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The aim of the investigation was to evaluate the impact of genetically engineered biologic drugs (gEBD) — infliximab and rituximab — on 
endothelium functional state in patients with rheumatoid arthritis (RA) without any concomitant cardiovascular diseases.

Materials and Мethods. The study involved 77 patients with RA aged from 18 to 50. The patients matched ACR (1987) or ACR/EuLAR 
(2010) classification criteria, had no concomitant cardiovascular diseases, and had at least a two-year RA history. Based on the immunolog-
ical subtype and the type of therapeutic intervention, the patients were divided into 4 groups. We assessed vasomotor endothelial function 
at micro- and macrocirculatory levels using AngioScan-01 device (AngioScan-Electronics, Russia) before treatment and after 12 months of 
treatment.

Results. RA patients were found to have the signs of endothelial dysfunction in micro- and macrocirculatory vasculature, being more 
prominent in RF/CCPA-positive (rheumatoid factor/cyclic citrullinated peptide antibodies) disease subtype. Endothelial dysfunction manifestations 
included the decrease of occlusion index in amplitude and the value of phase shift between the channels after a reactive hyperemia test; the 
values of these parameters correlating to RA duration, DAS 28 (disease activity score), rheumatoid factor level and CCPA concentration. The 
use of genetically engineered biologic drugs in RA patients was accompanied by a significant decrease of DAS 28 index, as well as by the 
reduction of endothelial vasomotor dysfunction signs. Both groups of RF/CCPA-negative patients, regardless of a therapeutic intervention type, 
were found to have the increase of occlusion index in amplitude up to the control values; as compared with the baseline values, the phase shift 
between the channels increased on average by 1.5 times (p=0.008) during infliximab use, and during rituximab treatment it grew by 1.6 times 
(p=0.024). In RF/CCPA-positive RA occlusion index in amplitude increased by 23.5% (p=0.005) after infliximab therapy and by 48.8% (p=0.001) 
during rituximab treatment; the value of phase shift between the channels increased on average by 1.3 times (p=0.028) in RA patients receiving 
infliximab, while in a group of patients taking rituximab this value was no different from that in the control group.

Conclusion. genetically engineered biologic drug therapy, along with its high anti-inflammatory activity, produces a vasoprotective effect 
characterized by improved endothelial functional state in the system of small resistive vessels as well as in large muscular arteries. The higher 
activity of rituximab endothelial protective effect is achieved in RF/CCPA-positive disease subtype, and the use of infliximab has the greater 
effect on endothelial function in RF/CCPA-negative RA.
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Currently, an important aspect of rheumatoid arthritis 
(RA) therapy is the problem of cardiovascular pathology 
due to early development and rapid progression of an 
arterial sclerotic disease, which is the most common 
comorbidity in RA patients [1, 2]. The research findings 
show the manifestations of clinical atherosclerosis 
to be found in about 20–25% RA patients [3, 4], while 
subclinical manifestations are revealed in 35–50% 
patients [5–7], it enables to consider cardiovascular 
diseases as extraarticular RA manifestations. Thus, 
atherosclerosis serves as a predictor of unfavorable 
prognosis, and determines high risk of early death [8].

The mechanisms of accelerated development of 
atherosclerosis in RA have not been determined yet. 
Activity of autoimmune inflammation in RA is being 
discussed as one of possible causes, and considered 

as the earliest, and therefore, potentially reversible 
mechanism of endothelial dysfunction, a factor initiating 
atherogenic processes preceding the formation of 
macroscopic morphological alteration in arterial walls. 
Therefore, it is of primary importance to identify the 
predictors of endothelial dysfunction development 
and progression at micro- and macrocirculation 
levels that determines the necessity for developing a 
common concept of cardiovascular morbidity control 
and prevention taking into consideration individual RA 
characteristics. In this view, the priority area of current 
research is the study of vasoprotective effects of baseline 
anti-inflammatory therapy including recently brought into 
actual clinical practice a group of monoclonal antibodies 
and recombinant proteins, the so called genetically 
engineered biologic drugs (GEBD), primarily, infliximab 
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and rituximab shown as highly effective drugs to reduce 
the disease activity and radiographic signs of progressive 
joint disease in RA [9].

