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INVESTIGATING A CORRELATION BETWEEN THE LEVELS OF PERIPHERAL BLOOD CYTOKINES AND THE
RISK FOR CARDIOVASCULAR COMPLICATIONS IN PATIENTS WITH STAGE Il ESSENTIAL HYPERTENSION
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Essential hypertension (EH) is one of the most common modifiable risk factors for cardiovascular diseases and death. The aim of this study was to investigate a
correlation between the levels of some cytokines (interleukins, adhesion molecules, tumor necrosis and growth factors, etc.) in the peripheral blood of patients with
stage Il EH and the rate of complications (myocardial infarction, acute cerebrovascular events, and transient ischemic attacks) occurring in a 5-year follow-up period.
Twenty-eight cytokines were measured using ELISA, including IL1B, IL1a, IL1ra, IL18, IL18BP, IL37, IL6, sIL6r, LIF, sLIFr, IGF-1, IGFBP-1, TNFa, sTNF-RI, sVCAM-1,
IL17,1L2, IL4, IL10, TGF-B1, IL8, CX3CL1, CXCL10, INFy, M-CSF, IL34, VEGF-A, and erythropoietin, and a few vasoactive peptides, including NO, iNOS, eNOS,
ADMA, SDMA, Nt-proCNP, and Nt-proBNP, in the peripheral blood samples of 200 patients with stage Il EH who had been suffering from this condition for 10 to
14 years and were receiving comparable therapies to bring their blood pressure down. The patients were followed up for 5 years to keep track of complications.
The retrospective analysis revealed that the group of patients who developed complications during the 5-year follow-up period exhibited a decline in the levels of
IL1ra (p < 0.001) and IL10 (p < 0.001) and a rise in IL1B (o < 0.001), TNFa (p < 0.001) and M-CSF (p < 0.001) in comparison with the group of those who did not
develop any complications. The multivariate Cox regression analysis was applied to the following parameters: IL13 > 18.8 pg/ml; IL1ra < 511 pg/ml; IL6 > 23.8 pg/m;
IL10 < 26.3 pg/ml; 389 pg/ml < M-CSF < 453 pg/ml; ADMA > 0.86 pmol/L; total cholesterol > 4.9 mmol/L; LDL> 3.0 mmol/L; HDL in men < 1.0 mmol/L; HDL
in women < 1.2 mmol/L. The analysis revealed that M-CSF in the range from 389 to 453 pg/ml (o < 0.001) and LDL above 3.0 mmol/L (o < 0.01) correlated with
an increase in the risk for end-organ damage in stage Il EH. Changes in the cytokine levels can be regarded as a predictor of myocardial and cerebral damage in
patients with stage Il EH. Measurement of peripheral blood M-CSF can be included into the classic risk assessment schemes for the cardiovascular complications
in the studied cohort of patients.
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AHANN3 KOPPENALMN COOEP>XAHUA LIUTOKUHOB NEPUPEPUYECKOW KPOBU

