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Abstract 

Despite significant progress in establishing the causes, mechanisms of occurrence, approaches to diagnosis 

and treatment, rheumatoid arthritis (RA) remains one of the most widespread and prognostically unfavorable dis-

eases. Early diagnosis of RA is difficult, since immunopathological changes with a subclinical course occur long 

before the appearance of clinical manifestations of the disease. Therefore, establishing a diagnosis in the first 

months of the disease is crucial for its further progression, prognosis and long-term consequences of RA. Purpose: 

to investigate the correlation-regression relationship of indicators of systemic inflammation, endothelial dysfunc-

tion, cytokine and lipid profiles of blood serum taking into account the T-786C polymorphism of the eNOS gene 

in patients with rheumatoid arthritis in combination with arterial hypertension (AH), abdominal obesity (AB) and 

type 2 diabetes (T2DM). Materials and methods: a laboratory and instrumental examination of 110 patients was 

carried out at the clinical base of the Department of Internal Medicine of the higher education institution of the 

Bukovyna State Medical University, Chernivtsi Regional Endocrinology Center, Chernivtsi Regional Clinical 

Hospital, and the State Institution "Reference Center for Molecular genetic research of the Ministry of Health of 

Ukraine". Results: In patients with RA with hypertension, AO, diabetes mellitus 2, a correlation was established 

between: the level of IL-10 and ACCP (r=0.47 p<0.05), IL-6 and ACCP (r=0.60 p=0.006), IL-18 and CRP (r=-

0.53 p<0.05), total cholesterol and NO metabolites (r=0.79 p<0.05), HDL cholesterol and ET-1 (r =-0.69 p<0.05), 

HDL-C and CRP (r=0.75 p<0.05), HDL-C and ACCP (r=0.50 p<0.05), total cholesterol and ET- 1 (r=0.56 

p=0.058). At the same time, in RA in the presence of TC genotype, a correlation was found between: CRP and 

HDL cholesterol (r=0.56 p=0.005), IL-12 and ET-1 (r=0.53 p<0.05), IL-10 and ACCP (r=0.41 p=0.05); in the 

presence of TT genotype - between total cholesterol and ACCP (r=-0.37 p=0.05); in the presence of СС genotype 

- between total cholesterol and ET-1 (r=0.92 p<0.05), HDL cholesterol and ET-1 (r=0.86 p<0.05), IL-18 and CRP 

(r=-0.72; p<0.05), IL-10 and ET-1 (r=0.86 p<0.05). Conclusions. The obtained results indicate the presence of 

correlations between indicators of systemic inflammation, endothelial function and dyslipidemia in RA patients 

with comorbid pathology, taking into account genetic predictors. 

Keywords: rheumatoid arthritis, lipid metabolism, cytokine profile, inflammatory markers, T-786C eNOS 

gene polymorphism, comorbid pathology. 

 

Introduction. It should be noted that the most 

common cause of death in economically developed 

countries are cardiovascular diseases (ischemic heart 

disease (CHD), myocardial infarction (MI), atheroscle-

rosis, strokes). And if MI is a frequent cause of prema-

ture death among people under the age of 55 [1, 2, 3], 

then a high level of cardiovascular comorbidity, espe-

cially coronary heart disease, is the most significant 

predictor of premature death in patients with rheuma-

toid arthritis (RA) [4, 5]. Separate studies have estab-

lished a connection between RA and CHD through a 

systemic inflammatory response [6], and it has also 

been suggested that CHD is a manifestation of extra-

articular RA, provoked by an active inflammatory pro-

cess, drug exposure, or other secondary factors [7]. 

However, it could be CHD and RA separately, which 

had common clinical symptoms and pathogenetic back-

ground, the most prominent of which was the chronic 

inflammatory process and endothelial dysfunction 

(ED), regardless of its localization. 

In recent years, scientists have discovered dozens 

of new areas in the human genome associated with 

rheumatoid arthritis and found out that certain candi-

date genes play an important role in the development 

and progression of RA [8, 9], which requires the search 

for new approaches to prevention and treatment of this 

disease [10, 11]. 

According to the research of A. Yarwood et al. 

[12], a close relationship was established between the 

development of RA and antigens of the histocompati-

bility system HLA DR1 DR4 DRW4, DW4, DW14. 

