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170 patients with stage II hypertension were examined. Based on the presence of metabolic dysfunction-associated steatotic
liver disease (confirmed by ultrasound and FibroTest), all examined patients were divided into two clinical groups. The first clinical
group included 109 patients with stage II hypertension and steatotic liver disease, and the second group included 61 patients with
stage II hypertension without liver damage. The control group included 30 practically healthy individuals. In addition to general
clinical and laboratory examinations, all patients underwent determination of serum lipid profile indicators and lipoprotein (a).
Comorbidity of stage II hypertension and metabolic dysfunction-associated steatotic liver disease was accompanied by a significant
(p<0.05) increase in the concentration of total cholesterol, LDL-cholesterol, VLDL cholesterol, triglycerides, atherogenicity index,
and lipoprotein (a) both in comparison with healthy individuals and patients with stage II hypertension without concomitant liver
damage, which may indicate a significantly increased risk of developing atherosclerosis and other cardiovascular diseases in these
patients.
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MOKA3HHUKH JIIIJHOT'O OBMIHY Y XBOPUX HA TINEPTOHIYHY XBOPOBY
II CTAJII B 3AJIEXKHOCTI BIJI HASBHOCTI CYITYTHBOI METABOJITYHO-
ACOIINOBAHOI CTEATOTUYHOI XBOPOBHY INEYIHKH

Ob6ctexeno 170 xBopux 3 rineproHiuHor xBopoGoro II craxii. 3anexHo Bijg HasBHOCTI MeTabONiYHO-acOLiiOBaHOT
CTEATOTHYHOI XBOPOOM IediHKK (MiATBEpAXKEHOI 3a JOIOMOIOI0 YJIBTPa3ByKOBOIO MeTony oOcTekeHHs Ta (ibporecty) Bci
oOcTesxeHi namieHTH OyIi HOIUIeH] Ha Bl KiTiHIuHI rpynu. o nepmroi kiniHigHOI rpynH yBiHio 109 namieHTiB 3 TiHepTOHIYHOIO
xBopob6oro II crazii Ta creatoTHuHOIO XBOPOOOIO MediHKH, 10 Apyroi — 61 mauieHT 3 rineproHiynoro xBopoboro II cranii 6e3
ypaxeHHs TediHkd. Jlo rpynu KOHTpOJo yBiinuio 30 mpakTHYHO 3A0pOBHX 0Ci0. YCiM mariieHTaM, OKpiM 3arajJbHOKITIHIYHUX 1
71a00paTOPHUX METOHIB OOCTEXEHHs, OyJI0 TPOBEIEHO BH3HAYEHHS ITOKA3HWKIB JIINJHOTO CIEKTPY CHPOBaTKM KpOBI Ta
ninomnporeiny (a). Komop6inHicts rineproniunoi xBopoou Il craznii Ta MeTabosiyHO-acoLiHOBaHOT CTEATOTHYHOT XBOPOOH MEUiHKH
CYIpOBOIXKYBasach cyTTeBUM (p<0,05) 3pOCTaHHAM KOHIICHTPAIIIT 3arabHOTrO X0JIeCcTepuHy, xonectepuny B JITTHII Ta JITTJTHIII,
TPUDIIIEPUAIB, IHIEKCY aTepOreHHOCTI Ta TINoNnpoTeiHy (a) SK HOPiBHSHO i3 30pOBUMH 0cO0aMu, TaK i XBOPHMH Ha TiIEPTOHITHY
xBopoOy II cT. 6e3 CymyTHBOTO BpaKCHHS NEHYiHKH, 110 MOXKE CBIAYUTHU HPO CYTTEBO MiJIBUILCHUH PU3HK PO3BUTKY aTepPOCKIEPO3Y
Ta IHIIUX CEPLEBO-CYANHHUX 3aXBOPIOBAaHb y JaHHX IAI[iCHTIB.

