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ABSTRACT

Aim. To determine the prognostic significance of systemic inflammatory indices for the development of carotid

artery (CA) atherosclerosis in patients with rheumatoid arthritis (RA).

Materials and methods. A single-center, observational, cross-sectional study was conducted, which included 52
male and female patients with RA. The average age of the study participants was 59.5 + 6.7 years. All patients
underwent carotid duplex ultrasound. The intima — media thickness was recorded at > 0.9 mm. A hemodynamically
significant atherosclerotic plaque (AP) was considered to be a CA thickening of more than 50% compared to
adjacent tissues. Based on the complete blood count data, the systemic inflammatory response index (SIRI), the
aggregate index of systemic inflammation (AISI), the systemic immune — inflammation index (SII), the neutrophil-
to-lymphocyte ratio (NLR), the lymphocyte-to-monocyte ratio (LMR), the platelet-to-lymphocyte ratio (PLR), and
the Reis leukocyte index of intoxication were calculated. Binary logistic regression was used to develop a prognostic

model.

Results. Based on the results of the carotid duplex ultrasound, the patients were divided into 2 groups: 32 patients
(61.5%) with the presence of AP in the CA and 20 patients (38.5%) without AP. Patients with AP in the CA had
higher values of NLR, SII, SIRI, and the Reis leukocyte index of intoxication. During the study, threshold values
for these indices were determined, and a prognostic model for the probability of developing atherosclerosis of the
CA in patients with RA was developed, in which the predictors were the values of the Reis index, SIRI, low-density

lipoproteins, and age.

Conclusion. In RA, high activity of systemic inflammation is associated with the development of atherosclerotic
arterial lesions, which should be taken into account when determining the tactics of managing these patients.
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PE3IOME

Henab. OnpenenuTs IPOrHOCTHYECKYHO 3HAUMMOCTh CHCTEMHBIX BOCTIATMTEIbHBIX HHACKCOB JUIS PA3BUTHS aTepo-
cKJepo3a COHHBIX apTepuil (CA) y MalMEeHTOB ¢ PeBMATOUIHBIM apTpuToM (PA).

Marepuajbl 1 MeToIbI. [IpoBeIcHO OHOLIEHTPOBOE 00CEPBAI[MOHHOE KPOCC-CEKLIHOHHOE MCCIIEIOBAHUE, B KO-
Topoe ObUIH BKJIIOYEHBI 52 manuenTa ¢ PA. Cpennuil Bo3pacT y4acTHHKOB cocTaBuia 59,5 + 6,7 et. Becem maruen-
TaM BBINOJHEHO YIbTpa3BykoBoe aymiekcHoe ckanuposanue (Y3/1C) CA. YTomneHne KoMIiekca HHTUMa-Meina
¢uxcupoBanu npu 3HaueHusx 0,9 MM u Goree. 3a reMOJMHAMHUYECKH 3HAUUMYIO aTePOCKICPOTUUECKYIO OJISIIKY
(ACB) npunumanu yronuenue CA ceire 50% B cpaBHEHUH ¢ Oau3JIexauMu TkausiMu. [IpoBeneH aHanus Ha-
n4us PaKTOPOB PHCKA CePlIeUHO-COCYAUCTHIX 3aboneBanuii. Ha ocHOBaHMM JaHHBIX 00LIEro aHanu3a KpoBH pac-
CUMTBIBAJIN MHJIEKC CUCTEMHOTr0 BocnanuTensHoro oreera (SIRI), coBOKyNHBINA HHAEGKC CHCTEMHOTO BOCIIAJICHUS
(AISI), nnnexc cucremuoro Bocnanenus (SII), veiitpodunpHo-mumdonurapHoe coornomenue (NLR), numdornu-
To-MoHouuTapHoe cootHoureHre (LMR), tpombonmnTapro-nmumbormrapaoe cootHomenue (PLR), a taxoke numexce
Peiica. [{ns pa3paboTKH IPOrHOCTUYECKOI MOJIENHN UCIIOIBb30BaH METOI OMHAPHOI JIOTHCTHYECKON Perpeccuu.

