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ASSOCIATION OF PLASMA TRANSFORMING GROWTH FACTOR-
B1 LEVELS IN STAGE Il HYPERTENSION PATIENTS WITH
INDICATORS OF INSTRUMENTAL RESEARCH METHODS

Abstract. The aim of the study was to determine the associations between the
plasma level of transforming growth factor-B1 (TGF-B1) in patients with stage II
hypertension and parameters obtained by instrumental diagnostic methods. A total of
120 patients with stage Il hypertension, with and/or without concomitant chronic
coronary artery disease and frequent ventricular premature beats, were examined. All
participants underwent echocardiography, and cardiac rhythm disturbances were
assessed using Holter electrocardiographic monitoring. Chronic coronary artery
disease was diagnosed using stress testing and/or coronary ventriculography. Four
patient groups were distinguished: Group 1 (n = 30) — stage Il hypertension without
concomitant chronic coronary artery disease or frequent ventricular premature beats;
Group 2 (n = 30) — stage Il hypertension with concomitant frequent ventricular
premature beats; Group 3 (n = 30) — stage Il hypertension with concomitant chronic
coronary artery disease; Group 4 (n = 30) — stage Il hypertension with concomitant
chronic coronary artery disease and frequent ventricular premature beats. The serum
TGF-B1 level was measured by enzyme-linked immunosorbent assay using the
commercial Human TGF-B1 (Transforming Growth Factor Beta 1) ELISA Kit
(Elabscience Biotechnology Inc., USA). The median value (222 pg/mL) was used to
define groups with relatively low (<222 pg/mL) and relatively high (>222 pg/mL)
marker levels. The results were analyzed using methods of variation statistics with
Microsoft Excel (2019) and Statistica 12.0 (StatSoft, USA). It was found that a high
plasma TGF-B1 level was associated with an increased mean nocturnal heart rate and
a decreased circadian index, a significant increase in the number of cases and the daily
count of recorded supraventricular premature beats, an increase in the number of cases
and the daily and hourly counts of frequent ventricular premature beats, an increased
number of cases of polytopic ventricular premature beats, and episodes of non-
sustained ventricular tachycardia according to Holter monitoring. A marker level >222
pg/mL was associated with a higher prevalence of concomitant chronic coronary artery
disease and obstructive chronic coronary artery disease, as well as a trend toward more
severe coronary artery lesions based on coronary ventriculography. It was also
demonstrated that a TGF-B1 level >222 pg/mL was associated with a reduced relative
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wall thickness of the left ventricle, a significant decrease in the frequency of concentric
left ventricular hypertrophy and an increase in eccentric left ventricular hypertrophy,
as well as an increased frequency of instrumentally detected aortic valve calcification
on echocardiography.

Keywords: transforming growth factor-p1, hypertension, echocardiography,
chronic coronary disease, ventricular premature beats, cardiac remodelling
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ACOIIAIIA BMICTY TPAHCOOPMYIOUOI'O PAKTOPY POCTY-
B1 B IIVIASMI Y ITAIHICEHTIB I3 I'ITIEPTOHIYHOIO XBOPOBOIO 11
CTAJII 3 HOKASHUKAMU IHCTPYMEHTAJIBHUX METO/IIB
JOCJIIZKEHHA