KonrouoBi caoBa: aprepianbHa rimepTeHsis, TimepToHiYHAa XBopobOa, MeTaboiidHO-acomifioBaHa CTEaTOTHYHA XBOpoOa
MEYiHKH, HEAJIKOTOIbHA JKUPOBA XBOPOOA NMEUIHKH, JIIMOMPOTEIH (@), M IHUHA CIIEKTP.
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Today, arterial hypertension (AH) is considered for 48 % of total mortality, while the indicator

not only an independent disease, essential associated with liver damage was only 7 % [8].

hypertension (EH), but also a leading risk factor for In clinical practice, it is quite common (almost
the development of other cardiovascular diseases [4, 70 % of cases) to encounter comorbidity of EH and
5, 9]. Accumulated clinical experience provides MASLD [5, 6], which are united not only by
grounds for considering AH as one of the etiological significant prevalence and, therefore, by a high
factors of metabolic disorders, including liver disease probability of combination, but also by common
[1, 3]. According to recent studies, among patients risk factors [9]. Given the lack of a clear clinical
with metabolic dysfunction-associated steatotic liver picture, MASLD is often detected during a “targeted”
disease (MASLD), cardiovascular mortality is ahead examination of patients with increased body weight
of the incidence of hepatocellular carcinoma and and is very rarely diagnosed among patients

other specific liver diseases [6, 10]. Life expectancy without excess body weight and obesity [1, 6].
assessment among patients with MASLD has Today, the hypothesis of the common pathogenetic

established that mortality in this group is the highest, mechanisms of their development is confirmed, and
namely due to cardiovascular disease. It accounted the presence of MASLD is considered a factor that
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can change the prognosis in patients with
hypertension [8]. On the other hand, according to
many researchers, MASLD acts as an independent
risk factor for the progression of cardiovascular
pathology, as it is considered an “additional”
component of the metabolic syndrome [3, 6].

Therefore, in the case of comorbidity of EH
and MASLD, a detailed assessment of lipid
metabolism indicators can provide additional
information to clarify the role of concomitant
MASLD in assessing the overall cardiovascular risk
ofpatients with EH stage II.

The purpose of the study was to evaluate lipid
metabolism indicators in patients with stage II
hypertension depending on the presence of
concomitant metabolic-associated steatotic liver
disease.

Materials and methods. In accordance with the
study objectives, 170 patients with stage I EH who
were undergoing inpatient treatment in the cardiology
department of the Vinnytsia Regional Pirogov
Clinical Hospital from August 2018 to September
2024 were randomly selected and examined. The
study began with screening, careful collection of
complaints and anamnesis, and obtaining written
informed consent from the patient to participate in the
study, in accordance with the ethical norms of the
Declaration of Helsinki and the local bioethics
committee.

Inclusion criteria: patients with a verified
diagnosis of stage II EH: men and women aged 30 to
69 years with and without concomitant MASLD. The
diagnosis of EH was established after a detailed
clinical and instrumental examination in accordance
with the clinical recommendations of the ESH, ESC
(2024) [4, 5]. The diagnosis of MASLD was
established based on anamnesis data, clinical
examination with mandatory consideration of
generally accepted laboratory indicators, and results
of instrumental methods. Viral hepatitis B and C
were excluded by detecting specific antibodies to
virus antigens by ELISA (Roche Diagnostics €601,
Switzerland) using reagent sets “Alere Medical
Determine HBsAg” and “Mikrogen, Immunoblot
HCV IgG, 207, respectively. The size, contour,
acoustic structure, and echogenicity of liver tissue
were assessed using ultrasound (TOSHIBA XARIO
100, Japan). To confirm the diagnosis of MASLD,
patients with stage II EH underwent the
biochemical test “FibroMax” (BioPredictive,
France), which included five diagnostic algorithms:
“FibroTest”, “ActiTest”, “SteatoTest”, “NashTest”,
and “AshTest”. Only 109 patients with concomitant
MASLD participated in the study the
“SteatoTest” index was 0.41 units and was
estimated within S1-S2 (from 6 to 32 % of “fatty”
liver infiltration) without signs of cytolysis
syndrome, fibrosis, or alcoholic liver damage.

Exclusion criteria: The study did not include
patients with stage 1 and III hypertension,
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symptomatic hypertension, concomitant coronary
artery disease, the presence of chronic heart failure
stage II-III (according to M. D. Strazhesko — V.
Kh. Vasylenko), FC III-IV (according to NYHA),
cardiac arrhythmias (ventricular extrasystole of
high gradations, atrial fibrillation), congenital and
acquired heart defects, concomitant liver diseases of
viral, alcoholic, autoimmune, and other etiologies,
kidney diseases with impaired function, diabetes
mellitus, stage III obesity, chronic obstructive
pulmonary disease, respiratory failure and systemic
connective tissue diseases.

170 patients with stage Il EH were examined
(98 (57.6 %) women and 72 (42.4 %) men) aged 35
to 69 years (mean age 49.3+0.5 years). The ratio
of women to men was 1.3:1; in the main clinical
array, female patients significantly predominated
(p<0.02). The control group included 30 people
without any clinically significant verified chronic
diseases of internal organs, without signs of
cardiovascular and hepatobiliary pathology, aged 34
to 66 years (mean age 48.1+2.1 years). The main
clinical array and the control group were matched
by age and sex.