The aim of the investigation was to evaluate the 
impact of genetically engineered biologic drugs — 
infliximab and rituximab — on endothelium functional 
state in patients with rheumatoid arthritis without any 
concomitant cardiovascular diseases.

Materials and Methods. The study was carried out 
in accordance with the declaration of Helsinki (adopted 
in June, 1964 (Helsinki, Finland) and revised in October, 
2000 (Edinburg, scotland)) and approved by the Ethics 
Committee of Kursk state medical University. All patients 
gave their written informed consent.

The study involved 77 patients with a definite RA 
diagnosis in accordance with ACR (1987) and/or ACR/
EUlAR (2010) classification criteria.

Inclusion criteria were the following: the age from 18 
to 50 years; not exceeding two-year past time duration 
of RA; active RA for the last 3 months; DAs 28 (disease 
activity score of RA) as of the time of study involvement 
being 3.2 scores and higher; preserved capability to 
self care; the use of any basic anti-inflammatory drugs 
for the last 3 months before the study initiation; the 
administration of methotrexat at a stable dose (15–
20 mg a week) for minimum 8 weeks before a screening 
period; the lack of an effect (3 months later) and/or 

the impossibility to achieve remission (6 months later) 
against the background of baseline anti-inflammatory 
therapy at optimal doses.

Exclusion criteria were as follows: low RA activity (DAs 
28 being less than 3.2 scores); comorbid cardiovascular 
pathology (arterial hypertension, any forms of coronary 
heart disease, chronic heart failure), diabetes mellitus, 
renal (creatinine level being more than 133 μmol/l) and 
hepatic diseases (three times and more exceeding levels 
of AsT, AlT, bilirubin), obesity (body mass index being 
over 30 kg/m2); glucocorticosteroid (GCs) intraarticular 
injections less than 4 weeks before randomization; 
intake of prednisolone or its equivalents at the dose of 
over 20 mg a day; any malignancies including those in  
past medical history.

Females prevailed among the patients (n=54). 65% 
patients (n=50) had extraarticular RA manifestations, the 
most common among them were: rheumatoid nodules 
(n=38), amyotrophic syndrome (n=34), anemia (n=23), 
peripheral neuropathy (n=6) and capillarites (n=7). most 
RA patients (n=63) before being involved in the study 
had been given methotrexat (15.0–20.0 mg a week) 
as baseline anti-inflammatory therapy, 42 patients 
were administered systemic GCs. Family history of 
15 RA patients involved in the study was burdened by 
cardiovascular diseases, they had moderate (n=46) or 
low (n=16) cardiovascular risk according to sCORE.

The Use of Genetically Engineered Biologic Drugs in Patients with Rheumatoid Arthritis

Characteristic of the groups at the time of involvement in the study (Me [25; 75])

Index
Group 1  

(n=20) — infliximab
Group 2  

(n=17) — rituximab
Group 3  

(n=18) — infliximab
Group 4  

(n=22) — rituximab
р

Age (years) 39.4 [31.6; 49.1] 34.5 [28.1; 48.5] 38.6 [32.1; 47.8] 40.1 [36.8; 47.3] 0.052

Smoking (abs. number) 6 4 5 3 0.4

AH, CHD, DM burdened past history  
(abs. number)

 
5

 
3

 
3

 
4

 
0.6

Total cholesterol (mmol/L) 4.2 [3.7; 5.1] 3.8 [3.6; 5.3] 4.8 [3.1; 5.3] 3.9 [3.6; 5.5] 0.17

HDL (mmol/L) 1.62 [1.30; 1.72] 1.48 [1.23; 1.80] 1.51 [1.40; 1.69] 1.58 [1.20; 1.91] 0.25

LDL (mmol/L) 2.4 [2.29; 3.14] 2.5 [2.1; 3.4] 2.6 [2.18; 2.96] 2.8 [2.1; 3.2] 0.15

Atherogenic index (standard units) 2.8 [1.6; 3.4] 2.6 [1.7; 3.3] 2.2 [1.3; 3.6] 2.5 [1.9; 3.1] 0.09

Rheumatoid arthritis duration (months) 16.8 [10.9; 22.3] 17.4 [12.6; 20.9] 13.8 [10.1; 18.3] 15.1 [9.3; 21.8] 0.16