C PUCKOM PA3BUTUSA CEPAEYHO-COCYAUCTbIX OCJTOXXHEHUW Y BOJIbHbIX
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OcceHumanbHas aptepuanbHas runepteHsuns (DAlN ocTaetca Hambonee pacnpoCTpaHeHHbIM MOANMULMPYEMbIM (DaKTOPOM pUCKa CEepAEHHO-COCYANCTbIX
3aboneBaHuin 1 cMepTu. Llenbio ncenenoBanns Obl10 BbISBUTL KOPPENSALMIO COAEPKaHNS LIUTOKMHOB (MHTEPENKHOB, MONeKyn aareavm, (pakTopoB HeKpo3a
OMyxoAW, pocTa v Ap.) B CbIBOPOTKE NEPUDEPUHECKON KPDOBU 1 HaCTOTbl OCIOXKHEHWI (MHDapKTa MMoKapaa, OCTPOrO HapyLLEHMS MO3rOBOro KPOBOOOPALLEHNS)
B nocnepytowme 5 net y 6onbHbix SAI Il ctagum. Y 200 naumeHtoB ¢ SAT Il ctagum ¢ anutensHOCTbO 3abonesanHns 10-14 neT, nonyyaBLUKX CONMOCTaBUMYHO
rMNOTEH3VBHYHO Tepanmio 1 nokasasLUMX LeneBble ypoBHM ALl ¢ nomoLpio VDA B CbIBOPOTKE NepUdeprHeckon KpoBIM Onpeaensiv coaepxanme 28 LINTOKMHOB
(IL1B, IL1a, IL1ra, IL18, IL18BP, IL37, IL6, sILér, LIF, sLIFr, IGF-1, IGFBP-1, TNFa, sTNF-RI, sVCAM-1, IL17, IL2, IL4, IL10, TGF-B1, IL8, CX3CL1, CXCL10, INFy,
M-CSF, IL34, VEGF-A, sputponostuHa) 1 BagoaktveHbIx nentuaos (NO, iINOS, eNOS, ADMA, SDMA, Nt-proCNP, Nt-proBNP). B Teverne nocnegytowmx 5 net
hUKCHpOBaNM Cy4Yan pasBUTUSE OCNOXHEHWIA. PETPOCNEKTBHBIN aHanM3 Nokasas, YTo AN rpynnbl C Pa3BUTUEM OCNOXKHEHUI B MOCNEAyOLLIME 5 neT XxapakTepHo
npeagaputenbHoe CHkeHve yposHel ILira (o < 0,001) n IL10 (o < 0,001) Ha choHe noBbiweHus copepkaqnsa IL1B (o < 0,001), TNFa (p < 0,001) n M-CSF
(o < 0,001) B CbIBOPOTKE KPOBM MPW CPABHEHMM C FPYMNMON 6€3 0CNOXHEHMA. MHOrogakTOpHbI aHan3 C BKIKOHYEHVEM B PErPECCHOHHYIO MOAeNb Kokea psaaa
nokazateneit: IL1B > 18,8 nr/mn; IL1ra < 511 nr/mn; IL6 > 23,8 nr/mn; IL10 < 26,3 nr/mn; 389 nr/mn < M-CSF < 453 nr/mn; ADMA > 0,86 MKMOb/1; 06LLmiA
xonectepyH > 4,9 mmvone/n; JIMHIM > 3,0 mvone/n; JINBM y My>k4mH < 1,0 MMONB/N; Y XKEHLWMH < 1,2 MMOSb/N BbISBUS HE3ABVCUMbIA XapakTep «BAUSHIIS»
Ha MOBbILLEHNE HaCTOTbl MOBPEXAEHVST OpraHoB-muLeHel npu SAT Il ctagun cnepylolmx nokasatenein: cogepxanns M-CSF B ananasone 389-453 nr/mn
(o < 0,001), a Takxke yposHst JTMHIT 6onee 3,0 Mvonb/n (o < 0,01). VI3MeHeHWe ypOBHSI LMTOKUMHOB SBMSIETCS NAaTOreHETUYECKY 0O0CHOBaHHbIM MPEANKTOPOM
MOBPEXAEHNS MYOKapAa 1 roNOBHOMO Modra y 60sbHbIX SAT Il cTaamn, a onpepeneHmne yposHs M-CSF B KpOBY MOXXET AOMOMHUTL KITACCUYECKME CXeMbl pacyeTa
puUcKa pasBUTUSt CepAEHHO-COCYANCTLIX OCNOXHEHWIA Y AaHHOW KaTeropum 601bHbIX.

KnioueBble cnoBa: LMTOKMHbI, SCCeHLManbHas aptepuanbHas rnepTeH3nst, MHMapKT Myokapha, OCTPOe HapylUeHWe MO3roBOro KpOBOOOPALLEHNS,
KOMOHNEeCTUMYNMpYtoLLmMiA hakTop Makpodaros M-CSF
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Essential hypertension (EH) is one of the most common
modifiable risk factors for cardiovascular diseases and death.
According to some estimates, more than 1 billion adults suffer
from EH. Their number is expected to have reached 1.5
billion in 2025 [1]. It was long thought that end-organ damage
resulted from the increased hydrostatic pressure against
blood vessel walls. However, recently a few research studies
have been conducted [2-10] into the cytokine pathways in
EH complications, including myocardial infarction (Ml), acute
cerebrovascular events (ACVE), and transient ischemic attacks
(TIA), that pose a significant risk of death and morbidity to the
working-age population. It is hardly disputable that end-organ
damage is the ultimate sequela of chronic inflammation in the
presence of elevated blood pressure and atherosclerosis.
However, it is still unclear whether certain cytokines have a
prognostic potential in the assessment of long-term risks for
cardiovascular disorders in patients with stage Il EH. The aim
of this study was to investigate a correlation between peripheral
blood concentrations of some cytokines in patients with stage
Il EH and the rate of cardiovascular complications (Ml, ACVE,
TIA) developed during the 5-year observation period.