PesyabTatsl. [lo pesynpratam Y3JIC CA nanmeHTHl OBUTH pa3lelicHbl Ha JBe rpynmbl: 32 marmenTa (61,5%) c
nammareM ACB B CA u 20 manmenToB (38,5%) 6e3 ACB. IManuents ¢ Hammunem ACB B CA nmenn Gosiee BBI-
cokue 3Hayenust NLR, SII, SIRI, unnekca Peiica. B xone uccnenoBanus onpeaeneHbl MOpOroBble 3HAUCHUS IS
JTAaHHBIX MH/IEKCOB, a TaKoKe pa3pabdoTaHa MPOrHOCTUYECKAs MOJEb BEPOSTHOCTH pa3BUTHS arepockiepo3a CA
y nanueHTos ¢ PA, B KoTopoil IpeAUKTOpaMu SABJISUIMCH 3HaueHUs uHpaekca Pelica, SIRI, nunonpoTrenasl HU3KOH
IUIOTHOCTY U BO3pacT.

3akaouyenne. [Ipu PA BeICOKast akTHBHOCTh CHCTEMHOTO BOCHAJICHHSI ACCOIIMMPOBAHA C PA3BUTHEM aT€POCKIEPO-
THYECKOTO TTOPaKEHHSI apTePHii, 4TO CIIeAyeT yIUTHIBATh IPU pa3pabOTKe TAKTHKY BEJCHHS JAHHBIX IAI[HEHTOB.

KiroueBble ci10Ba: peBMaTOUIHBIN apTpuT, atepockiepos, NLR, SIRI, SII, cucteMHoe BocnaneHue

Konpaukt uaTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(OJINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIMEH HACTOSIICH CTaThH.

HcTounuk puHAHCHPOBAHHUS. ABTOPEI 3asIBISIIOT 00 OTCYTCTBHU HCTOYHUKA (PHHAHCHPOBAHUS IIPH TIPOBEICHUH
HCCIICIOBAHUSL.

CooTBeTCTBHE NPHHIMIAM ITHKH. Bce manueHTs! noanucanit MHGPOPMHUPOBAHHOE COTJIacCHe Ha ydacTHe B HC-
creoBaHKH. MceeoBaHie 0J00pEHO JIOKAIbHBIM 3THYCCKUM KOMUTETOM HaljoHaIbHOTO MEJHUIIMHCKOTO HC-
CIIeZIOBATEIHCKOTO LIEHTPA TPABMATOJIOTHH M OPTOIIeINH UM. akafgemuka [.A. nu3saposa (mpoTokon Ne 1 (76) ot
29.11.2024).

Jast uurupoBanus: Kononsixun A.A., XKnanosa E.B. Poib cucTeMHBIX BOCHATUTENBHBIX HHAEKCOB B IPOTHO-
3UPOBAHHUU aTEPOCKIIEPO3a COHHBIX apTEpUil y MAIMCHTOB C PEBMATOUIHBIM apTPUTOM. Broiiemenb cubupckoul
meouyunvl. 2026;25(2):49-57. https://doi.org/10.20538/1682-0363-2026-2-49-57.
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INTRODUCTION

Rheumatoid arthritis (RA) 1is a chronic
autoimmune disease that affects joints and internal
organs [1]. In 2020, there were over 17.6 million
patients with RA worldwide, and the prevalence of
the disease was 208.8 cases per 100,000 population,
which is 14.1% more than in 1990. According to
projections, by 2050, the global prevalence of RA
will reach 31.7 million [2]. The prevalence of RA in
the Russian Federation is 0.61% [3].

Patients with RA have an increased
cardiovascular risk (CVR), which significantly
contributes to overall cardiovascular mortality. This
is primarily due to systemic inflammation, which
is an independent factor in the development and
progression of atherosclerosis. According to the
World Health Organization, cardiovascular diseases
(CVD) annually cause 17.9 million (32%) of all
deaths worldwide [3]. Acute myocardial infarction
(AMI) and stroke, which are most often caused by
atherosclerosis, are the most significant causes of
cardiovascular mortality [4].

