odds of NAFLD
development (OR 3.34; 95% CI 2.04-5.49)
(p<0.03).

Table 5
Markers of liver damage in NAFLD patients depending on the presence of HT, 1U/I
. NAFLD and HT NAFLD Control group L
Indicator (n=63) (n = 52) (n = 20) Reliability between groups
79.00 69.00 20.00 p1-2 < 0.001
ALT, 1U/l (95% Cl = (95% Cl = (95% Cl = p13 < 0.001
80.00-86.98) 65.29-70.79) 18.77-23.92) p2-3 < 0.001
75.05 54.00 16.50 p1-2 < 0.001
AST, 1U/l (95% Cl = (95% Cl = (95% Cl = p13 < 0.001
68.13-75.17) 53.16-56.99) 15.36-20.04) p23 < 0.001
0.90 (95% CI = _ _ p12 < 0.001
. . 0.80 (95% ClI = 0.82 (95% Cl = _
De Ritis ratio (AST/ALT) 0.88-0.92) 0.80.0.83) 0.79-0.87) pi = 0.005
p2-3 = 0.439
1840.00 1150.00 1160.00 pt2 <0.001
(95% Cl = ool o pi3 < 0.001
AF, U/l 1764.83- (95% CI = (95% Cl = P23 = 0.826
1872.79) 1059.91-1213.17) 1032.76-1222.24)

64.00 57.83 28.15 pra <000
GGTP, U/l (95% Cl = (95% Cl = (95% Cl = P13 <0001

63.31-70.53) 55.08-60.57) 23.84-32.46) P23 < U.

Note: p < 0,05 — the difference is statistically significant between groups;

p,,— the difference between the NAFLD + HT group and the isolated NAFLD group;
p,; — the difference between the NAFLD + HT group and the control group;

p, ,— the difference between the isolated NAFLD group and the control group.

hypertriglyceridemia in 23.6% of patients with
comorbid course of NAFLD on the background
of HT was found [1].

The possibility of the two-way relationship
between these diseases remains under study.
Prospective cohort study of Liu P. et.al. included
6704 eligible hypertension-free subjects and 9328
NAFLD-free subjects and bidirectional
association between NAFLD and hypertension
was also shown. Among 6704 participants free
of HT at baseline, 2561 (38.2%) developed
hypertension and 2289 (24.5%) participants
developed NAFLD on the background of HT.
Patients with NAFLD and HT had significantly
higher mean waist circumference and BMI, levels
of serum lipids (TC, TG, and LDL-c). This study
provided evidence that development and
persistence of hypertension were the high risk
factors for incident and more severe course of
NAFLD in patients without T2D2 or obesity [10].

These conclusions contradict the results of
anthropometry obtained in this study, but they

It was also found significant differences in
the glucose level, as well as the state of lipid
metabolism in patients with NAFLD and
accompanied HT. The study showed possibility
of insulin resistance influence on linking the bi-
directional association of fatty liver and CVD
risk factors throw overproduction of VLDL and
increased influx of free fatty acids into the liver
from adipose tissue [13].

According to Aneni E. C. etal., more prevalent
NAFLD may occur early in the development of
HT, even in conditions of the absence of other
metabolic risk factors. The authors concluded
that controlling blood pressure levels among even
non-obese hypertensive patients may be
important in preventing or limiting NAFLD [2].

Hypertensive patients in this research had
significantly higher waist circumference values
(98.52+12.52 cm) and body mass index
(29.99£1.41 kg/m2), higher glycaemia level
(124.14+45.33 mg/dL), higher level of
triglycerides (195.27+74.52 mg/dL), and hs-CRP
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(0.53+0.44 mg/dL) [18]. In fact, this is in line with
the results of this study, which also point to the
importance of blood pressure control due to the
negative impact of hypertension on the
manifestation of NAFLD.

Ilan, Y in showed that the prevalence of
NAFLD in cases of normal blood pressure,
prehypertension, and HT reaches 16.5, 37.5, and
59.3%, respectively. In multivariate analyses,
prehypertension and hypertension have been
associated with elevated risk of presence
NAFLD. High hs-CRP values was found in
hypertensive patients and it was considered as
an independent risk factor for HT. Authors
concluded that this biomarker can aggravate
hypertension by participating in local and systemic
inflammatory responses [8]. Significant
differences in the CRP level obtained during the
examination of patients with comorbid and isolated
NAFLD course also confirm this statement.

Summary from 19 prospective studies by
Lonardo A. at al. suggest that HT can lead to
differences in NAFLD course and condition the
rapid deterioration of fatty liver patients and
combination of this pathologies could be a
precursor of the metabolic syndrome [11].
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