However, other genetic associations that affect the 

severity of RA are known, namely the gene encoding 

TNF-a, specific genes for immunoglobulins, IL-1, IL-

3, IL-4, and IL-10 [13]. Some scientists believe that the 

T786C eNOS gene promoter polymorphism affects the 

course of reparative osteogenesis [14], however, this 

polymorphism was studied most often as a risk factor 

for cardiovascular diseases, namely the occurrence of 

CHD [15, 16, 17, 18]. 

On the other hand, the study of the role of the T-

786C polymorphism of the eNOS gene promoter in the 

formation of RA in the Ukrainian population was not 

previously conducted, and the data available abroad are 

contradictory [19]. Therefore, the study of molecular 

genetic predictors in the development of RA associated 

with arterial hypertension (AH), abdominal obesity 
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(AB) and type 2 diabetes mellitus (T2DM) is a very rel-

evant issue today, which will create prerequisites for 

the development of primary and secondary prevention 

and individualized complex treatment. 

Material and methods. All patients underwent a 

complex of examinations: general clinical, anthropo-

metric, spectrophotometric (lipid spectrum of blood 

(total cholesterol (TH), triacylglycerol (TG), high-den-

sity lipoprotein cholesterol (HDL-C), low-density lipo-

protein cholesterol (LDL-C)), colorimetric ( total stable 

metabolites of NO), immunoenzymatic (content of en-

dothelin-1 (ET-1), C-reactive protein (CRP), rheuma-

toid factor (RF), antibodies to cyclic citrulline peptide 

(ACCP), IL-6, IL-12, IL -18, IL-10), molecular genetic 

(polymorphism T-786C of the eNOS gene promoter). 

Statistical processing was carried out using Mi-

crosoft Office Excel® 2007™, IBM SPSS Statistics® 

23.0 applications. In the statistical analysis of the quan-

titative results of the study, arithmetic mean values (M) 

and standard error (m) were calculated. Data are given 

as M±m. Correlation was calculated using Pearson's 

linear parametric correlation coefficient and 

Spearman's nonparametric rank correlation coefficient. 

Research results and discussion. 

The analysis of correlations (r) of the blood lipid 

spectrum with indicators of inflammation and endothe-

lial dysfunction in patients with RA in combination 

with hypertension, AO and diabetes 2, depending on 

the T-786C polymorphism of the eNOS gene is shown 

in table 1. 

Correlation analysis proved a direct, medium-

strength relationship between the level of CRP and 

HDL cholesterol in TC-genotype carriers (r=0.56 

p=0.005), while in TT-genotype carriers, an inverse 

correlation between CRP and HDL cholesterol was es-

tablished (r=-0.37 p=0.05). In carriers of the CC geno-

type, the level of cholesterol and HDL cholesterol di-

rectly depended on the content of ET-1 (r=0.92 p<0.05) 

and HDL cholesterol (r=0.86 p<0.05), respectively. 

Table 1 

Relationships (r) of the blood lipid spectrum with indicators of inflammation and endothelial dysfunction in pa-

tients with RA depending on the T-786C polymorphism of the eNOS gene 

Genotypes of the 

eNOS gene in patients 
Indexes CRP ACCP ЕТ-1 

The total level of stable 

NO metabolites 

ТТ 

TH 
r=-0,22 

р>0,05 

r=-0,37 

р=0,05 

r=0,04 

р>0,05 

r=0,02 

 р>0,05 

TG 
r=-0,06 

р>0,05 

r=-0,19 

р>0,05 

r=0,04 

р>0,05 

r=-0,16 

 р>0,05 

HDL-C 
r=-0,10 

р>0,05 

r=0,16 

р>0,05 

r=0,04 

р>0,05 

r=-0,28  

р>0,05 

LDL-C 
r=-0,10 

р>0,05 

r=-0,10 

р>0,05 

r=-0,09 

р>0,05 

r=-0,09  

р>0,05 

ТС 

TH 
r=0,16 

р>0,05 

r=0,07 

р>0,05 

r=-0,003 

р>0,05 

r=0,40 

 р>0,05 

TG 
r=-0,38 

р>0,05 

r=-0,14 

р>0,05 

r=-0,12 

р>0,05 

r=-0,24  

р>0,05 

HDL-C 
r=0,56 

р=0,005 

r=0,38 

р>0,05 

r=0,48 

р>0,05 

r=-0,08 

 р>0,05 

LDL-C 
r=-0,17 

р>0,05 

r=0,09 

р>0,05 

r=0,08 

р>0,05 

r=-0,08  

р>0,05 

СС 

TH 
r=-0,29 

р>0,05 

r=0,22 

р>0,05 

r=0,92 

р<0,05 

r=0,51 

 р>0,05 

TG 
r=0,58 

р>0,05 

r=0,43 

р>0,05 

r=0,32 

р>0,05 

r=0,60  

р>0,05 

HDL-C 
r=-0,25 

р>0,05 

r=0,30 

р>0,05 

r=0,86 

р<0,05 

r=0,73  

р>0,05 

LDL-C 
r=-0,36 

р>0,05 

r=0,07 

р>0,05 

r=0,65 

р>0,05 

r=0,02  

р>0,05 

Note. TH - total cholesterol; TG – triacylglycerol; HDL/LDL cholesterol – cholesterol of high/low density lipo-