AHoTtanisi. Meroro po6oTu OyJi0 BH3HAYUTH acolliamii BMICTY TpaHcdOop-
Myr04oro (akropy pocty-f1B miaa3Mi y Maii€HTIB 13 TiMEPTOHIYHOIO XxBopoboro I
cTanii 13 MOKa3HUKaMHU 1HCTPYMEHTAJbHUX METOJIB AociimkeHHs. Obcrexeno 120
NaIi€eHTIB 13 TinepToHiuHOK XBopoOoro Il cramii 3 Ta/6e3 cymyTHIX XpOHIYHOI
KOPOHApHOI XBOPOOM Ta YacTOK HUIYHOYKOBOIO €KCTpacucTojiiero. OOCTeKeHUM
MpoBeJieHa exokapjiorpadis Ta BHU3HAYEHO TMOPYIICHHS pPUTMY cepusd 3
BUKOPUCTAHHAM XOJTEPIBCHKOTO MOHITOPYBAaHHS €JEKTPOKapAiorpaMu. XPOHIUYHY
KOpPOHApHY XBOpPOOy BH3HAYEHO 3a JOTMIOMOTOIO0 CTPEC-TECTIB 1/a00 KOPOHAPOBEHTPU-
kynorpadii. Bunineno 4 rpynu nauientiB: 1 rpyma, n=30 — i3 TrinepTOHIYHOIO
xBopobOoto Il cramii 0e3 CymyTHIX XpOHIYHOI KOPOHAapHOi XBOpPOOM Ta YacrToi
[UTYHOYKOBOieKCpacucToli; 2 rpyna, n=30 — Naii€eHTy 13 rinepToHigyHo0 xopoooroll
cTajli Ta CyNyTHBOIO YacTOIO0 IIJIYHOUYKOBOIO €KCTpacucToiieto; 3 rpyma, n=30 —
Mali€HTd 13 TINepTOHIYHOK XBopoOow Il cramii Ta CynmyTHROIO XPOHIYHOIO
KOpPOHApHOIO XBOpo0Oo10; 4 rpyna, n=30 — marieHTy i3 TIIepTOHIYHOK XBOopoboro 11
CTajil Ta CYNmyTHIMU XPOHIYHOIO KOPOHAPHOIO XBOPOOOIO Ta YaCTOK NMITYHOYKOBOIO
ekcTpacucTosiero. Bwict Tpanchopmyrouoro ¢akropy pocty-fl B cuposarii
KpOBIBU3HAYaIM IMYHO(PEPMEHTHHUM METOJIOM 3 BHUKOPUCTAHHSAM KOMEPIIIHOTO
Habopy «HumanTGF-B1 (Transforming Growth Factor Beta 1) ELISAKit»
(«Elabscience Biotechnology Inc.», CIIIA). Meniany noka3Huka (222 mr/m)
BUKOPHUCTAHO JUISl BUJUICHHS TPy 3 BAHOCHO ManmuM (<222 nr/mi) i BiJIHOCHO
BEJIMKKUM BMIiCTOM Mapkepy (>222 nir/mit). OIIHKY OTpUMaHHUX PE3yJIbTaTiB 3p00JIeHO
32 JIONOMOTOK0 METOAIB BaplalliifHOI CTAaTUCTUKU 3 BUKOPUCTAHHSIM IPOrPAMHU
Microsoft Excel (2019) i Statistica 12.0 (Statsoft, USA). BusnaueHo, 1110 BUCOKHIA
BMICT Tpancopmytodoro ¢daktopy pocty-fl y mimasmi acoimiiioBaHuiii3 3pOCTaHHIM
BEJIMUYMUHU CEPEIHBO-HIYHOI YaCTOTH CEPLIEBUX CKOPOYEHb 1 3MEHIICHHIM BEIUMYMHU
[IUPKATHOTO 1HJEKCY, 13 3HAYHUM 3POCTAaHHSAM BHUIAJKIB 1 JOOOBOIO KUIBKICTIO
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3apeECTPOBAHOI HAIIUTYHOYKOBOI €KCTPACUCTOJIIi, 3pOCTaHHSIM BHIAIKIB, TOOOBOI 1
TOJMHHOI KUIBKOCTI 4YacTOl IUTyHOYKOBOI €KCPACHUCTOJIIi, 30UIBLICHHSIM BHUIAIKIB
MOJIITPOITHOT IITYHOYKOBOI €KCTPAcHCOMil Ta €Mi30/[iB HECTIHKOI ILTyHOYKOBOT
Taxikap/ii 3a JaHUMH XOJTEPIBCHKOIO MOHITOpYBaHHs Kapaiorpamu. BcraHoBieHo,
0 piBeHb Mapkepy >222 mr/mi acoIiiioBaHMWM 31 3pOCTaHHSIM YacTOTH BH3HAYEHOI
CYMyTHBOI XpPOHIYHOI KOPOHAPHOT XBOPOOH, Ta OOCTPYKTUBHOI XpOHIYHOT KOPOHAPHOT
XBOPOOM, a TAKOXK TEHJICHIIIEIO J0 OUTBII TSHDKKUX YpakKeHb KOPOHAPHUX apTepid 3a
JaHUMHU KOpoHapoBeHTpukysorpadii. Josegeno, mo piBenb TOP-f1 >222 nr/mn
acoI[IOBaHUM 31 3MEHIIEHHAM BEJIWYMHUA BIJHOCHOI TOBIIMHUA CTIHKH J1BOTO
IUTYHOUYKa, 3HAYHUM 3MEHIIEHHSM BHUMAJKIB KOHILEHTPUYHOI TinmepTpodii JiBoro
IUTYHOYKA 1 30UIBIIEHHSAM EKCUEHTPUYHOI rinepTpodii JiBOro MUTyHOUYKA, a TaKOX
30UTBLIEHHSIM BUIIAJKIB 3 IHCTPYMEHTAIBHO BU3HAYEHUM KaJIbLIMHO30M a0pTaIbHOrO
KJIanaHy 3a JaHUMH eXokapaiorpadii.