The presence of atherosclerotic plaques (AP)
in the carotid arteries (CA) is known to be a risk
factor for ischemic stroke. According to the data of
a systematic review and meta-analysis conducted by
P. Ambrosino et al., patients with RA had higher
values of the intima-media thickness (IMT) of the
CA based on the results of carotid duplex ultrasound
and also more often AP were detected in the CA
(odds ratio (OR): 3.57; 95% confidence interval
(95% CI): 1.69, 7.51; p = 0.0008) compared to the
general population [5]. D.A. Galarza-Delgado et
al. indicate that in RA, AP in the CA are formed
more often than in the general population (30.0%
versus 11.7%, p = 0.013), while bilateral AP are also
detected significantly more often (8.3% versus 3.3%,
p=0.008) [6]. According to data from various studies
in the Russian cohort, AP in the CA were detected
in 59.5% (L.N. Eliseeva et al.) [7], 77% (O.A.
Fomicheva et al.) [8], and 11% (E.V. Gerasimova et
al.) of patients with RA [9].

The development and progression of athero-
sclerotic arterial lesions in RA are largely determined
by the influence of systemic inflammation. Increased
production of interleukin-1 (IL-1), IL-6, and tumor
necrosis factor alpha (TNFa) in RA induces the
expression of adhesion molecules (vascular cell
adhesion molecule 1 (VCAM-1), intercellular

adhesion molecule 1 (ICAM-1), and E-selectin) on
the surface of CA endothelial cells, which leads
to a decrease in the production and bioavailability
of nitric oxide (NO), an increase in the synthesis
of endothelin-1, and hyperproduction of reactive
oxygen species, contributing to increased oxidative
stress and endothelial activation [10]. In addition,
TNFa and IL-6 suppress the activity of lipoprotein
lipase and lecithin cholesterol acyltransferase, which
contributes to the formation of a proatherogenic
lipid profile in RA, the development of oxidative
modifications of low-density lipoproteins (LDL),
and an increase in the production of dysfunctional
high-density lipoproteins (HDL), leading to the
progression of atherosclerotic lesions of the CA [11,
12]. Under conditions of systemic inflammation in
RA, T-lymphocytes and monocytes are activated,
which, under the influence of VCAM-1 and ICAM-
1, migrate to the CA intima and infiltrate the AP,
where they contribute to increased expression of
proinflammatory cytokines and the development of
AP instability [13].

The significant influence of inflammation on
the development of carotid atherosclerosis and
the contribution of the latter to the increase in
CVR in patients with RA determine the special
clinical significance of the search for predictors
of this vascular lesion, which can be considered
as systemic inflammatory indices based on the
indicators of a complete blood count: the systemic
inflammatory response index (SIRI), the aggregate
index of systemic inflammation (AISI), the systemic
immune — inflammation index (SII), the neutrophil-
to-lymphocyte ratio (NLR), the lymphocyte-to-
monocyte ratio (LMR), the platelet-to-lymphocyte
ratio (PLR), the Reis leukocyte index of intoxication.
Currently, the possibility of using systemic
inflammatory indices in predicting atherosclerosis
and CVR is being actively studied worldwide [14].

The aim of the study was to determine the
prognostic significance of systemic inflammatory
indices for the development of CA atherosclerosis in
patients with RA.

MATERIALS AND METHODS

A single-center, observational, cross-sectional
study was conducted, including 52 male and female
patients (mean age 59.5 + 6.7 years) with RA.
Inclusion criteria were as follows: age from 35 to
75 years; RA diagnosis established in accordance
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with the criteria of the American College of
Rheumatology/European Alliance of Associations
for Rheumatology (ACR/EULAR). Patients meeting
one of the following criteria were excluded from
the study: coronary artery disease (CAD), chronic
heart failure, acute or exacerbated chronic infection,
cancer or history of cancer, and type 1 or type 2
diabetes mellitus. Patients underwent a general
clinical examination in accordance with the 2024
Clinical Guidelines for Rheumatoid Arthritis of
the Russian Association of Rheumatologists. All
patients received basic anti-inflammatory therapy
with one of the following medications: methotrexate,
sulfasalazine, or leflunomide.

A carotid duplex ultrasound was performed
for all patients by a single specialist — a functional
diagnostics doctor — once during inpatient treatment
in a specialized Rheumatology Unit. The carotid
duplex ultrasound was performed using a Samsung
RS85 ultrasound machine (South Korea). The linear
transducer used in the study emitted a frequency
of 7.5 MHz. The IMT of the CA was measured in
mm at three points: the first point is the area of the
general CA at a distance of 10 mm from the bulb; the
second point is 5-10 mm cranial to the beginning of
the bulb; the third point is the internal CA, 10 mm
after the bifurcation on both sides. The maximum
values of the IMT obtained during the study were
analyzed. IMT was recorded at values of 0.9 mm
or more. A hemodynamically significant AP was
defined as a CA thickening over 50% compared to
adjacent tissues [15, 16].