METHODS

The study was carried out at the facilities of the Regional
Vascular Center of Mordovian Republican Clinical Hospital
No. 4, Mordovian Republican Clinical Hospital No. 3 and the
Department of Immunology, Microbiology and Virology of
Ogariov Mordovian State University in 2013 through 2018.
The study recruited 490 participants with stage Il EH. Of them,
200 patients were prescribed comparable antihypertensive
therapies and then followed up for 5 years. Among them were
100 females and 100 males with the mean age of 57.5 + 1.2
years at the beginning of the study.

The following inclusion criteria were applied: stage I
EH lasting for 10-14 years; working age (females under 60,
males under 65); comparable treatment regimens prescribed
(monotherapy with ACE inhibitors or ACEls+ diuretics); informed
consent to participate. Patients with comorbidities, type |
diabetes mellitus, metabolic syndrome, allergies, autoimmune
conditions, secondary hypertension, infections or mental health
problems 1 month before the study, alcoholism/drug abuse,
and those who refused to participate were excluded from the
study. The following cytokines were measured in the peripheral
blood samples of 100 female and 100 male patients with
stage Il EH in order to assess their potential in predicting long-
term cardiovascular complications (Ml and ACVE): IL1, IL1q,
IL1ra, IL18, IL18BP, IL37, IL6, slL6ér, LIF, sLIFr, IGF-1, IGFBP-1,
TNFa, sTNF-RI, sVCAM-1, IL17, IL2, IL4, IL10, TGF-B1, IL8,
CX3CL1, CXCL10, INFy, M-CSF, IL34, VEGF-A, erythropoietin,
and a group of vasoactive peptides including NO, iINOS,
eNOS, ADMA, SDMA, Nt-proCNP, and Nt-proBNP. These
proteins were selected because they are either synthetized by
vascular cells or the end organs have receptors recognizing the
listed cytokines. Their concentrations were determined using
immunoassays. In the 5-year follow-up period, the patients
were surveyed on the phone using the original questionnaire;
complications (MY, ACVE, TIA) were noted down and later
correlated to the patients’ medical records.

The obtained data were processed in Statistica 8.0
(StatSoft; ver 8.0). Normality of data distribution was tested
using the one-sample Kolmogorov-Smirnoff test. In this article,
the data are presented as an arithmetic mean (M), a standard
deviation (SD) and 95% confidence interval for the mean
(95% Cl) for normal distribution. Student’s t-test was used to
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compare the main groups. Absolute and relative risks of end-
organ damage (MI, ACVE, TIA) were computed, as well as 95%
Cl for sensitivity (Se) and specificity (Sp). Uni- and multivariate
Cox regressions were calculated.

RESULTS

We correlated the levels of IL1B, IL1a, IL1ra, IL37, IL18,
IL18BP, IL6, slL6r, LIF, sLIFr, TNFa, sTNF-RI, sVCAM, IL2,
IL8, IL4, IL10, IFNy, IGF-1, IGFBP-1, M-CSF, IL34, VEGF-A,
CXB3CL1, CXCL10, TGFB1, IL17A, and erythropoietin in the
peripheral blood of 200 patients in treatment for stage Il EH
who had been suffering from the condition for 10-14 years to
the development of cardiovascular complications during the
5-year follow-up period. The retrospective analysis revealed a
declinein IL1ra (p < 0.001) and IL10 (p < 0.001) concentrations
and a rise in IL1B (p < 0.001), TNFa (p < 0.001), and M-CSF
(o < 0.001) levels in the group of 47 patients who developed
cardiovascular complications in the follow-up period, including
Ml (20 patients), ACVE (14 patients) and TIA (13 patients),
as compared to the group of patients who did no develop
any long-term complications during the study (Table 1). No
significant differences were observed in the average values
of other parameters between the groups of patients with and
without complications (p > 0.05).