NDJ 28 13.8 [12.3; 17.1] 12.7 [10.1; 16.3] 13.1 [11.3; 15.9] 14.2 [11.9; 17.3] 0.32

NSJ 28 13.1 [10.2; 15.9] 12.8 [9.8; 14.6] 14.2 [11.3; 15.3] 13.7 [10.1; 16.8] 0.8

Pain according to VAS (mm) 59.2 [51.8; 68.1] 61.3 [48.0; 66.9] 55.7 [50.3; 67.8] 60.4 [51.0; 70.1] 0.22

Morning stiffness (min) 91.6 [86.4; 142.3] 99.8 [76.81; 128.10] 96.4 [100.8; 132.6] 100.8 [89.8; 124.7] 0.69

DAS 28 (scores) 5.42 [5.0; 6.9] 5.27 [4.8; 6.6] 5.8 [4.60; 6.48] 5.7 [4.44; 6.70] 0.84

ESR (mm/h) 41.3 [28.3; 48.4] 34.9 [31.6; 48.8] 36.3 [33.8; 51.4] 38.9 [29.3; 46.1] 0.39

CRP (mg/ml) 17.1 [15.3; 27.4] 16.9 [13.9; 28.1] 18.5 [16.7; 26.8] 20.3 [14.6; 25.3] 0.44

R-stage according to Steinbrocker: I/II/III/IV 
(abs. number)

 
1/10/9/0

 
0/7/10/0

 
1/8/9/0

 
1/10/11/0

 
0.56

Functional class: I/II/III/IV (abs. number) 4/15/1/0 2/14/1/0 5/11/2/0 5/16/1/0 0.4

N o t e. AH: arterial hypertension; CHD: coronary heart disease; Dm: diabetes mellitus; HDl and lDl: high- and low-density 
lipoproteins; NDJ: number of diseased joints; NsJ: number of swollen joints; DAs: disease activity score; EsR: erythrocyte 
sedimentation rate; CRP: С-reactive protein.
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Based on an immunological subtype and the type 
of therapeutic intervention all RA patients were divided 
into 4 groups: group 1 consisting of RF/CCPA-negative 
(rheumatoid factor/cyclic citrullinated peptide antibodies) 
patients given infliximab (n=20); group 2 including 
RF/CCPA-negative patients administered rituximab 
(n=17); RF/CCPA-positive patients given infliximab 
(n=18) comprised group 3; and group 4 consisted of 
RF/CCPA-positive patients taking rituximab (n=22). The 
groups are characterized in the Table.

Infliximab was administered at a dose of 3 mg/kg 
according to the following recommended treatment 
regimen: 0, after 2, 4, 6 weeks; followed by the intake 
of every 8 weeks in the course of 12 months. Rituximab 
was given according to the recommended regimen: 
1,000 mg intravenously by drop infusion (within 5–6 h) 
when involved in the study, 2 weeks later, and then 6 
months later the course was repeated (total 4 infusions). 
All patients under study before and after GEBD therapy 
were administered a stable dose of methotrexat (12.5–
15.0 mg a week). If a patient when involved in the 
study was administered GCs at a dose calculated as 
prednisolone not exceeding 15 mg a day, GCs intake 
was continued.

The intervention efficiency analysis was based on 
intermediate “surrogate” criteria. To assess clinical 
efficiency of the therapy we used EUlAR criteria based 
on DAs 28 index changes [1].

A control group involved 46 healthy subjects aged 
38.6 [32.1; 47.8] years (among them there were 39 
females (84.7%) and 7 males (15.3%)).

Initially and after 12-month therapy all RA patients were 
examined in accordance with Russian Rheumatology 
Association recommendations [1].

Endothelial function study included reactive hyperemia 
test on Angioscan-01 device (Angioscan-Electronics, 
Russia) according to the recommended requirements 
for the test execution [10]. Based on the test findings we 
twice assessed the endothelial function in small resistive 
(occlusion index in amplitude) and large muscular (phase 
shift between the channels) arteries: initially (before 
therapy) and after 12-months GEBD therapy.