Kuarwouosi cioBa: tpanchopmyrounii ¢aktop pocty-f1, rinepToHiuHa XBopooa,
exokapjiorpadis, XpoHIYHa KOpOHapHa XBOpo0Oa, MUIYHOYKOBA EKCTPACHUCTOII,
pPEMOJICITIOBAaHHS Cepls

Statement of the problem. Myocardial fibrosis develops in many cardiovascular
diseases and is associated with an increased risk of ventricular tachycardia (VT) and
ventricular fibrillation. Transforming growth factor-p1 (TGF-B1) has been shown to
promote myocardial fibrosis [1].

TGF-B1 mediates angiotensin II-induced cardiac hypertrophy [2]; therefore,
TGF-B1 is closely linked to the pathogenesis of hypertensive target-organ damage [3].

There are many conflicting views regarding the role of TGF-B1 in the
development of proarrhythmogenic effects in cardiovascular diseases. This study aims
to determine whether the plasma level of TGF-B1 is associated with changes in
instrumental parameters in individuals with stage Il hypertension and concomitant
chronic coronary artery disease (CCAD) and frequent ventricular premature beats
(VPBs).

The aim of the study is to determine the associations of plasmatransforming
growth factor-pBllevels in patients with stage Il hypertension with indicators of
instrumental research methods.

Researchobjectsandmethods.A total of 120 patients with stage Il hypertension
(HTN) [4, 5], with and/or without concomitant chronic coronary artery disease
(CCAD) and frequent ventricular premature beats (VPBs), were examined. The mean
age of the participants was 57.320.9 years. All patients underwent echocardiography
(EchoCG), and cardiac rhythm disturbances were assessed using Holter electrocardiographic
monitoring [6]. CCAD was diagnosed using stress testing and/or coronary
ventriculography (CVG) [7, 8]. Four patient groups were identified: Group 1 (n=30) —
stage Il HTN without concomitant CCAD or frequent VPBs; Group 2 (n=30) — stage
I HTN with concomitant frequent VPBs; Group 3 (n=30) — stage Il HTN with
concomitant CCAD; Group 4 (n=30) - stage Il HTN with concomitant CCAD and
frequent VPBs.
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Serum TGF-B1 levels were measured by enzyme-linked immunosorbent assay
using the commercial Human TGF-B1 (Transforming Growth Factor Beta 1) ELISA
Kit (Elabscience Biotechnology Inc., USA) in accordance with the manufacturer’s
Instructions. The obtained results were evaluated using methods of variation statistics
with Microsoft Excel (2019) and Statistica 12.0 (StatSoft, USA).

Presentation of the main material.

Research results and their discussion.