Further analysis of interquartile ranges for the patients
with EH who developed complications after 6-10 years of
observation demonstrated (Table 2) that at IL1ra < 513 pg/ml,
the rate of complications over those 5 years increased 2.24
times (p < 0.05) reaching 45% (Sp was 83%, Se was 41.7%),
¥ = 5.25 (p < 0.05), C = 0,33 (@ moderate correlation); at
IL10 < 26.3 pg/ml the risk grew 1.94 times (p < 0.05), reaching
31% (Sp 54.9%, Se 66%), y> = 6.26 (o < 0.05), C = 0.17 (a
weak correlation); at IL1p > 18.7 pg/ml the risk increased 2.37
times (p < 0.05) reaching 38% (Sp 59%, Se 80%), x* = 7.59
(o < 0.05), C = 0.22 (a moderate correlation); at IL6 > 23.8
the risk grew 1.76 times (p < 0.05) reaching 30% (Sp 54%,
Se 63.8%), ¥* = 6.45 (p < 0.05), C = 0.17 (a weak correlation).
At M-CSF concentrations in the blood serum ranging from
389 to 453 pg/ml the risk of cardiovascular complications
in year 5 and in the next 5 years grew 3.87-fold (p < 0.001),
as compared to M-CSF concentrations < 389 pg/ml and >
458 pg/ml, reaching 62% (Sp 81.6%, Se 66%), x° = 32.5
(o < 0.001), C = 0.6 (a relatively strong correlation). M-CSF
was the most significant risk predictor in comparison with other
cytokines. The analysis of interquartile ranges for the patients
who developed cardiovascular complications in years 6-10
of the observation did not reveal any significant correlations
between TNFa concentrations measured in year 5 and the
analyzed risks.

The univariate Cox regression analysis confirmed a reliable
correlation between the changes in the peripheral blood
cytokine concentrations in patients with stage Il EH (IL1B >
18.8 pg/ml; IL1ra <511 pg/ml; IL6 > 23.8 pg/ml; IL10 < 26.3 pg/m;
389 pg/ml < M-CSF < 453 pg/ml) and the risk of cardiovascular
disorders during the observation period (Table 3).

The analysis of relationships between all studied parameters
and vasoactive peptides (Tables 4, 5) demonstrated that
cytokines that could be regarded as potential long-term
predictors of cardiovascular complications in patients with stage |l
EH, namely IL1ra, IL10, IL1B, TNFa, and M-CSF, correlate with
the serum levels of asymmetric dimethylarginine (ADMA), a
vasoactive peptide. Therefore, when building the pathogenic
model, we added ADMA to the list of variables subjected to the
multivariate regression analysis to assess the independence of
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the revealed risk factors. This has a pathogenic significance
and affects the diagnostic and clinical value of the recorded
changes. M-CSF concentrations in the blood serum of patients
with stage Il EH have the strongest correlation with ADMA.
The model subjected to the multivariate analysis also included
classic risk factors as recommended by the international and
Russian guidelines for the risk assessment of complications in
patients with hypertension. Based on the results yielded by the
multivariate analysis, increased rates of end-organ damage in
patients with stage Il EH reported during the 5-year observation
period correlated with M-CSF levels in the range between 389
and 453 pg/ml (p < 0.001) regardless of patients’ sex, as well
as with the classic risk factor: LDP > 3.0 mmol/L (p < 0.01)
(Table 6).

DISCUSSION
Significant correlations have been reported between EH

complications, including ACVE and MI, and the peripheral
blood concentrations of IL17, IFNy, TNFa, IL6 [2, 11], STNF-

RI'[9], IL1 [12, 13], CXC chemokines [6], LIF [14], IL12 [15],
and other cytokines. However, there have been few longitudinal
studies of this problem, and only a small range of cytokines
has been analyzed. Considering that the literature on the role
of cytokines in the pathogenesis of EH is scarce, it is important
to study the dynamics of these immunoregulatory factors in
patients who develop EH complications and to identify factors
that maintain their statistical and pathogenic significance when
other cytokines or classic risk factors are introduced into the
pathogenic model. We have found that changes in IL1ra, IL10,
IL1B, IL6, and M-CSF levels correlate with the development of
complications (MI, ACVE, TIA) during a 5-year period. In our
study, the increase in the concentrations of anti-inflammatory
IL1ra and IL10 correlated with a lower number of complications.
Correlations between other analyzed cytokines and the risk for
EH complications were not observed. Out findings are not fully
consistent with the literature reporting correlations between
LIF, IL1a, etc. and the risk for developing EH complications
[10, 14]. This could be due to different inclusion criteria
applied in different studies (the sex ratio, age, antihypertensive