Total  cholesterol (TC) was  analyzed
enzymatically, LDL and HDL were analyzed
using a direct enzymatic colorimetric method, and
triglycerides (TG) were analyzed using an enzymatic
colorimetric method. A complete blood count was
performed on a MINDRAY BC-6000 hematology
analyzer (China). The erythrocyte sedimentation
rate (ESR) was determined using the Westergren
method. C-reactive protein (CRP) and IgM
rheumatoid factor (RF) levels were analyzed using
an immunoturbidimetric method on an ILab Taurus
automated biochemical analyzer (USA). An enzyme-
linked immunosorbent assay was used to determine
the concentration of antibodies to cyclic citrullinated
peptide (anti-CCP) in the serum.

Systemic inflammatory indices were calculated
using the following formulas: SIRI = neutrophils x

monocytes / lymphocytes [17]; AISI = neutrophils
x monocytes x platelets / lymphocytes [18]; SII =
neutrophils x platelets / lymphocytes [19]; NLR =
neutrophils / lymphocytes [20]; PLR = platelets /
lymphocytes [20]; LMR = lymphocytes / monocytes
[21]; Reis index = (myelocytes + metamyelocytes
+ band neutrophils + segmented neutrophils) /
(monocytes + lymphocytes + eosinophils) [22].
Absolute values of the number of formed elements
in the blood were used for the calculation.

Microsoft Excel was used to create the study
database. Statistical analysis was performed using
STATISTICA 9 (StatSoft, USA). The normality of
distribution of quantitative variables was assessed
using the Shapiro — Wilk test, as well as analysis
of the asymmetry and kurtosis coefficients. Data
corresponding to anormal distribution were presented
as the arithmetic mean (M) and standard deviation
(SD). Indicators with a distribution different from
the normal one were described using the median
and interquartile range, Me [Q,; Q,]. Categorical
variables were described as absolute values () and
percentages (%).

Comparison of two independent groups for a
quantitative indicator, the distribution of which in
each of the groups corresponded to the normal one,
under the condition of equal variances was performed
using Student’s #-test; in case of unequal variances,
Welch’s #-test was used. A comparison of two
independent groups based on quantitative variables
with non-normal distributions was performed using
the non-parametric Mann — Whitney U-test. ROC
analysis was used to assess the predictive value and
discriminatory ability of quantitative variables for the
target outcome. Classification quality was assessed
based on the area under the ROC curve (AUC) with
a 95% confidence interval. The cutoff value of the
quantitative variable was determined by the highest
value of the Youden’s index. A predictive model for
the probability of a specific outcome was constructed
using logistic regression. Statistical significance of
differences was determined at a significance level of
p <0.05.

RESULTS

Based on carotid duplex ultrasound data, all
patients were divided into two groups: those with CA
AP (n=32; 61.5%) and those without them (n = 20;
38.5%). Patients in the study groups did not differ in
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gender, age, disease duration and stage, CVD risk
factors, or the proportion of patients receiving statins
and glucocorticosteroids. No significant differences
in lipid profile parameters were found between
the patient groups. The presence of CA AP was
statistically significantly more often associated with
anti-CCP status and higher ESR and CRP values
(Table 1). Systemic inflammation indices were

higher in the presence of CA AP, while NLR, SII,
SIRI, and Reis index values also differed statistically
significantly (Table 2).

As a result of the ROC analysis conducted to
assess the risk of the formation of AP in the CA,
the threshold values of the studied indices of
systemic inflammation were determined (Table 3,

Figure).

Table 1
Comparative Characteristics of Patients with and without Carotid Artery Atherosclerosis
Indicator Patients with the presence of AP in Patients without AP in the
the carotid arteries (n = 32) carotid arteries (n = 20) P

