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CLINICAL PORTRAIT OF PATIENTS WITH STAGE 1l
HYPERTENSION AT DIFFERENT LEVELS OF TRANSFORMING
GROWTH FACTOR g1 IN BLOOD PLASMA

Abstract. The aim of the study was to determine the clinical portrait of patients
with stage II hypertension at different levels of transforming growth factor p1 (TGF-
B1) in blood plasma. Echocardiography, Holter electrocardiographic monitoring, stress
tests and/or coronary ventriculography were performed in 120 patients (mean age
57.3+0.9 years) to verify the diagnosis of stage II hypertension and concomitant
chronic coronary heart disease (CCHD) and frequent ventricular extrasystole (VE). We
allocated 4 groups of patients (30 persons in each): Group 1 — stage Il hypertension
without concomitant CCHD and frequent VE; Group 2 — stage Il hypertension with
concomitant frequent VE; Group 3 — stage Il hypertension with concomitant CCHD;
Group 4 — stage Il hypertension with concomitant CCHD and frequent VE. Using an
enzyme-linked immunosorbent assay with the “Human TGF-B1 (Transforming Growth
Factor Beta 1) ELISA Kit” (Elabscience Biotechnology Inc., USA), the concentration
of TGF-B1 in blood serum was determined according to the manufacturer’s
instructions. Microsoft Excel (2019) and Statistica 12.0 (Statsoft, USA) were then used
for statistical processing of the obtained results. By the method of variation statistics,
the mean plasma concentration of TGF-f1 in the examined patients (n=120) was
9238.3£97.2 pg/mL. The median value was 222.0 pg/mL, and the interquartile range
(25th and 75th percentiles) was 165.5 and 303.0 pg/mL, respectively. Taking the
median into account, we distinguished groups of patients with a relatively low level
(<222 pg/mL) and a relatively high level (>222 pg/mL) of TGF-B1. It was determined
that in 50% of the examined patients the plasma TGF-f1 concentration was 165.5—
303.0 pg/mL, in 25% it was below 165.5 pg/mL, and in the remaining 25% it was above
303.0 pg/mL. Moreover, an increase in its concentration was observed from Group 1
to Group 4. Clinical portraits of patients with stage Il hypertension and different plasma
TGF-B1 levels were determined using discriminant analysis (“Discriminant analysis”).
The baseline parameter for the analysis was the mediator level expressed in points,
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where 1 point indicated a relatively low level and 2 points indicated a relatively high
level of the hormone for the studied population of patients with stage Il hypertension.
Before performing discriminant analysis, a preliminary “filtering” of clinical and
instrumental indicators (n=76) was carried out using Spearman rank correlation to
determine their associations with the plasma hormone level. Indicators that showed a
statistically significant (p<0.05) rank correlation with the plasma hormone
concentration were included in the subsequent discriminant analysis. It was found that
in patients with stage Il hypertension and plasma TGF-f1 >222 pg/mL the following
clinical portraits should be expected: 1) the presence of concomitant obesity; 2) the
presence of concomitant obesity and angina pectoris without/with frequent VE. In this
case, for functional class Il angina the minimum number of VE episodes per day is
5000, whereas for functional class Il it is 2500 VE episodes per day; 3) the presence
of concomitant frequent VE >10,000 VE episodes per day.

Keywords: transforming growth factor-p1, hypertension, chronic coronary
disease, ventricular premature beats, discriminant analysis
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KJITHIYHAM IHOPTPET NALIEHTIB I3 'NEPTOHIYHOIO
XBOPOBOIO IT CTAAII ITPHU PI3BHUX PIBHAX TPAHC®OPMYIOYOI'O
DOAKTOPY POCTY-B1 B IIVIA3MI KPOBI