Table 1. Cytokine levels in patients in treatment for stage Il EH who developed cardiovascular complications during the 5-year follow-up period and those who did not

have any complications. M (o)

Cytokine levels Patients without complications Patinates with EH and complications

(pg/ml) n=153 n=47
IL1B 14.2 (4.42) 21.3 (3.32)*no complications
IL1a () 12.6 (3.21) 13.2 (2.91)
IL1ra 650 (112) 496 (93)*no complcations
IL18 360 (64) 393 (87)
IL18BP 6790 (1170) 6440(1620)
IL6 21.7 (4.94) 4.9 (4.41)Amo compcatons
slL6r 1889 (323) 1733 (312)
TNFa 20. 2 (4.47) 26.6 (4.5)* complications
sTNF-RI 2598 (680) 2873 (699)
sVCAM-1 577 (101) 591 (90)
L2 10.6 (3.16) 10.9 (3.02)
IL8 28.7 (6.74) 30.6 (7.16)
L4 19.8 (4.11) 20.8 (4.05)
IL10 29.3 (6.99) 23.8 (7.17)*no complications
IFNy 18.4 (4.18) 18.1 (4.39)
IL37 93.2 (26.9) 90.1 (24.2)
IL17A 2.5 (0.56) 2.46 (0.49)
LIF (females) 7.28 (2.78) 7.76 (2.63)
sLIFr (females) 40500 (1120) 42100 (1600)
IGF-1 116000 (32300) 122000 (30800)
M-CSF 352 (88) 456 (69)*no complications
IL34 133 (40) 137 (36)
VEGF-A 339 (101) 344 (95)
CX3CL1 510 (105) 542 (120)
CXCL10 17.8 (4.33) 18.9 (3.92)
TGFBA1 21.8 (4.57) 22.1 (4.24)
Neopterin 8.81 (3.19) 8.23 (2.8)
Erythropoietin 11.4 (3.64) 16.6 (3.12)*no complications

Note: * —p < 0.01; * — p < 0.001 in comparison with patients without complications reported in the 5-year follow-up period.
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treatment, normalized blood pressure, etc) and indicates the
high significance of the observational group homogeneity,
which affects the pathogenic significance of the obtained data.
Importantly, our study shows that only cytokines correlating
with ADMA levels can be regarded as potential predictors of
end-organ damage in patients undergoing treatment against
stage Il EH and suffering from the pathology for 10-14 years.
ADMA is a methylated analog of L-arginine (a substrate for NO
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synthesis) that competitively inhibits the functional activity of
eNOS [16], curbing the NO synthesis and leading to its poor
availability for vasorelaxation and vasoprotection [17]. This
pathogenic pathway is important: the role of ADMA and SDMA
in pathology is currently in the focus of scientific research.
This study established that M-CSF was the only independent
criterium (from the entire spectrum of the analyzed parameters)
that had a high predictive value (even when compared to

Table 2. The relationship between changes in IL1ra, IL1B, IL6, TNFa, M-CSF, and IL10 concentrations measured at the beginning of the study AND the rate of
complications (95% Cl) during the 5-year follow-up period in patients in treatment for long-settled EH