proteins; CRP - C-reactive protein; ACCP – antibodies to cyclic citrulline peptide; ET-1 - endothelin-1. 

 

Relationships (r) of the cytokine profile with indi-

cators of inflammation and endothelial dysfunction in 

patients with RA depending on the T-786C polymor-

phism of the eNOS gene are shown in table. 2. In carri-

ers of the TC genotype, a close relationship between the 

level of IL-12 and the level of ET-1 (r=0.53 p<0.05), as 

well as between IL-10 and ACCP (r=0.41 p =0.05). 

When assessing the correlation, the level of IL-18 was 

inversely correlated with CRP (r=-0.72; p<0.05), and 

the level of IL-10 directly depended on the content of 

ET-1 (r=0.86 p<0.05) in carriers of the CC genotype. 
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Table 2 

Relationships of the cytokine profile with indicators of inflammation and endothelial dysfunction in patients with 

RA depending on the T-786C polymorphism of the eNOS gene 

Genotypes of the eNOS 

gene in patients 

In-

dexes 
CRP ACCP ЕТ-1 

The total level of stable 

NO metabolites 

ТТ 

IL-12 
r=0,02 

р>0,05 

r=0,07 

р>0,05 

r=-0,07 

р>0,05 

r=0,07  

р>0,05 

IL-18 
r=-0,23 

р>0,05 

r=-0,004 

р>0,05 

r=-0,28 

р>0,05 

r=0,12  

р>0,05 

IL-10 
r=-0,34 

р>0,05 

r=0,13 

р>0,05 

r=0,13 

р>0,05 

r=0,03 

 р>0,05 

IL-6 
r=-0,17 

р>0,05 

r=0,21 

р>0,05 

r=-0,18 

р>0,05 

r=-0,13  

р>0,05 

ТС 

ІL-12 
r=0,26 

р>0,05 

r=-0,08 

р>0,05 

r=0,53 

р<0,05 

r=0,21  

р>0,05 

ІL-18 
r=-0,19 

р>0,05 

r=-0,19 

р>0,05 

r=-0,12 

р>0,05 

r=0,14  

р>0,05 

ІL-10 
r=0,02 

р>0,05 

r=0,41 

р=0,05 

r=-0,18 

р>0,05 

r=0,36  

р>0,05 

ІL-6 
r=0,26 

р>0,05 

r=0,16 

р>0,05 

r=-0,03 

р>0,05 

r=0,11  

р>0,05 

СС 

ІL-12 
r=0,49 

р>0,05 

r=-0,38 

р>0,05 

r=-0,44 

р>0,05 

r=-0,25 

 р>0,05 

ІL-18 
r=-0,72 

р<0,05 

r=-0,06 

р>0,05 

r=-0,12 

р>0,05 

r=-0,54  

р>0,05 

ІL-10 
r=-0,22 

р>0,05 

r=0,35 

р>0,05 

r=0,86 

р<0,05 

r=0,42  

р>0,05 

ІL-6 
r=0,06 

р>0,05 

r=-0,02 

р>0,05 

r=-0,63 

р>0,05 

r=-0,19  

р>0,05 

Note. IL-interleukin; CRP–C-reactive protein; ACCP–antibodies to cyclic citrulline peptide; ET-1 - endothelin-1. 