All subjects were divided into 2 groups
depending on the presence of concomitant
MASLD. The 1st group consisted of 109 (64 %)
patients with concomitant MASLD, among whom
there were 39 (35.8 %) men and 70 (64.2 %) women
with a significant (p<0.05) predominance of female
patients; the 2nd group included 61 (36 %) patients
(28 (45.9 %) women and 33 (54.1 %) men) without
signs of concomitant liver damage.

The initial examination of the subjects
included the collection of complaints and anamnesis
data, which included family, professional, and social
anamnesis, the presence of psycho-emotional stress,
bad habits, past and concomitant diseases,
nutritional characteristics (abuse oftable salt, strong
tea or coffee, excessive consumption of animal fats),
and physical activity.

Blood pressure (BP) was measured according
to recommendations using a sphygmomanometer
(Microlife). BP measurements were performed in the
morning between eight and ten o’clock after 15
minutes ofrest. Systolic BP and diastolic BP in a
sitting position were recorded on the same arm
twice, with an interval of 2 minutes ifthe BP values
did not differ by more than 5 mm Hg. If a greater
difference between the obtained values was
detected, a third measurement was performed, and
the average value of two or three consecutive
measurements was calculated.

All subjects underwent general laboratory tests,
which included a complete blood count, a complete
urine test, blood sugar, creatinine, electrolytes, and
additional biochemical tests that allowed for a more
complete assessment of the state of lipid metabolism
(determination of lipid spectrum indicators and serum
lipoprotein (a) (Lp(a)) levels).
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The level of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and triglycerides
(TG) was determined by the spectrophotometric
method using standard reagent sets “Cholesterol-F”,
“Triglycerides-F”, and “HDL-cholesterol”
manufactured by “Filisit-Diagnostics” (Ukraine).
The level of very low-density lipoprotein cholesterol
(VLDL-C) was determined by the formula: TG x
0.45. The level of low-density lipoprotein cholesterol
(LDL-C) was calculated by the formula of W.
Friedwald: LDL-C = LDL-C —HDL-C —(0.45 x TG).
The atherogenic index (IA) was calculated as the
ratio of the amount of cholesterol in proatherogenic
lipoproteins to HDL-C: IA = LDL-C — HDL-C /
HDL-C.

The level of Lp(a) was determined by the
“sandwich” variant of solid-phase ELISA using the
“Human Lp(a) ELISA Kit” reagent sets (Assaypro,
USA) on the STAT FAX 303/PLUS analyzer.

The obtained values of all indicators of
instrumental and laboratory diagnostic methods

were compared with the corresponding results of the
control group.

Statistical analysis of the study results was
performed using variational statistics methods in the
StatSoft  “Statistica” v. 10.0.228.8 program,
according to the recommendations. The results of the
study are presented as quantitative values (median
and interquartile range [25th and 75th percentiles])
and as relative values ( %). The reliability of the
difference % was calculated using the y2 criterion.
To determine the relationship between individual
parameters, a single-factor nonparametric correlation
analysis and the Spearman Rank Order Correlation
method were used.

Results of the study and their discussion.
When examining all patients with stage II EH,
proatherogenic changes in the lipid profile were
observed compared with healthy individuals. The
presence of concomitant MASLD in patients with
stage II EH, in turn, was associated with greater
changes in blood lipid levels (Table 1).

Table 1
Analysis of biochemical parameters in groups of patients with stage II EH,
depending on concomitant MASLD
EH II and
Indicators Control (n=20) EHIT(0=61) | \jASLD (n=109) P1-2 P1-3 P2-3
1 2 3
89.8 105.2 166.2