Quartile | Quartile Il Quartile Il Quartile VI
n=>50 n=>50 n=>50 n=>50
IL1ra (330-511) (512-575) (574-633) (634-820)
Complications (number of patients) 18 9 10 10
36 18 20 20
Absolute risk (%) [22.7-49.3] [7.35-28.6] [8.91-31] [8.91-31]
36 [22.7-49.3] 19.3 [13-25.6]
Risk ratio Quartiles I /11 + Il + 1V: 1.86 [1.13-3.05]*
IL1B (2.95-14.8) (14.9-8.7) (18.8-22.5) (22.6-34.4)
Complications (number of patients) 1 8 18 20
36 40
Absolute risk (%) °. 433 443 5.8 41_62 621 [22.7-49.3] [26.4-53.6]
38 [28.5-47.5]
Risk ratio Quartiles Il /1l + 1IV: 2.37 [1.2 -4.7]"
Risk ratio Quartiles I /11 + 11l + IV: 1.86 [1.13-3.05]*
IL6 (12.5-20.8) (20.9-23.7) (23.8-27.5) (27.6-36.4)
Complications (number of patients) 8 9 14 16
16 [5.8-26] 18 [7.35-28.6] 28 [15.6-40] 32 [19-45]
Absolute risk (%)
17 [8-22.1] 30 [21-39]
Risk ratio Quartiles | + 11 /111 + IV: 1.76 [1.04 — 2.99]*
TNFa (10.3-18.3) (18.6-23.7) (21.4-24) (24.1-32.4)
Complications (number of patients) 10 13 12 12
Absolute risk (%) 20 [8.9-31] 26 [13.8-38] 24 [12.2-35.8] 24 [12.2-35.8]
Risk ratio Quartiles |/ 11: 1.3 [0.63-2.69] Quartiles I1 /11l + 1IV: 0.92 [1.04-1.65]
M-CSF (138-319) (320-388) (389-453) (454-640)
Complications (number of patients) 0 7 31 9
Absolute risk (%) 0 14 [4.42-23.6] 62 [48.5-55.4] 18 [7.55-28.6]
Risk ratio Quartile; I+ 1V /1Il: 3.87 [2.35-6.38]"
Quartiles II/IV = 1.28 [0.52-3.18]
IL10 (5.1-19.9) (20-26.2) (26.3-31.5) (31.6-47.5)
Complications (number of patients) 15 16 8 8
30 [19-45] 32 [15.6-40] 16 [5.84-26.2] 16 [5.84-26.2]
Absolute risk (%)
31 [22-40] 16 [5.84-26.2]
Risk ratio Quartiles | + 11 /1l + IV: 1.94 [1.13-3.31]*

Note: * — p < 0.05 for the comparison of absolute risks if the interval does not include 1.

Table 3. Correlations between IL1pB, IL1ra, IL6, IL10, and M-CSF concentrations AND the rate of cardiovascular complications (95% Cl) during the 5-year observation
period in patients with stage Il EH. The univariate Cox regression

Variables Beta Standard t-value Exponent Beta P
IL1B (> 18.8 pg/ml) 1.99 0.35 5.68 2.37 0.006
IL1ra (< 511 pg/ml) 1.24 0.28 4.43 2.06 0.009
IL6 (> 23.8 pg/ml) 1.27 0.35 3.62 1.89 0.042
IL10 (< 26.3 pg/ml) 1.22 0.27 452 1.91 0.007
M-CSF (389-453) pg/ml 2.44 0.25 9.76 3.89 0.0004

Note: in our Cox regression models, Beta is a regression coefficient; Standard is a standard error of the regression coefficient; t-value is the t-statistic; Exponent Beta
is the value of the relative risk indicating a connection with the range of changes in the analyzed factor; p shows statistical significance.
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ADMA and classic risk factors) in the assessment of risks for
developing ACVE, Ml and TIA in patients undergoing treatment
for stage Il EH who had been suffering from this condition
for 10 to 14 years. This confirms the priority of the cytokine
in the M-CSF-ADMA correlational pathogenic model with a
subsequent cascade of reactions causing progression of the
pathology. Earlier, we published an article demonstrating a
direct correlation between M-CSF concentrations > 453 pg/ml
and the levels of VEGF-A in the peripheral blood, which
was consistent with a significant increase in the myocardial
collateral blood flow (coronary angiography) and might explain
a low rate of Ml in the studied cohort of patients [18], affecting
the total risk for cardiovascular complications. M-CSF can
activate MAP-kinases via the M-CSFR-1 receptor; the kinases

play a key role in the production of VEGF-A by activating ERK,
increasing the p38 and JNK promoter activity and stabilizing
VEGF-A mRNA in a dose-dependent pattern [19].