AHoTaniss. Metoro po60oTH Oyj0 BU3HAYUTH KITHIYHUNA MOPTPET MAIEHTIB 13
rinepToHiyHO0 XBOopoOoto Il craaii mpu pi3HUX PIBHAX TpaHCHOPMYHOUYOTO (aKTopy
pocty-B1 B mutazmi kposi. 120 namientam (cepenHiii Bik - 57,3+0,9 pokiB) mpoBeaeHO
exokappaiorpadito, XOJTEPIBCHKOTO MOHITOPYBAaHHS e€JEKTpOKapiorpaMu, CTpec-
TecTr 1/a00 KOPOHAPOBEHTPUKYIIOTpadiro 3 METOI0 BepHdiKaIlii JiarHo3y TinepToHIY-
Ho1 xBopoOu II cTazii Ta cymyTHIX XpoHiuHOi KOpoHapHOi XxBopoou (XKX) Ta yactoi
nuryHO4KoBOi ekctpacuctodii (ILE). Mu Buninumm 4 rpynu mamieHTiB mo 30 4010BiK
y koxHiit: 1 rpyna — 13 I'X II crazii 6e3 cynytaix XKX Ta vactoi IIE; 2 rpyna —
namienty 13 I'X 11 craaii ta cynytaporo vacroro IIE; 3 rpyna — namientu 13 I'X 11
ctanii Ta cynmyTHbor0 XKX; 4 rpyna — nauientu 13 I'X Il cranii ta cynmytaimu XKX ta
gactoro IIIE. 3a nomoMororw iMmyHOGEPMEHTHOTO METOY 13 BUKOPUCTAHHAM HAO0Opy
«Human TGF-B1 (Transforming Growth Factor Beta 1) ELISA Kit» («Elabscience
Biotechnology Inc.», CIIIA) Bu3nauyanu konuentpaiito TGF-B1 B cupoBaTiil KpoBi 3a
1HCTpyKIiero pipMu-BupooOHuka. [TotiM BukopucToByBanu nporpamu Microsoft Excel
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(2019) 1 Statistica 12.0 (Statsoft, USA) nns cratuctranoi 0OpoOKH pe3ynbTaTiB, sKi
oTpuMaid. 3 BUKOPUCTAHHSIM METOJIy BapialiifHOl CTATUCTUKH BHU3HAYEHO CEPEHIO
koHneHTpanio TOP-B1 (9238,3+97,2 nr/mi) y miaa3mi KpoBi B 00CTEKEHUX MAIlIEHTIB
(n=120). Meniana nmoka3Huka cranoBuiaa 222,0 nr/mit, iIHTepKBapTIIIBHHIHN po3max (25-
i 1 75-1 mepcaraTmin) - 165,5 1 303,0 nr/mn BiamoBimHO. BpaxoByroun MOKa3HHUK
MeiaHu, HaMU BUAUIEHO TPYIU MAIIEHTIB 13 BIAHOCHO HU3BKUM piBHEM (<222 mr/mi)
Ta BIJIHOCHO BHCOKUM piBHeM (> 222 nr/mu) TOP-B1. Busnaueno, mo y 50 %
obctexxenux koHreHTpailis TOP-B1 y mmasmi kpori cranoBuia 165,5-303,0 or/mi, y
25 % marrieHTiB - HUKYE 165,5 nir/mi, a B iHmmMX 25 % - Bume 3a 303,0 or/min. [Ipu
yoMy, 30UIbIIEHHS HWOTO KOHIIEHTpallii croctepirajiocs Biax 1-oi mo 4-oi rpymnmu.
Kniniuni noprpetu namientiB 3 I'X II cramii 1 pisaum piBuem TOP-B1 y mmazmi
BU3HAYAJIM 3a JOMOMOTOI0 JHUCKpuMiHaHTHOTO aHami3y (“Discriminant analysis™). ¥
SKOCT1 BUX1JIHOTO ITapaMeTpy aHallizy OyB B3ATUI piBEHb MeiaTopy B Oanax, ae 1 6an
— BIJJHOCHO HM3bKUH piBEHb 1 2 OaJii — BIAHOCHO BHCOKUU pPIBEHb T'OPMOHY JIJIsi
BUBYEHOI nonyJiauii xBopux 3 I'X II cramii. Jlo mpoBeneHHS NHUCKPUMIHAHTHOTO
aHajiizy METOJOM paHroBoi kopensamii CroipmMeHa Oyna 311HCHEHAa MONEPEIHS
“¢pumpTpalnis”’ KIHIYHMX Ta I1HCTPYMEHTaJIbHUX TOKa3HHUKIB (n=76) 3 METOIO
BU3HAYEHHS iX acowiaiiil 3 piBHEM TOpMOHY B mia3mi. [lokazHuKH, K BU3HAYAIH
cratucTuuny 3HaunMy (p<0,05) paHroBy KOpeEJsllil0 3 KOHILEHTPAIIE0 TOPMOHY B
mia3Mi OyJiy BKJIIOYEHI B MOAANBIINN AUCKPUMIHAHTHUN aHami3. 3’siCOBaHO, IO Y
namienTiB 13 [ X II crazii 1 piBaem TOP-B1 > 222 nr/mi y miia3mi KpoBi CIIi] O49iKyBaTH
HACTyMHI KJIIHIYHI MOPTpeTH: 1) HASBHICTH CYNMyTHHOTO OXKWPIHHS; 2) HAsBHICTH
CYMyTHIX OXHUpIHHS 1 cTeHokapmii 6e3/ta 13 yactoro IIE. IIpu mpomy, B pasi 11
(GyHKIIOHATBHOTO KJIacy CTeHoKap/li miHimanbHa KutbkicTh IIIE 3a moOy ckiamae
5000, B Toi yac sk nipu I dyuskmionansrnoro kiacy — 2500 emnizoxis LLE 3a n1o0y; 3)
HasBHICTH cymyTHBOT yactoi LIIE > 10000 emizonis I1IE 3a 100y.