Using methods of variation statistics, it was determined that the plasma TGF-§1
level in the patient cohort (n=120) ranged from 70.6 to 489.0 pg/mL (mean value,
238.31£97.2 pg/mL). The results are presented as the median (222.0 pg/mL) and the
interquartile rangethe 25th and 75th percentiles (165.5 and 303.0 pg/mL). Comparisons
were performed using nonparametric statistical methods. The median value was used
to define groups with a relatively low (<222 pg/mL) and a relatively high (>222 pg/mL)
TGF-B1 level in the overall patient cohort (hereafter, the low-level and high-level
groups, respectively).

Figure 1 shows that a high plasma TGF-B1 level, compared with a low marker
level, was associated with a higher prevalence of verified concomitant CCAD (69.5%
vs 31.1%, p<0.0001), and vice versa.
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Fig. 1. Frequency of chronic coronary artery disease in patients with hypertension
depending on plasma transforming growth factor-p1 levels (in %).

Notes (here and after): 1.RLL - relatively low and RHL - relatively high plasma
transforming growth factor-p1 content, respectively.

2. Statistical difference between groups calculated using the y? test for
independent samples.

Figure 2 shows that a high plasma TGF-B1 level, compared with a low marker
level, is associated with the frequency of obstructive chronic coronary artery disease
as determined by coronary ventriculography (CVG).
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Fig. 2.Frequency of registration of cases of obstructive chronic coronary artery
disease in patients with hypertension depending on the content of transforming growth
factor-B1 in plasma (in %).

As shown in Figure 2, the group with a high plasma TGF-B1 level exhibited a
significantly higher frequency of obstructive CCAD compared with the low-level
group (61.0% vs 19.7%, p<0.0001).

When analyzing the frequency of single-, double-, and multivessel coronary artery
(CA) lesions according to the plasma TGF-B1 level (Figure 3), no differences were
found (p>0.50) in the pattern of anatomic CA involvement between patients with low
and high biomarker levels.
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Fig. 3. Frequency of registration of single-, double- and multi-vessel coronary
lesions depending on the content of transforming growth factor-p1 in plasma (in %).
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The data in Table 1 show that a high plasma TGF-B1 level (>222 pg/mL) was
accompanied by a significant increase in mean nocturnal heart rate (70 vs 67 beats/min,
p=0.009) and a decrease in the circadian index (CI) (1.11 vs 1.26 arbitrary units,
p=0.0004). The decrease in Cl may be explained by an insufficient reduction in heart
rate during the nighttime period against the background of increased sympathoadrenal

activity in patients.

Tablel

Holter test findings of the general patient population againstplasma TGF-
p1 concentration (pg/ml)

Holterindicators RLL((SnZZZglg’g/mI) RHL((ZZZ%%';g/mI) P
CR diurnal, beats/minute 73 (67; 81) 74 (67; 83) 0,57
CR daytime, beats/minute 81 (72; 93) 81 (72;92) 0,66
CR nighttime, beats/minute 67 (61; 72) 70 (65; 77) 0,009
Cl 1,26 (1,11;1,43) 1,11 (1,07; 1,25) 0,0004
SVPBs, incidence (%) 36 (59,0 %) 54 (91,5 %) <0,0001
SVPBs, number/day 501 (92; 1147) 880 (302; 1879) 0,04
Freduent Ef,/f) 23 (37,7 %) 37 (62,7 %) 0,006
1568 2692
VPBs, number/day (1097; 3456) (1663; 3592) 0,03
VPBs, number/hour 65 (45; 144) 112 (69; 149) 0,03
Polytopic VPBs, incidence (%) 8 (13,1 %) 21 (35,6 %) 0,004
Paired VPBs, incidence (%) 6 (9,8 %) 7 (11,9 %) 0,72
Paired VPBs, number/day 2(1;2) 3(2;4) 0,28
VT, incidence (%) 0 (0) 4 (6,8 %) 0,04
VT, number/day 0 1(1;1) 1,00
Maximum duration of VT, s 45 (4,0;5,5)

Notes: 1. RLL - relatively low and RHL — relatively high plasma galectln -3
content, respectively, CR giymal, CR daytime aNd CR nighime — average daily, daytime and
nighttime heart rate; Cl — circadian index; SVPBs — supraventricular premature beats;
VPB:s - ventricular premature beats; VT — ventricular tachycardia.