CONCLUSIONS

The data yielded by this study prove that changes in the
cytokine concentrations (IL18 > 18.8 pg/ml, IL1ra < 511 pg/ml,
IL6 > 23.8 pg/ml, IL10 < 26.3 pg/ml) measured in the
peripheral blood of patients suffering from stage Il EH for 10 to
14 years and undergoing antihypertensive treatment correlate
with a 5-year rate of cardiovascular complications (Ml, ACVE,
TIA). Only M-CSF at concentrations between 389 and 453 pg/ml
can be regarded as a predictor of cardiac and cerebrovascular

Table 4. A correlation matrix for the cytokines in the peripheral blood of patients in treatment for stage Il EH and the vasoactive peptides measured in the same patients

IL37 LIF sLIFr IGF-1 IGFBP-1 M-CSF L34 VEGF-A CX3CL1 CXCL10 TGFB1 IL17A Erythropoietin

AT -0.28 0.51 -0.36 0.23 0.23 0.34 0.24 0.29 0.12 0.31 0.23 0.21 0.23
p > 0.05 p<0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p > 0.05 p>0.05

ET1 -0.41 0.31 0.28 0.21 0.22 0.43 0.21 0.42 0.27 0.35 0.31 0.23 0.32
p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>0.05 p>0.05 p>005 | p>005 | p>0.05 p>0.05

NO 0.69 0.42 0.41 0.23 0.18 0.32 0.31 0.34 0.31 0.39 0.48 0.21 0.23
p<005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>0.05 | p>0.05 p>005 | p>005 | p>005 | p>0.05 p>0.05

ADMA -0.32 0.33 0.49 0.28 0.45 0.58 0.24 0.28 0.22 0.15 0.34 0.31 0.32
p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p<0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p > 0.05 p>0.05

SDMA -0.78 0.28 0.45 0.38 0.27 0.52 0.41 0.31 0.52 0.5 0.26 0.31 0.21
p<0001 | p>005 | p>005 | p>005 | p>005 | p<005 | p>005 | p>0.05 p<005 | p<005 | p>005 | p>0.05 p>0.05

eNOS 0.32 0.38 -0.39 0.21 0.34 0.31 0.24 0.11 -0.18 -0.31 0.23 0.32 0.34
p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>0.05 | p>0.05 p>005 [ p>005 | p>005 | p>0.05 p>0.05

iINOS -0.41 0.28 0.45 0.34 0.38 0.17 0.21 0.21 0.69 0.71 0.34 0.21 0.21
p > 0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p<0.01 p<0.01 p>0.05 p > 0.05 p>0.05

NT- -0.27 0.41 -0.28 0.27 0.37 0.41 0.25 0.32 -0.31 -0.27 0.52 0.23 0.24
proCNP | p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>0.05 p>0.05 p>005 | p<005 | p>0.05 p>0.05

NT- -0.78 -0.65 0.31 0.31 0.24 0.45 0.18 0.34 0.21 0.2 0.33 0.27 0.12
proBNP | p<0.01 | p<005 | p>005 | p>005 | p>005 | p>005 | p>0.05 | p>0.05 p>005 [ p>005 | p>005 | p>0.05 p>0.05

Note: the data are presented as a coefficient of multiple correlation; the minus symbol indicates that the established correlation is negative; p shows the significance
of differences.

Table 5. A correlation matrix for the cytokines in the peripheral blood of patients in treatment for stage Il EH and the vasoactive peptides measured in the same patients

IL1B IL1a IL1ra IL18 IL18BP IL6 slLeér TNFa sTNF-RI sVCAM-1 IL2 IL8 IL4 IL10 IFNy

ATl 0.41 0.34 -0.19 0.41 -0.23 0.43 0.33 0.41 0.22 0.21 0.18 0.37 0.22 -0.62 0.16
p>0.05 p>0.05 | p>005| p>0.05| p>0.05 | p>0.05 | p>0.05| p>0.05| p>0.05 p>0.05 p>0.05 | p>0.05 ]| p>0.05 | p<0.05 | p>0.05

ET 0.68 0.65 -0.62 0.34 -0.36 0.27 0.41 0.36 0.24 0.31 0.25 0.69 0.24 -0.36 0.18
p<005 | p<0.05 | p<0.05 | p>0.05| p>005 | p>0.05 | p>0.05 | p>0.05| p>0.05 p>005 | p>005 | p<0.01 | p>0.05 | p>0.05 | p>0.05

NO 0.64 0.46 0.49 -0.27 0.64 0.49 0.33 0.44 -0.38 0.25 0.37 -0.41 -0.38 0.33 0.41
p < 0.05 p>0.05 | p<0.05 | p>0.05| p<0.05 | p>0.05 | p>0.05| p>0.05| p>0.05 p > 0.05 p>0.05 | p>0.05]| p>0.05 | p>0.05 | p>0.05