KurouoBi caoBa: tpancpopmyrounii haktop pocty-B1, rineproniuyHa xsopooa,
XpOHIYHA KOpOHapHa XBOpoOa, IUTYHOYKOBA EKCTPACUCTONIS, JUCKPUMIHAHTHUN
aHai3

Statement of the problem. Myocardial fibrosis leads to left ventricular
remodeling, which is associated with chronic pressure or volume overload. Myocardial
fibrosis contributes to an increase in cardiovascular events, including ventricular
arrhythmias [1].

Transforming growth factor-p1 (TGF-B1) triggers myocardial fibrosis by
stimulating fibroblasts to release many factors, including angiotensin Il [2], which is
involved in the regulation of blood pressure (BP). It has been established that the
concentration of TGF-B1 positively correlates with BP in children with primary arterial
hypertension and with hypertensive heart damage [3].

In addition, in patients with coronary artery disease (CAD), an association is
observed between TGF-B1 concentration and left ventricular diastolic dysfunction and
the occurrence of arrhythmias [4].
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Our study aims to assess the relationship of serum TGF-B1 in patients with stage
I hypertension and various clinical indicators.

The aim of the study was to determine the clinical portrait of patients with stage
I hypertension at different levels of transforming growth factor-p1 in blood plasma.

Resear chobjects and methods. Echocardiography, Holter electrocardiographic
monitoring, stress tests and/or coronary ventriculography were performed in 120
patients (mean age 57.3+0.9 years) to verify the diagnosis of stage II hypertension
(HTN) and concomitant chronic coronary heart disease (CCHD) and frequent
ventricular extrasystole (VE).

We identified 4 groups of patients, 30 persons in each: Group 1 — stage Il HTN
without concomitant CCHD and frequent VE; Group 2 — stage Il HTN with
concomitant frequent VE; Group 3 — stage Il HTN with concomitant CCHD; Group 4
— stage Il HTN with concomitant CCHD and frequent VE [5, 6].

Using an enzyme-linked immunosorbent assay with the “Human TGF-f1
(Transforming Growth Factor Beta 1) ELISA Kit” (Elabscience Biotechnology Inc.,
USA), the concentration of TGF-B1 in blood serum was determined according to the
manufacturer’s instructions. Microsoft Excel (2019) and Statistica 12.0 (Statsoft, USA)
were then used for statistical processing of the obtained results.

Clinical portraits of patients with stage Il HTN and different plasma TGF-p1
levels were determined using discriminant analysis (‘“Discriminant analysis”). The
baseline parameter for the analysis was the mediator level expressed in points, where
1 point indicated a relatively low level (RLL) and 2 points indicated a relatively high
level (RHL) of the hormone for the studied population of patients with stage Il HTN.

Before performing discriminant analysis, a preliminary “filtering” of clinical and
instrumental indicators (n=76) was carried out using Spearman rank correlation to
determine their associations with the plasma hormone level. Indicators that showed a
statistically significant (p<0.05) rank correlation with the plasma hormone
concentration were included in the subsequent discriminant analysis.