Age, years, M = SD 60.4+6.5 58.6+7.1 0.06
Gender (male), n (%) 9 (28.1) 6 (30) 0.07
Duration of disease, years, Me [Q; O.] 11.9[7.4;14.3] 10.8 [6.1; 13.9] 0.21
Disease stage, early/advanced/late, n (%) 5(15.6) /11 (34.4)/ 16 (50) 3(15)/3(15)/14(70) 0.19
Positive RF, n (%) 25 (78.1) 16 (80) 0.44
Positive anti-CCP, n (%) 23 (71.8) 13 (65) 0.03
Hypertension, n (%) 14 (43.8) 8 (40) 0.29
Statin therapy, n (%) 15 (46.9) 9 (45) 0.36
Atorvastatin, n (%) 8(295) 6 (30) 0.08
Average dose, mg, M + SD 26.25+8.5 20+6.5 0.25
Rosuvastatin, n (%) 7(21.9) 3 (15) 0.07
Average dose, mg, M + SD 10.7£3.5 13.3+4.2 0.23
Glucocorticosteroid therapy, n (%) 6 (18.8) 3(15) 0.22
Smoking, n (%) 7(21.8) 4 (20) 0.17
Family history of CVD, n (%) 6 (18.8) 5(25) 0.06
Antirheumatic therapy:

Methotrexate 15 (46.8) 9 (45) 0.54
Leflunomide 8(25) 6 (30) 0.19
Sulfasalazine, n (%) 9(28.2) 5(25) 0.12
TC, mmol/l, M + SD 5.21+£1.22 5.03+£0.98 0.11
LDL, mmol/l, Me [Q; O.] 3.31[2.2;3.98] 3.12[2.11; 3.77] 0.09
HDL, mmol/l, Me [Q; O,] 0.89 [0.68; 1.01] 0.78 [0.65; 0.99] 0.078
TG, mmol/l, M + SD 1.7740.33 1.71+£0.41 0.15
ESR, mm/h, Me [Q; O,] 27[22; 31] 20 [16; 25] 0.03
CRP, mg/l, M + SD 6.28+1.17 3.22+1.12 0.02

Note. AP —atherosclerotic plaque; RF — rheumatoid factor; anti-CCP — antibodies to cyclic citrullinated peptide; CVD — cardiovascular disease;
TC —total cholesterol; LDL — low-density lipoprotein; HDL — high-density lipoprotein; TG — triglycerides; ESR — erythrocyte sedimentation rate;
CRP - C-reactive protein; p — level of statistical significance of differences.

Table 2
Values of Systemic Inflammation Indices in Patients with and without Carotid Artery Atherosclerosis, Me [Q,; O]

Index Patients with the presence of AP in the carotid arteries (n = 32) | Patients without AP in the carotid arteries (n = 20) P
NLR 2.31[1.72; 3.59] 1.48[1.21;2.21] 0.01
LMR 4.78 [2.9; 6.1] 4.01[2.76; 5.8] 0.17
PLR 178.9 [129.7; 213.24] 159 [109.3; 179.9] 0.29
Reis index 1.64 [1.21;2.11] 1.26 [1.11; 1.43] 0.002
S1I 794.2 [440.5; 1,090.8] 411.11 [360.06; 582.93] 0.004
SIRI 1.3510.77; 1.57] 0.74 [0.53; 0.89] 0.01
AISI 255.31199.1; 279.2] 219.8 [165;231.5] 0.059

Note. AP — atherosclerotic plaque; LMR — lymphocyte-monocyte ratio; PLR — platelet-lymphocyte ratio; NLR — neutrophil-lymphocyte ratio;
SII - systemic immune-inflammation index; SIRI — systemic inflammatory response index; AISI — aggregate inflammation systemic index; p — level

of statistical significance of differences.
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Table 3

Results of ROC Analysis for Determining Threshold Values
of Systemic Inflammatory Indices Associated with the Presence

of AP in the CA
fndex | reshold | ye Tose crforauc|  p
value
NLR >1.756 0.754 0.583-0.926 0.029
SIT >585.29 0.751 0.577-0.926 0.021
SIRI >1.04 0.768 0.599-0.937 0.022
AISI >247.4 0.699 0.577-0.874 0.032
Reys index >1.57 0.791 0.698-0.897 0.007

Note. AUC — area under the curve.

As a result of the analysis conducted using
binary logistic regression, a prognostic model was
developed for assessing the risk of AP formation in
the CA in patients with RA. The model includes a set
of independent predictors statistically significantly

NLR
1.00 - 1.00+

o
9
G
e
25
G

Sensitivity
=3
@
=3
Sensitivity
(=]
3
(=]

Value: >1.756
Sensitivity: 78.9%
Specificity: 72.7%

S
)
G
e
&)
G

0.00 0.00

0.00 0.25 0.50 0.75 1.00 0.00 0.25
1 — Specificity

1 — Specificity

associated with the outcome under study (the
presence of AP in the CA in patients with RA) and
allows for calculating the personalized probability of
this complication.