ADMA 0.52 0.4 -0.58 0.36 -0.41 0.57 0.25 0.38 0.31 0.38 0.33 0.27 0.31 -0.55 0.24
p<005 | p>005 | p<0.05 | p>0.05| p>005 | p<0.05 | p>0.05 | p>0.05| p>0.05 p>005 | p>005 | p>005| p>0.05 | p<0.05 | p>0.05

SDMA 0.34 0.29 -0.16 0.48 -0.71 0.29 0.23 0.26 0.25 0.43 0.72 0.53 0.25 -0.23 0.58
p>005 | p>005 | p>0.05 | p>0.05| p<0.01 | p>0.05 | p>0.05 | p>0.05| p>0.05 p>005 | p<001 | p<0.05| p>0.05 | p>0.05 | p<0.05

eNOS -0.62 -0.67 0.51 0.22 0.37 -0.22 -0.35 0.4 0.27 0.31 -0.13 -0.31 0.27 0.46 -0.19
p<005 | p<0.05 | p<0.05 | p>005| p>005 | p>005 | p>0.05| p>0.05| p>0.05 p>0.05 p>005 | p>005| p>0.05 | p>0.05 | p>0.05

iNOS 0.78 0.49 -0.12 0.36 -0.39 0.68 0.56 0.42 0.41 0.41 0.62 0.42 0.41 -0.4 0.52
p<001 | p>005 | p>0.05| p>005| p>0.05 | p<0.05 | p<0.05 | p>0.05| p>0.05 p>0.05 p<005 | p>005| p>0.05 | p>0.05 | p<0.05

NT- -0.58 0.68 0.13 0.31 -0.37 -0.61 0.24 0.52 0.39 0.24 -0.74 -0.37 0.39 0.29 -0.64
proCNP p < 0.05 p<0.05 | p>0.05| p>0.05| p>0.05 | p<0.05 | p>0.05| p<0.05| p>0.05 p > 0.05 p<0.01 | p>0.05]| p>0.05 | p>0.05 | p<0.05

NT 0.47 0.29 -0.31 0.14 -0.73 0.17 -0.12 0.51 0.24 0.32 0.32 0.21 0.24 -0.22 0.32
-proBNP p>0.05 p>0.05 | p>0.05| p>0.05| p<0.01 | p>0.05 | p>0.05| p<0.05| p>0.05 p > 0.05 p>0.05 | p>0.05]| p>0.05 | p>0.05 | p>0.05

Note: the data are presented as a coefficient of multiple correlation; the minus symbol indicates that the established correlation is negative; p shows the significance
of differences.
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Table 6. Correlations between IL1B, IL1ra, IL6, IL10, M-CSF, ADMA concentrations and classic risk factors AND the rate of cardiovascular complications (95% Cl) in a
5-year observation period in patients with stage Il EH; the table shows the Cox regression model; the multivariate analysis was applied

Variables Beta Standard t-value Exponent Beta p
IL1B (> 18.8 pg/ml) 1.19 0.73 1.63 2.05 0.058
IL1ra (< 511 pg/ml) 1.04 0.62 1.67 1.34 0.067
IL6 (> 23.8 pg/ml) 1.07 0.63 1.69 2.17 0.062
IL10 (< 26.3 pg/ml) 1.06 0.66 1.61 1.32 0.072
M-CSF (389-453) pg/ml 2.17 0.34 6.38 2.53 0.0007
ADMA (> 0.86 umol/l) 1.49 0.77 1.93 2.09 0.068
Total cholesterol > 4.9 mmol/| 1.18 0.73 1.62 1.63 0.062
LDL > 3.0 mmol/I 1.88 0.43 4.37 2.28 0.004
HDL in men < 1.0 mmol/I. in women < 1.2 mmol/I 1.12/1.19 0.71/0.68 1.58 1.38/1.32 0.071/0.069

Note: in our Cox regression models, Beta is a regression coefficient; Standard is a standard error of the regression coefficient; t-value is the t-statistic; Exponent Beta
is the value of the relative risk indicating a connection with the range of changes in the analyzed factor; p shows statistical significance.

complications. Although the obtained data have a theoretical
significance, M-CSF concentrations in the range from 389 to
453 pg/ml are a highly specific (81%) but lowly sensitive (66%)
parameter in terms of predicting MI, ACVE and TIA in the studied
cohort of patients. This means that an additional criterium should
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