The main stages of discriminant analysis were:

1. determination of a linear discriminant model (equation of the linear
discriminant function) and the independent variables of the model. In doing so, only
the most informative variables and those least dependent on each other were included
in the model using the direct forward stepwise method (forward stepwise);

2. coefficients of the linear discriminant functions for each value of the
dependent factor (in our case, the plasma hormone level);

3. a classification matrix as the main result of the discriminant analysis, which
made it possible to assess the informativeness of this model.

Presentation of the main material.

Research results and their discussion.

Using the method of variation statistics, the mean plasma concentration of TGF-
B1 in the examined patients (n=120) was 9238.3+97.2 pg/mL. The median value was
222.0 pg/mL, and the interquartile range (25th and 75th percentiles) was 165.5 and

1727




Hpran «epcnexvien Ta iHHosaLji Haykp
Ne2(60) 2026

ISSN 2786-4952 Online

303.0 pg/mL, respectively. Taking the median into account, we distinguished groups
of patients with RLL (<222 pg/mL) and RHL (>222 pg/mL) of TGF-p1.

It was determined that in 50% of the examined patients the plasma TGF-B1
concentration was 165.5-303.0 pg/mL, in 25% it was below 165.5 pg/mL, and in the
remaining 25% it was above 303.0 pg/mL. Moreover, an increase in its concentration
was observed from Group 1 to Group 4 [7].

Figures 1-3 demonstrate the results of the main stages of the discriminant
analysis performed for plasma TGF-B1 level expressed in points (1 point — <222 pg/mL
and 2 points — >222 pg/mL, respectively).

Stage 1 of the analysis involved identifying statistically significant associations
between various clinical and instrumental indicators and the plasma TGF-B1 level
(pg/mL) (Spearman rank correlation results).

Using forward stepwise selection, a discriminant model was formed that
consisted of the most informative variables (Fig. 1).

E-@

EH Workbook1* - Discriminant Function Analysis Summary (Lywkoscexa_mogen_1)

3 Discriminant Function Analysis Summary (WWywkosckka_mogen_1)
Mo. of vars in madel: 3; Grouping: TOP_rpynn (2 grps)
Wilks' Lambda: ,50003 approx. F (3,77)=25,664 p< ,0000
Wilks' Partial F-remove p-value Toler. 1-Toler.

MN=81 Lambda Lambda (1,77) (R-Sgr)
Oxupinna [ 05134611 0614691 48,26613| 0,000000f 0917173 0,082828
CreHokapain (2:3) 0615542 0.812336 17.78833] 0.000067, 0945533 0054467
VE (k-Tb 33 goby) 0.548384 0911819 7. A4656| 0,007871| 0,953493  0,046507
I
l:l Digerminant Function Analysis Summary (Uywkosceka_mopen_1) 4

Fig. 1. Independent variables of the discriminant model of the clinical portrait for
different levels of TGF-B1 in plasma (output of STATISTICA v.12)

Figure 2 shows the results of the second stage of the discriminant analysis with
calculation of the coefficients of the independent variables for the discriminant
equations corresponding to different plasma TGF-B1 levels—the first for a relatively
low level (RLL, <222 pg/mL) and the second for a relatively high level (RHL, >222
pg/mL), respectively.

EHWorkhouk'l' Classification Functions; .. ---

Classification Functions; grouj—
G_1:1 G 22

{Variable p=29506 | p=60434
OmupiHHA [ 2021751  6.51681 |
CreHokapnin (2;3) ~ 0,70763] 1 i'EUUL'IE

VE (k-Tb 3a noby) 000059 0.00108
Constant [ 183761 583622

J < B it

| D Classffication Functions; grouping: TP _rpymm {LIJ}ﬂuKoscEEi
Fig. 2. Coefficients of the linear discriminant functions for the equations of relatively
low and high plasma TGF-pB1 levels (output of STATISTICA v.12)

1728



HypHan «epcnexTvEn Ta iHHoBALYi HayK»
N22(60) 2026
ISSN 2786-4952 Online

The last and most important stage of the discriminant analysis was to determine
the informativeness of the obtained model by evaluating the classification matrix (Fig.
3).