The observed dependence was described by the
equation: P =1/ (1 + e%); z =-4.710 + 1.374 x
(Reis index) + 0.745 x (SIRI) — 0.331 x (LDL) +
0.057 x (age), where P is the risk assessment of AP
formation in the CA in patients with RA, and z is
the value of the logistic function. The discriminatory
ability of the regression model was assessed using
ROC analysis, during which the threshold P value
was defined as 0.615. The probability of the presence
of AP in the CA in patients with RA was predicted
by a P value greater than or equal to this value. The
sensitivity and specificity of the developed model
were 78.9% and 81.8%, respectively.
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Figure. ROC curve characteristics of the threshold values of systemic inflammatory indices (NLR, SIRI, and SII) for optimal binary

classification of the presence or absence of carotid artery atherosclerosis in patients with rheumatoid arthritis. ROC analysis: NLR

— neutrophil-to-lymphocyte ratio, SIRI — systemic inflammatory response index, SII — systemic immune-inflammation index. The

ordinate axis shows sensitivity (%), the abscissa axis — 1 minus specificity (%). The rectangles show sensitivity and specificity
estimates, as well as the threshold values of the systemic inflammatory indices

DISCUSSION

Data from cohort studies indicate an association
between peripheral blood leukocyte levels and their
major subpopulations (neutrophils, lymphocytes,
and monocytes) and an increased risk of stroke,
CAD, and all-cause mortality. The simplicity
and accessibility of this analysis have facilitated
the active study of calculated leukocyte indices
(LMR, NLR, and PLR) as markers of systemic
inflammation. Numerous studies confirm that these
indices have a higher predictive power for overall
and cardiovascular mortality compared to the use of
absolute leukocyte count alone [23].

Systemic inflammatory indices (SII, SIRI, and
AISI) are expanded versions of indices calculated
based on leukocyte differential parameters. Although

the importance of systemic inflammatory indices
for predicting the course and outcome of various
diseases has only recently been studied, and the
accumulated scientific data are still insufficient,
a number of publications indicate their potential
clinical significance in oncological, infectious,
autoimmune, and cardiovascular pathologies [24].

Y. Xia et al. found that patients with SII >655.56
had significantly higher rates of overall mortality
(OR =1.29;95% CI): 1.18-1.41) and CVD mortality
(OR = 1.33; 95% CI: 1.11-1.59) compared to the
SII group (<335.36). Similarly, the risk of all-cause
(OR =1.39; 95% CI: 1.26-1.52) and CVD mortality
(OR = 1.39; 95% CI: 1.14-1.68) was increased in
the group with SIRI >1.43 relative to the group with
SIRI <0.68 [25].
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Of particular interest are the data of V.A. Schwartz
et al., who found that in patients without RA, the
threshold levels of systemic inflammatory indices
associated with atherosclerosis were equal for
NLR >2.05, for SIRI >1.05, and for SII >368 [26].
E. Zhou et al. found that in patients with RA with an
NLR value >3.28, the risk of death from all causes
(relative risk (RR) = 2.02, 95% CI: 1.53-2.66) and
from cardiovascular pathology (RR = 2.48, 95% CI.:
1.34-4.57) was higher than in patients with a lower
value of this index [27]. According to X. Yin et al.,
in RA, a higher SII level was associated with a 1.48-
fold increase in the risk of all-cause mortality (RR =
1.48,95% CI: 1.21-1.81) and a 1.51-fold increase in
the risk of cardiovascular mortality (RR = 1.51, 95%
CI: 1.04-2.18) compared to lower SII [28]. The SIRI
inflammatory index also demonstrated a positive
correlation with all-cause and CVD mortality in
patients with RA [29]. According to M. Gonzalez-
Sierra et al., in patients with RA, the values of the
SIRI, NLR, and PLR indices were not associated
with CA atherosclerosis, but they had a positive
correlation with the CVR assessed by the SCORE2
scale [30].