 

In patients with RA with comorbid pathology, a 

close relationship with the level of TH and HDL-C was 

observed (Table 3). Analyzing the obtained data, in pa-

tients with RA in combination with hypertension, AO 

and diabetes mellitus 2, a close relationship between 

TH and NO metabolites was revealed (r=0.79 p<0.05), 

the level of HDL-C was inversely correlated with the 

content of ET-1 (r=-0.69 p<0.05) and directly depended 

on the level of CRP (r=0.75 p<0.05). The presence of a 

direct correlation between HDL-C and the level of ET-

1 and ACCP (r=0.52 p<0.05) and (r=0.50 p<0.05), re-

spectively, was also revealed. It should be noted that 

there is a direct relationship between TH and ET-1 

(r=0.56, p=0.058) in patients with RA in combination 

with AO, hypertension, and type 2 diabetes. 
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Table 3 

Correlations of lipid metabolism with indicators of inflammation and endothelial dysfunction in patients with 

RA depending on comorbid pathology 

Pathology 
In-

dexes 
CRP ACCP ЕТ-1 

The total level of stable NO 

metabolites 

RA 

CHL 
r=0,04 

р>0,05 

r=-0,27 

р>0,05 

r=-0,004 

р>0,05 

r=-0,44 

 р>0,05 

TG 
r=-0,31 

р>0,05 

r=0,18 

р>0,05 

r=-0,25 

р>0,05 

r=0,12 

 р>0,05 

HDL-

C 

r=0,18 

р>0,05 

r=0,22 

р>0,05 

r=-0,15 

р>0,05 

r=-0,11  

р>0,05 

LDL-

C 

r=0,06 

р>0,05 

r=0,08 

р>0,05 

r=-0,05 

р>0,05 

r=-0,23 

р>0,05 

RA with AH 

CHL 
r=-0,61 

р>0,05 

r=0,14 

р>0,05 

r=-0,18 

р>0,05 

r=-0,05 

 р>0,05 

TG 
r=-0,59 

р>0,05 

r=-0,50 

р>0,05 

r=0,05 

р>0,05 

r=0,23  

р>0,05 

HDL-

C 

r=-0,17 

р>0,05 

r=0,53 

р>0,05 

r=0,52 

р<0,05 

r=-0,26 

 р>0,05 

LDL-

C 

r=-0,09 

р>0,05 

r=0,47 

р>0,05 

r=0,003 

р>0,05 

r=-0,46  

р>0,05 

RA with AH and AO 

CHL 
r=-0,17 

р>0,05 

r=-0,16 

р>0,05 

r=0,09 

р>0,05 

r=-0,06 

 р>0,05 

TG 
r=-0,46 

р>0,05 

r=-0,07 

р>0,05 

r=0,17 

р>0,05 

r=-0,42  

р>0,05 

HDL-

C 

r=0,11 

р>0,05 

r=-0,09 

р>0,05 

r=0,23 

р<0,05 

r=-0,33 

р>0,05 

LDL-

C 

r=-0,36 

р>0,05 

r=0,04 

р>0,05 

r=0,34 

р>0,05 

r=-0,33 

р>0,05 

RA with AH, AO 

and DM 2 

CHL 
r=-0,09 

р>0,05 

r=-0,04 

р>0,05 

r=0,56 

р=0,058 

r=0,79 

 р<0,05 

TG 
r=0,10 

р>0,05 

r=-0,42 

р>0,05 

r=-0,05 

р>0,05 

r=0,02  

р>0,05 

HDL-

C 

r=0,75 

р<0,05 

r=0,50 

р<0,05 

r=-0,69 

р<0,05 

r=0,40 

 р>0,05 

LDL-

C 

r=-0,11 

р>0,05 

r=-0,25 

р>0,05 

r=0,11 

р>0,05 

r=-0,17  

р>0,05 

Note. TH - total cholesterol; TG – triacylglycerol; HDL/LDL cholesterol – cholesterol of high/low density lipo-

proteins; CRP - C-reactive protein; ACCP – antibodies to cyclic citrulline peptide; ET-1 - endothelin-1. 

 

According to the correlation-regression analysis, 

we established a close relationship between the cyto-

kine profile and the level of acute phase indicators in 

RA patients with comorbid pathology (Table 4). In pa-

tients with RA, a close relationship of medium strength 

was found between the level of IL-10 and ACCP 

(r=0.47 p<0.05), and in patients with RA in combina-

tion with hypertension, AO, and diabetes 2, a direct re-

lationship between IL- 6 and ACCP (r=0.60 p=0.006). 