ﬂWurkboﬂH* - Classification Matrix (Wy... | = || =& ||ptdm

Classification Matrix (Wywkosceka_mogen —
Rows: Observed classifications
Columns: Predicted classifications
Percent G 11 G 2:2
Group Correct | p=39506 | p=60494
G 11 | 51,25000_ 26 6
G 22 8775510 B 43
Taotal 8518519 32 49
I
|:| Classification Matrix (ywkeoscera_mogen_1) 1l

Fig. 3. Classification matrix for assessing the informativeness
of the discriminant model (output of STATISTICA v.12)

It was observed that the most informative factors characterizing plasma TGF-p1
levels were: the presence of alimentary-constitutional obesity scored in points (0 or 1)
(Wilks’ Lambda = 0.81; F=48.26; p<0.00001) and the functional class (FC) of angina
scored in points (2 or 3) (Wilks’ Lambda = 0.62; F=17.79; p=0.00007). In addition, an
independent variable included in the obtained model was the daily number of
ventricular extrasystoles (VE) determined by Holter electrocardiographic monitoring
(Wilks” Lambda = 0.55; F=7.45; p=0.008). The latter variable clearly demonstrated
that the plasma TGF-B1 level in patients with stage II hypertension, to a certain extent,
determines the arrhythmogenic activity of the ventricles.

Thus, it was impossible to deny the fact that the clinical portrait of a relatively
high plasma TGF-B1 level in patients with stage II hypertension is determined, to a
greater extent, by the presence of obesity and the FC of concomitant angina and, to a
lesser extent, by the arrhythmogenic activity of the left ventricular myocardium,
characterized by frequent VE on ECG.

The results of the second stage of discriminant analysis with calculation of the
coefficients of the independent variables for the discriminant equations corresponding
to different plasma TGF-B1 levels (for RLL <222 and RHL >222 pg/mL, respectively)
indicated that for the RLL level (in the figure G_1:1) the following equation should be
used:

RLL TGF-B1 = —1.84 + 2.02 * obesity (0 or 1) + 0.71 * angina FC (2 or 3) +
0.0006 * VE/day,

and for the RHL level:

RHL TGF-B1 =—5.83 + 6.52 * obesity (0 or 1) + 1.72 * angina FC (2 or 3) +
0.001 * VE/day, respectively.
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Assessment of the informativeness of the obtained discriminant model using the
classification matrix demonstrated that the correct prediction for patients with RLL
TGF-B1 was 81.3%, whereas for patients with RHL it was slightly higher—87.8%. The
average informativeness of correct prediction for any TGF-B1 level was 85.2%.

Table 1 presents the possible clinical portraits of patients with stage Il
hypertension and a relatively high plasma TGF-B1 level (>222 pg/mL) (this level was
of the greatest clinical interest), taking into account all variables of the obtained
discriminant model. The results of the corresponding table were obtained by sequential
substitution of data into the discriminant equations under the condition that the RHL
value was greater than the RLL value.

Table 1
Clinical portraits of patients with stage 11 hypertension
and plasma TGF-$1 level >222 pg/mL

Obesity (BMI >30 kg/m?) Angina FC M(')r]l'\”/‘;rger;“ er;’er
Yes - -
i 1 FC -
i LI FC -
i i 10 000
Yes II FC -
Yes IIT FC -
i I1 FC 5000
i 111 FC 2500

Note. BMI — body mass index; FC — functional class; VE — ventricular extrasystole.

According to the obtained data, in all patients with stage Il hypertension and
concomitant obesity, even in the absence of CCHD and frequent VE, a relatively high
plasma TGF-B1 level is expected. In contrast, the combination of stage II hypertension
and CCHD (angina ll-I11 FC) cannot be used as a portrait of a relatively high hormone
level. The use of angina FC guarantees a relatively high plasma TGF-B1 level only
when combined with other model variables—obesity and frequent VE. In this case, in
the presence of angina Il FC the minimum number of VE per day is 5,000, whereas in
angina Il FC it is 2,500 VE episodes per day. Notably, the presence of concomitant
frequent VE as an independent factor of the portrait of a relatively high plasma TGF-
B1 level is possible only when it exceeds 10,000 VE episodes per day.

Conclusions. It was found that in patients with stage 11 hypertension and plasma
TGF-B1 >222 pg/mL the following clinical portraits should be expected: 1) the
presence of concomitant obesity; 2) the presence of concomitant obesity and angina
pectoris without/with frequent VE. In this case, for angina Il FC the minimum number
of VE episodes per day is 5,000, whereas for angina 111 FC it is 2,500 VE episodes per
day; 3) the presence of concomitant frequent VE >10,000 VE episodes per day.
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