Lp (a), meg/ml (71.6; 125.4) (87.7; 133.4) (121.2; 218.5) 0.03 <0.0001 | 0.0007
TC, mmol/L 4.6 (4.3;5.0) 5.2(4.6;5.6) 5.6(5.1;6.7) 0.02 <0.0001 | 0.0009
HDL-C, mmol/L 1.19 (1.06; 1.22) 0.98 (0.89; 1.04) 0.99 (0.91; 1.06) <0.0001 <0.0001 ns
TG, mmol/L 1.44 (1.34; 1.56) 1.67 (1.39; 2.02) 2.00 (1.55;2.50) 0.03 <0.0001 0.02
VLDL-C, mmol/L 0.65 (0.60; 0.70) 0.76 (0.63; 0.91) 0.90 (0.70; 1.12) 0.03 <0.0001 0.01
LDL-C, mmol/L 2.8(2.5;3.1) 3.4(2.8;3.8) 3.8(3.3;4.5) 0.05 0.0001 0.01
IA 2.97 (2.69; 3.47) 4.41 (3.61; 5.10) 4.82 (4.20; 5.79) <0.0001 <0.0001 0.04
FibroTest 0(0;0) 0.07 (0.02; 0.12) 0.24 (0.14; 0.28) <0.0001 <0.0001 0.003
ActiTest 0 (0;0) 0.07 (0.02; 0.12) 0.24 (0.16; 0.32) <0.0001 <0.0001 0.003
SteatoTest 0.015 (0.005; 0.04) 0.17 (0.12; 0.22) 0.41 (0.37; 0.56) <0.0001 <0.0001 0.002
NashTest 0 (0; 0) 0.12(0.12;0.13) | 0.21(0.17;0.23) | <0.0001 | <0.0001 | 0.002
AshTest 0 (0; 0) 0.03 (0.00; 0.07) | 0.02(0.01;0.04) | 0.003 0.004 ns

Thus, the level of TC among the examined
patients without additional liver damage was
significantly (p<0.05) higher than in the control
group by 13 %. The course of stage Il EH combined
with MASLD was accompanied by a significant
increase in TC levels, by 22 % compared to the
control (p<0.05) and by 7.6 % compared to patients
with stage II EH without signs of MAFLD (p<0.05)
(Fig. 1).

A significant (p<0.05) increase in the average
serum TG concentration was found among all
subjects compared with healthy individuals. The
presence of MASLD in patients with stage II EH
was associated with a significant (p<0.05) 39 %
increase in TG compared with the control value and a
20 % increase (p<0.05) compared with the similar
indicator in patients with stage II EH without
MASLD.

In patients with stage I EH, LDL and VLDL
cholesterol levels were significantly higher (p<0.05)
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than in controls. Comorbidity of stage II EH and
MASLD was accompanied by a significant (p<0.05)
increase in LDL and VLDL cholesterol
concentrations both in comparison with healthy
individuals and patients with stage II EH without
concomitant liver damage (LDL — by 35.7 % and
11.8 %, respectively (p<0.05), VLDL — by 38.5 %
and 18.4 %, respectively (p<0.05)).

The level of HDL cholesterol among all
patients included in the study was significantly
(p<0.05) lower than in the control group: in the
group of patients with stage II EH without
concomitant liver damage — 18%, and in the
combination of stage II EH with MASLD — by
17 % (without a significant difference depending on
the presence of MASLD, p>0.05).

Among patients with comorbidity of stage II EH
and MASLD, the highest value of A was recorded —
4.82 (4.20; 5.79), which significantly (p<0.05)
differed from the similar indicator among healthy
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individuals (2.97 (2.69; 3.47) and from patients with
isolated stage II (4.41 (3.61; 5.10)).

It is especially necessary to highlight the
existing reliable direct correlation between IA and
the “SteatoTest” indicator (rs=0.33, p<0.05), which
indicates the associative relationships between the
development of MASLD and proatherogenic changes
in blood lipids.

Among the examined patients with stage II EH,
the level of Lp(a) (Fig. 2) significantly (p<0.05)

@ Control

SEEHII

mEH II with
— MASLD

TC TG LDL-C

VLDL-C HDL-C

Fig. 1. Indicators of the lipid spectrum of blood serum in
patients with stage II EH, depending on the presence of MASLD.
Notes (here and hereafter): * —significance ofthe difference compared
to the control (p<0.05); # —significance of the difference between
groups without/with MASLD (p<0.05).

The increase in IA was also associated with
pathological changes in the lipid transport system
((significant (p<0.05) direct correlations were noted
between the IA index and the level of Lp(a),
(rs=0.23)). The obtained data confirm the hypothesis
of the commonality of certain pathogenetic
mechanisms underlying the development of AH and
MASLD, which lead to pronounced metabolic shifts
and increase overall cardiovascular risk [2, 7, 8].

The increase in IA was also associated with
pathological changes in the lipid transport system
(significant (p<0.05) direct correlations were noted
between the IA index and the level of Lp(a),
(rs=0.23). The obtained data confirm the hypothesis
of the commonality of certain pathogenetic
mechanisms underlying the development of AH and
MASLD, which lead to pronounced metabolic shifts
and increase overall cardiovascular risk [2, 7— 9].