Digital data were statistically processed using a 
software package microsoft Еxcel and statistica 6.0. 
Distribution pattern of variants was determined by 
Kolmogorv–smirnov criterion, total variance equation 
was controlled by F-test. The results were represented 
as a median (me) with an interquartile range (25Q; 75Q). 
To determine the significance of differences between 
the groups we used nonparametric dispersion analysis 
(ANOVA) by Kruska–Wallis test (for independent 
groups) Wilcoxon criterion (for dependent groups). The 
correlation between the parameters under study was 
analyzed using spearman rank correlation analysis (r). 
In all statistical analysis procedures p=0.05 was taken for 
a critical significance level of null statistical hypothesis.

Results and Discussion. The study revealed 

the signs of micro- and macrocirculatory endothelial 
dysfunction in RA patients. RF/CCPA-positive patients 
were found to have initially more marked changes of 
vasomotor endothelial function, their occlusion index 
in amplitude and the value of phase shift between 
the channels being lower than those of controls on 
average by 1.8 (p=0.024) and by 2.8 times (p=0.001), 
respectively. RF/CCPA-negative patients appeared to 
have the decrease of an occlusion index in amplitude 
on average by 34.5% (p=0.004) and the reduction of a 
phase shift value between the channels on average by 
42.6% (p=0.01) compared to the control.

The correlation analysis revealed the correlation 
between the value of occlusion index in amplitude, 
the phase shift in channels and RA duration (r=–0.53, 
p=0.01; r=–0.42, p=0.022, respectively) and DAs 28 
index value (r=–0.68, p=0.01; r=–0.39, p=0.002). There 
were found the correlations between serum concentration 
of RF, CCPA Igm and 1) an occlusion index in amplitude 
(r=–0.52, p=0.01; r=–0.48, p=0.003), as well as 2) the 
value of phase shift between the channels (r=–0.58, 
p=0.001; r=–0.54, p=0.02). The findings indicate the 
contribution of disease-associated factors (activity 
and duration of chronic immune inflammatory process, 
RF, CCPA Igm seropositivity) in the mechanisms of 
endothelial dysfunction formation and progression  
in RA.

Noninvasive assessment of endothelial function at 
micro- and macrocirculatory level was performed in 
accordance with current research trends in a cohort 
of young and middle-aged RA patients without clinical 
manifestations of cardiovascular diseases [11, 12]. The 
resulting data are in agreement with the findings of most 
previously reported studies: they showed the presence 
of vasoregulating endothelial dysfunction in RA patients 
[5–7, 13] including that in the onset of the disease [14], 
as well as in young patients with a low activity level of an 
immune inflammatory process [15].

Comparative analysis of GEBD clinical efficiency 
and their effect on detected vasomotor endothelial 
dysfunction in RA patients showed the following results: 
all RA patients had decreased DAs 28 index starting with 
the 6th week of therapy; by the end of the follow-up 76% 
patients taking infliximab and 77% patients administered 
rituximab reached clinical improvement (a good/moderate 
effect according to EUlAR criteria) (Figure 1). In addition, 
infliximab therapy showed higher efficiency in RF/CCPA-
negative patients (group 1), while rituximab administration 
was accompanied by higher clinical efficiency in RF/
CCPA-positive patients (group 4) that is in agreement 
with the findings of other authors [9, 16, 17].

The analysis of changes in an occlusion index in 
amplitude in RF/CCPA-negative patients against the 
background of a 12-month-therapy showed the index to 
increase up to its values in the controls in both groups 
(groups 1 and 2) regardless of the therapy administered 
(Figure 2 (а)). The findings indicate the recovered 
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endothelial function in microcirculation of patients 
that can be due to the resolution of disease-mediated 
inflammation of a vessel wall. In addition, this group of 
RA patients after infliximab and rituximab therapy were 

found to have an increased value of phase shift between 
the channels compared to initial values on average by 
1.5 (p=0.008) and 1.6 times (p=0.024), respectively 
(Figure 2 (b)).