2. The intergroup reliability of the results by quantitative values was calculated
using the t-test, by relative values (%) - using the %2 criterionfor independent samples.

A high plasma TGF-B1 level was associated with a significant increase in

ventricular arrhythmogenic myocardial activity compared with a low marker level
(<222 pg/mL). This was reflected by a higher prevalence of supraventricular premature
beats (SVPBs) (91.5% vs 59.0%, p<0.0001) and a higher daily SVPBs count (880 vs
501 episodes/day, p=0.04), a higher prevalence of frequent ventricular premature beats
(VPBs) (62.7% vs 37.7%, p=0.006) and higher daily and hourly VPBs counts (2692 vs
1568 episodes/day and 112 vs 65 episodes/hour, respectively, p=0.03), an increased
prevalence of polytopic VPBs (35.6% vs 13.1%, p=0.004), and episodes of non-
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sustained VT (6.8% vs 0, p=0.04). These data indicate a substantial impact of a high
plasma TGF-B1 level on the development of electrical instability in both atrial and
ventricular myocardium.

Table 2 presents an analysis of echocardiographic changes according to the
plasma TGF-B1 level. No differences were demonstrated for almost all analyzed
parameters, except for relative wall thickness (RWT) of the left ventricle (LV), which
was lower in patients with a high marker level compared with those with a low level
(0.44 vs 0.46 arbitrary units, p=0.04). This finding suggests a certain influence of
plasma TGF-B1 on the pattern of LV structural geometry.

Table2
Echocardiographic parameters in patients with hypertension depending on
plasma transforming growth factor-g1 content (in pg/ml)

RLL RHL
Echocardiography indicators (<=222,0pg/ml) (>222,0pg/ml) P
(n=60) (n=60)
LVEDD, mm 50 (48; 51) 52 (48; 54) 0,11
LVESD, mm 34 (33; 37) 33 (32; 37) 0,12
LVEDV, ml 120 (108; 131) 129 (107; 140) 0,19
LVESV, ml 47 (44; 58) 50 (44; 58) 0,64
SV, ml 77 (63; 83) 77 (70; 85) 0,09
LA AP, mm 40 (37; 42) 40 (38; 42) 0,33
LA AP /LVEDD 0,77 (0,75; 0,81) 0,76 (0,72; 0,80) 0,65
PWTd, mm 12,0 (11,0; 12,0) 12,0 (11,0; 12,0) 0,98
IVSTd, mm 12,0 (12,0; 12,5) 12,0 (12,0; 13,0) 0,51
LVMI, g/m? 118 (116; 137) 118 (115; 129) 0,42
RWT, conditionalunits 0,46 (0,44; 0,50) 0,44 (0,42; 0,46) 0,04
A0, mm 34 (32; 36) 33 (31; 36) 0,42
Ao /LA AP 0,85 (0,77, 0,97) 0,82 (0,76, 0,88) 0,17
RV AP, mm 26 (26; 27) 26 (25; 27) 0,56
RV AP /LVEDD 0,50 (0,48; 0,55) 0,49 (0,47; 0,54) 0,14
LVEF, % 60 (57; 64) 59 (57; 64) 0,28
E/A 0,90 (0,74, 1,20) 0,83 (0,75; 0,95) 0,11

Notes: 1. RLL and RHL — relatively low and relatively high transforming growth
factor-B1levels in plasma, LVEDD and LVESD - left ventricular end-diastolic and
end-systolic diameters; LVEDV and LVESV - left ventricular end-diastolic and end-
systolic volumes of the left ventricle, respectively; SV - stroke volume; LA AP
diameter — anteroposteriordiameter of the left atrium; PWTd — posterior wall thickness
of the left ventricle in diastole; IVSTd — interventricular septal thickness in diastole;
LVMI - left ventricular mass index; RWT - relative wall thickness of the left ventricle;
Ao diameter — aortic root diameter; RV AP diameter — anteroposterior diameter of the
right ventricle; global LVEF (Simpson’s method) — global left ventricular ejection
fraction calculated by the biplane Simpson’s method; E/A ratio — ratio of early (E) to
late (A) transmitral flow velocity of the anterior mitral leaflet.
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2. Intergroup significance of the results between quantitative variables was
calculated using the H. B. Mann — D. R. Whitney U test.