An inverse correlation was established between IL-18 

and CRP in RA patients in combination with hyperten-

sion, AO and diabetes 2 (r=-0.53 p<0.05) (Table 4). 
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Table 4 

Correlations of the cytokine profile with indicators of inflammation and endothelial dysfunction in patients with 

RA depending on comorbid pathology 

Pathology 
In-

dexes 
CRP ACCP ЕТ-1 

The total level of stable NO 

metabolites 

RA 

ІЛ-12 
r=0,24 

р>0,05 

r=-0,18 

р>0,05 

r=-0,12 

р>0,05 

r=0,004  

р>0,05 

ІЛ-18 
r=-0,25 

р>0,05 

r=-0,02 

р>0,05 

r=-0,08 

р>0,05 

r=0,41  

р>0,05 

ІЛ-10 
r=-0,23 

р>0,05 

r=0,47 

р<0,05 

r=-0,23 

р>0,05 

r=0,10 

 р>0,05 

ІЛ-6 
r=0,21 

р>0,05 

r=0,25 

р>0,05 

r=0,32 

р>0,05 

r=0,09  

р>0,05 

RA with AH 

ІЛ-12 
r=0,38 

р>0,05 

r=-0,02 

р>0,05 

r=-0,03 

р>0,05 

r=-0,13 

р>0,05 

ІЛ-18 
r=-0,49 

р>0,05 

r=-0,16 

р>0,05 

r=-0,33 

р>0,05 

r=0,71 

р>0,05 

ІЛ-10 
r=-0,24 

р>0,05 

r=0,61 

р>0,05 

r=-0,35 

р>0,05 

r=0,57  

р>0,05 

ІЛ-6 
r=0,04 

р>0,05 

r=-0,20 

р>0,05 

r=0,46 

р>0,05 

r=-0,46  

р>0,05 

RA with AH and AO 

ІЛ-12 
r=-0,02 

р>0,05 

r=0,04 

р>0,05 

r=0,25 

р>0,05 

r=0,11 

 р>0,05 

ІЛ-18 
r=-0,07 

р>0,05 

r=-0,36 

р>0,05 

r=-0,13 

р>0,05 

r=0,04  

р>0,05 

ІЛ-10 
r=-0,21 

р>0,05 

r=-0,04 

р>0,05 

r=0,21 

р<0,05 

r=0,06 

р>0,05 

ІЛ-6 
r=0,05 

р>0,05 

r=-0,46 

р>0,05 

r=-0,13 

р>0,05 

r=0,07  

р>0,05 

RA with AH, AO and 

DM 2 

ІЛ-12 
r=0,30 

р>0,05 

r=0,05 

р>0,05 

r=-0,13 

р>0,05 

r=-0,07  

р>0,05 

ІЛ-18 
r=-0,53 

р<0,05 

r=0,13 

р>0,05 

r=-0,02 

р>0,05 

r=-0,01  

р>0,05 

ІЛ-10 
r=-0,18 

р>0,05 

r=0,47 

р<0,05 

r=-0,19 

р>0,05 

r=0,14  

р>0,05 

ІЛ-6 
r=0,06 

р>0,05 

r=0,60 

р=0,01 

r=-0,02 

р>0,05 

r=-0,03 

 р>0,05 

Note. IL-interleukin; CRP–C-reactive protein; ACCP – antibodies to cyclic citrulline peptide; ET-1-endothelin-1. 

 

Through correlation analysis, in patients with RA 

with comorbid pathology, a close direct and inverse re-

lationship was established between: the level of IL-10 

and ACCP (r=0.47 p<0.05), IL-6 and ACCP (r=0.60 

p=0.006), IL-18 and CRP (r=-0.53 p<0.05), TH and sta-

ble NO metabolites (r=0.79 p<0.05), HDL cholesterol 

and ET-1 (r =-0.69 p<0.05), HDL-C and CRP (r=0.75 

p<0.05), HDL-C and ACCP (r=0.50 p<0.05), TH and 

ET- 1 (r=0.56 p=0.058). Taking into account the poly-

morphic variants of the T-786C eNOS gene, a positive 

and negative correlation was found between: CRP and 

HDL cholesterol (r=0.56 p=0.005), IL-12 and ET-1 

(r=0.53 p<0, 05), IL-10 and ACCP (r=0.41 p=0.05) in 

TС-genotype carriers; TH and ACCP (r=-0.37 p=0.05) 

in carriers of the TT genotype, TH and ET-1 (r=0.92 

p<0.05), HDL C and ET-1 (r=0 .86 p<0.05), IL-18 and 

CRP (r=-0.72; p<0.05), IL-10 and ET-1 (r=0.86 

p<0.05) in carriers mutant СС genotype, which can be 

explained by the strengthening of the systemic inflam-

matory response to "damage" and the mutually aggra-

vating effect of comorbid pathology on the course of 

RA. 

Conclusion. The obtained results indicate the 

presence of correlations between indicators of systemic 

inflammation, endothelial function and dyslipidemia in 

RA patients with comorbid pathology, taking into ac-

count genetic predictors. 
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