According to our data, the threshold values
that were statistically significantly associated with
the presence of AP in the CA in patients with RA
were: for SII >585.29; for SIRI >1.04; for NLR
>1.756; and for AISI >247.4. The increase in the
values of systemic inflammation indices is due to
characteristic changes in the leukocyte formula
and platelet component: an increase in the absolute
number of neutrophils, monocytes and platelets
against the background of a decrease in the number
of lymphocytes. In RA, high levels of TNFa, IL-1,
and IL-6 stimulate the production of neutrophils,
and increased concentrations of chemokines
(CXCL1, CXCL2, CXCLS, etc.) secreted by
synovial fibroblasts, macrophages, and other cells
at the site of inflammation cause the migration of
neutrophils from the bloodstream into the synovial
membrane and other tissues, which is accompanied
by a compensatory increase in the production of
neutrophils by the bone marrow [31].

IL-6 plays a central role in the pathogenesis of
reactive thrombocytosis in RA: it induces increased
synthesis of thrombopoietin, akey hormonal regulator
ofthrombopoiesis in hepatocytes, and simultaneously
has a direct stimulating effect on megakaryocytic

progenitor cells and mature megakaryocytes in the
bone marrow, activating the JAK/STAT (janus
kinase/signal transducer and activator of transcription
proteins) and MAPK (mitogen-activated protein
kinase) signaling pathways, which leads to increased
proliferation, accelerated differentiation, increased
ploidy of megakaryocytes, and, as a consequence,
increased platelet release [32]. Increased platelet
counts and activation are considered as factors
potentially contributing to increased CVR and
persistent inflammation in the vascular bed, as well
as in the synovial lining of joints in RA.

Lymphocytopeniain patients with RA isacommon
hematological manifestation reflecting profound
immune dysregulation and having a multifactorial
nature. Key proinflammatory cytokines (TNFa,
IL-6, etc.) enhance the expression of the Fas receptor
(CD95) on lymphocytes and increase the level of
soluble Fas ligand (sFasL), triggering the caspase
cascade and activation-induced cell death [33].
Hypoxia and the Warburg effect in the synovium
cause competition for glucose and the accumulation
of lactate, which suppresses lymphocyte function
and induces their apoptosis by disrupting the PI3K/
Akt/mTOR  (Phosphoinositide 3-kinases/Protein
kinase B/mammalian target of rapamycin) survival
signaling pathways.

In addition, the presence of antilymphocyte
autoantibodies and increased expression of inhibitory
receptors (PD-1, programmed cell death protein 1;
CTLA-4, cytotoxic T-lymphocyte associated protein
4) on chronically activated T cells lead to their lysis,
opsonization, or a state of functional exhaustion with
an increased tendency to apoptosis [33]. Limitations
of the present study included its single-center and
cross-sectional nature, as well as a small sample size
of patients.

CONCLUSION

This study demonstrates that in patients with
RA, elevated systemic inflammatory indices are
significantly associated with the presence and
severity of atherosclerosis. These indices, easily
calculated using routine clinical blood tests,
reflect the intensity and imbalance of the systemic
immune inflammatory process underlying RA,
making them accessible, noninvasive, and cost-
effective biomarkers of elevated CVR in patients
with RA.
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Monitoring systemic inflammatory indices can
complement traditional CVR assessment scales
(SCORE, SCORE2, etc.) and facilitate the early
identification of patients requiring more intensive
preventive strategies. Persistently elevated values
of these indices may indirectly indicate a more
aggressive course of RA with a pronounced systemic
inflammatory component directly damaging the
vascular wall.

Determining optimal cutoff values for each index
in patients with RA and assessing their additional
diagnostic and prognostic value compared to
existing markers (CRP, ESR) and assessment tools
(carotid duplex ultrasound and coronary artery
calcium levels) are a pressing scientific challenge.
Randomized controlled trials are needed to establish
a causal relationship and determine the prognostic
value of changes in systemic inflammatory indices
in relation to atherosclerosis progression and the
occurrence of cardiovascular events (myocardial
infarction, stroke) in patients with RA.

Of equal importance is the study of how
various RA treatment strategies (especially therapy
with biological disease-modifying antirheumatic
drugs and targeted synthetic disease-modifying
antirheumatic drugs) influence the changes in
systemic inflammatory indices and, consequently, the
risk of atherosclerosis and cardiovascular events. The
development and validation of clinically applicable
algorithms integrating these indices into routine CVR
assessment and preventive therapy decision-making
in patients with RA is of significant scientific interest.
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