Figure 4 shows the characteristics of left ventricular (LV) structural-geometric
remodeling according to the Ganau classification in patients with different plasma
TGF-B1 levels. In the high-level group, compared with the low-level group, a
significant decrease in concentric LV hypertrophy (LVVH) and a corresponding increase
in eccentric LVVH were observed (74.6% and 25.4% vs 90.2% and 9.8%, p=0.02).

In children with primary hypertension, the plasma TGF-B1 level was positively
correlated with the presence of LVH [9].

In addition, patients with a high plasma TGF-B1 level, compared with those with
a low level, had a significantly higher proportion of cases with echocardiography-
detected aortic valve (AV) calcification (23.7% vs 4.9%, p=0.003), with no significant
difference in the frequency of mitral valve calcification (Figure 5).

RLL (== 2220 pg/ml) (n=61) RHL (> 222,0 3g/ml) (n=59)

0.8 254 _

B Concentric LVH ™ Eccentric LVH

Fig. 4. Frequency of registration of different types of structural and geometric
remodeling of the left ventricle depending on the content of transforming growth
factor-p1 in plasma (in %).

Notes: 1. LVH — left ventricular hypertrophy, RLL and RHL — relatively low and
relatively high transforming growth factor-1 levels in plasma.

2. The intergroup reliability of the difference % was calculated using the y?
criterion for independent samples: p=0.23.
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Fig. 5. Frequency of registration of aortic and mitral valve calcification
depending on the plasma transforming growth factor-p1 content (in %o).

Notes: 1. AV — aortic valve; MV — mitral valve, RLL and RHL - relatively low
and relatively high transforming growth factor-p1 levels in plasma.

2. Significant intergroup difference % calculated by the %2 criterion for
Independent samples is indicated.

In the study by Rakoczy B. et al. [10], a significant association was found between
TGF-B1 levels and left ventricular (LV) diastolic dysfunction, as well as with
arrhythmia risk in post-myocardial infarction patients.

It was determined that a high plasma TGF-B1 level (>222 pg/mL) was associated
with an increased mean nocturnal heart rate and a decreased circadian index, as well as
with a significant increase in the proportion of cases with recorded supraventricular
premature beats (SVPBSs) and in the daily SVPB count, an increased proportion of cases
with frequent ventricular premature beats (VPBS), higher daily and hourly VPB counts,
a higher proportion of polytopic VPBs, and episodes of non-sustained ventricular
tachycardia according to Holter electrocardiographic monitoring.

It was established that a TGF-B1 level >222 pg/mL was associated with a higher
prevalence of concomitant chronic coronary artery disease (CCAD) and obstructive
CCAD, as well as a trend toward more severe coronary artery lesions based on coronary
ventriculography (CVG).

It was demonstrated that a TGF-B1 level >222 pg/mL was associated with a
reduced relative wall thickness, a significant decrease in the frequency of concentric
LV hypertrophy and a corresponding increase in eccentric LV hypertrophy, as well as
an increased frequency of instrumentally detected aortic valve calcification on
echocardiography.
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Conclusions. A high plasma TGF-B1 level (>222 pg/mL) in patients with stage II
hypertension was associated with less favorable 24-hour heart rate profile parameters
and increased arrhythmogenic activity, including more frequent detection of
supraventricular and ventricular premature beats, polytopic VPBs, and episodes of non-
sustained ventricular tachycardia on Holter monitoring.

Elevated TGF-B1 was also related to a higher prevalence of concomitant and
obstructive chronic coronary artery disease and a trend toward more severe coronary
artery lesions based on coronary ventriculography.

At the level of cardiac structural changes, a TGF-1 level >222 pg/mL was
associated with reduced left ventricular relative wall thickness, a shift in remodeling
toward eccentric left ventricular hypertrophy, and more frequent echocardiographic
verification of aortic valve calcification, which may be relevant for risk stratification
in this patient population.
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