Comorbid course of stage Il EH and MASLD is
characterized by profound destabilization of lipid
metabolism, which has a multifactorial nature. Our
results confirm the complex and ambiguous role of
Lp(a) in the pathogenesis of cardiometabolic
disorders. Although today the role of Lp(a) in the
development of atherosclerosis, hypertension and
MASLD remains a subject of discussion in the
scientific community [10, 11, 12], our study recorded
direct reliable correlations between the level of Lp(a)
and key indicators of the lipid spectrum. In particular,
positive correlations were found with the level of
total cholesterol, triglycerides, as well as cholesterol
in VLDL and LDL (rs from 0.21 to 0.32, p<0.05). The
most significant was the relationship with the
atherogenic index (Al) (r=0.23), which emphasizes
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increased compared to the control: by 13.8 % in the
group without concomitant MASLD and by 85.7 %
in the comorbid course of stage Il EH and MASLD.
A significant (p<0.05) difference in the level of
Lp(a) was recorded in the groups of patients with
stage Il EH depending on the presence of
concomitant MASLD: in the presence of “fatty
infiltration” of the liver, the level of Lp(a) was 58 %
higher compared to that among patients without
signs of liver damage (p=0.0001).

@ Control

BEHII

mEH II with MASLD

mog/ml

200

150
100 +~

50

Lp (@@
Fig. 2. Serum Lp(a) concentration indicators in patients
with stage II EH depending on the presence of MASLD.

the potential role of Lp(a) as a marker of high
atherogenic risk. Analysis of the literature data
demonstrates contradictory conclusions regarding
the relationship between Lp(a) and MASLD. Some
authors point to a paradoxical inverse correlation,
where lower levels of Lp(a) are associated with more
severe liver fibrosis. However, our data on the direct
relationship of Lp(a) with atherogenic lipids in
patients with fatty hepatosis indicate that in a certain
cohort of patients Lp(a) may act as an additional
independent cardiovascular risk factor, independent
of the degree of steatosis, which coincides with the
opinion of some researchers [12, 13]. Changes in the
lipid profile in the combination of EH and MASLD
indicate that the liver loses the ability to adequately
regulate lipoprotein metabolism, which, against the
background of arterial hypertension, creates the
prerequisites for accelerated damage to target organs.
An increase in the level of Lp(a) by 58 % (p=0.0001)
in patients with a combination of EH and MASLD
compared with patients without liver damage also
indicates a pronounced increase in vascular risk in
this category of patients, since this indicator itself is
an independent factor in the development of
atherosclerosis and systemic inflammation.

An important aspect is that Lp(a) is a
genetically determined factor, the level of which
practically does not change under the influence of
standard diet therapy, taking statins or other currently
known drugs [7]. This makes its assessment critically
important for a personalized approach to determining
cardiovascular risk. Inclusion of Lp(a) determination
in the comprehensive diagnosis of patients with
MASLD allows identifying individuals who require
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more active attention and actions to prevent vascular Limitations. The limitations of the study
catastrophes. include the lack of the possibility of verifying

Thus, a significantly higher level of Lp(a) in the MASLD using a liver biopsy, given the invasiveness
comorbidity of EH and MASLD reflects the of this method and the lack of absolute indications in

aggressiveness of the atherogenic process, increased patients with the initial stage of MASLD (steatosis).
cardiovascular risk and requires the implementation Another limitation was the lack of long-term
of more intensive strategies for correcting the dynamic observation of patients, which reduces the
condition. This emphasizes the need for ability to assess the impact of genetically determined
comprehensive monitoring of lipid metabolism for elevated Lp(a) levels on the incidence of
timely prevention of cardiovascular complications in cardiovascular events in the long term in patients
this category of patients. with comorbidity of hypertension and MASLD.
Conclusions

1. It was established that the comorbidity of EH and MASLD is accompanied not only by an increase in
proatherogenic shifts in the lipid spectrum, but also by a specific restructuring of the blood lipid transport system.
The key feature of this course is a statistically significant increase in the concentration of lipoprotein (a) by 58 %
compared with patients with isolated stage II EH (p=0.0001).

2. A significant increase in Lp(a) levels in patients with a combination of EH and MASLD indicates a
pronounced increase in cardiovascular risk in this category of patients.

3. Determination of Lp(a) levels in EH comorbid with MASLD has significant prognostic value for
assessing cumulative metabolic risk.

Prospects for further research. Further studies of changes in the metabolic profile in patients with comorbid conditions
with hypertension will allow stratifying cardiovascular risk and improving the prognosis of the disease.
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