Figure 1. Asessment of rheumatoid arthritis therapy efficiency according to EUlAR criteria
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Group 3 (n=18);                   Group 4 (n=22)
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Figure 2. Dynamics of an occlusion index in amplitude (а) and a value of phase shift between the channels (b) after 12-month 
therapy in RF/CCPA-negative patients with rheumatoid patients (groups 1 and 2)
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RF/CCPA-positive patients were also found to have 
an improved functional state of vascular endothelium 
manifested by the increase of an occlusion index in 
amplitude by 23.5% (p=0.005) after infliximab therapy, 
and by 48.8% (p=0.001) against the background of 
rituximab administration (Figure 3 (а)). moreover, RA 
patients given infliximab appeared to have an increase 
of phase shift between the channels on average by 1.3 
times (p=0.028), however, the value was lower by 18.2% 
(p=0.03) compared to the control (Figure 3 (b)). After 
rituximab therapy the value of phase shift between the 
channels reached the control value, the initial one being 
lower compared to that in RF/CCPA-negative patients.

The results obtained indicate that alongside with high 
anti-inflammatory activity the administration of infliximab 
and rituximab in RA patients without cardiovascular 
pathology is accompanied by a reduced number 
of vasomotor endothelial dysfunction signs in the 
system of small resistive vessels and large muscular 
arteries. moreover, the efficiency of these drugs differs 
significantly in RA patients depending on a clinico-
immunologic type of the disease. Rituximab showed a 
higher activity of an anti-inflammatory and vasoprotective 

effect in RF/CCPA-positive RA; while infliximab had the 
more significant corrective effect on activity indices of 
immune inflammation and endothelial dysfunction in 
RF/CCPA-negative patients.

It should be noted that there are few researches 
carried out on the problem so far, and their results 
are rather contradictory. A number of studies [18–20] 
concerned with the assessment of anti-TNF-α effect 
on endothelial function in RA showed that infliximab is 
able to improve endothelium-dependent vasodilatation 
and have no effect on endothelium-independent 
vasodilatation; moreover, a positive effect of the drug on 
endothelial dysfunction appears to be short-term. At the 
same time, according to some researches carried out in 
Research Institute of Rheumatology, Russian Academy 
of medical sciences, the decrease of the disease activity 
results in no change of flow-dependent vasodilatation in 
this category of patients [9]. The findings on the effect 
of anti-B-cell therapy on vasoregulating endothelial 
function are few and preliminary. Rituximab therapy 
has been shown to be associated with the increase of 
flow-dependent vasodilatation in RA patients against 
the background of a decreased level of CRP, DAs 28, 
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Figure 3. Dynamics of an occlusion index in amplitude (а) and a value of phase shift between the channels (b) after 12-month 
therapy in RF/CCPA-positive patients with rheumatoid patients (groups 3 and 4)
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the reduction of triglycerides and growth of high-density 
lipoprotein cholesterol [21–23].

The current contradictions in the assessment of 
GEBD vasoprotective effects can be due to a number of 
confounding factors including: errors in selecting patients 
(insufficient number of follow-ups, lack of randomization, 
etc.), insufficient duration of a follow-up period, and the 
most important thing are involved in the study patients 
with a wide range of concomitant cardiovascular diseases. 
One of the causes explaining the current situation is that 
for the first years of GEBD use in clinical practice, their 
clinical efficiency was primarily studied, while their other 
properties remained unstudied. All the above determines 
further studies, which will enable to estimate the GEBD 
therapy effect on endothelial function in RA.

Conclusion. Revealed signs of endothelial 
dysfunction in patients with rheumatoid arthritis without 
concomitant cardiovascular diseases prove the feasibility 
of implementation of noninvasive endothelial functional 
state assessment for early diagnosis, determining 
high cardiovascular risk patient groups, and as one of 
the therapy efficiency factor. Our results show a long-
term therapy of genetically engineered biologic drugs 
has a corrective effect on endothelial functional state 
at micro- and macro-vascular levels (in the system of 
small resistive vessels and in large muscular arteries). 
High activity of rituximab endothelio-protective effect is 
achieved in RF/CCPA-positive subtype disease, while 
infliximab therapy is more effective for endothelial 
function in RF/CCPA-negative RA. The study findings 
increase the knowledge on a therapeutic spectrum of the 
drugs that opens the possibilities for cardiovascular risk 
control and improve a prognosis in rheumatoid arthritis.

Study Funding. The study was carried out in 
accordance with a research plan of Kursk state medical 
University (state registration number 01201279989).
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