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Резюме

Цель — изучение показателей ригидности сосудистой стенки и субклинического атеросклероза у пациентов с аксиальными спондилоартри-

тами (аксСпА) без клинически манифестной кардиоваскулярной патологии в зависимости от наличия анемии. Материал и методы. Вклю-

чены 102 пациента с аксСпА, возраст — 37,7±9,8 лет, длительность аксСпА — 13,5±8,7 лет, 66 (64,7%) мужчин. Рассчитаны индексы BASDAI, 

ASDAS-CРБ, исследованы гемограмма, скорость оседания эритроцитов (СОЭ), уровень С-реактивного белка (СРБ). Исследование параме-

тров артериальной ригидности проводили методами осциллографии и фотоплетизмографии, оценка толщины комплекса интима-медиа 

(ТКИМ) осуществляли в ходе ультразвукового исследования в В-режиме согласно стандартным протоколам. Результаты. В ходе анализа 

свойств пульсовой волны статистически значимых различий показателей ригидности сосудистой стенки у пациентов аксСпА с наличием 

и без анемического синдрома не обнаружено. У пациентов с анемией скорость распространения пульсовой волны в аорте (PWVao) составила 

7,4±1,5 м/с, индекс аугментации в аорте (Aix-ao) — 19,1±13,7%, индекс жесткости (SI) — 8,2±1,7 м/с, у пациентов без анемии — 7,4±1,4 м/с, 

17,3±10,6% и 8,8±2,0 м/с, соответственно (р >0,05 для всех). Средние значения ТКИМ у пациентов с анемией составили 0,70±0,13 см, у па-
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циентов без анемии — 0,73±0,16 (р >0,05). По результатам корреляционного анализа установлены взаимосвязи между Aix-ao, PWVao, SI, 

ТКИМ и возрастом пациентов (r=0,488, r=0,516, r=0,289, r=0,461, соответственно, p <0,05), взаимосвязи между Aix-ao, PWVao и клиническим 

индексом активности BASDAI (r=0,243, r=0,253, соответственно, p <0,05). Выявлены взаимосвязи между PWVao и Aix-ao (r=0,442, p <0,001), 

SI (r=0,273, p=0,011) и ТКИМ (r=0,236, p=0,034). Заключение. В ходе настоящего исследования не подтверждено отрицательное влияние 

анемии на показатели ригидности сосудистой стенки и ТКИМ у пациентов с аксСпА. Полагаем, что это связано с потенциальным протек-

тивным эффектом анемии, обусловленным общеизвестными патофизиологическими паттернами — снижением вязкости крови и индукцией 

синтеза оксида азота. Требуется дальнейшее изучение взаимосвязей между уровнем гемоглобина и маркерами эндотелиальной дисфункции 

у пациентов с воспалительными заболеваниями позвоночника.

Ключевые слова: анемия, гемоглобин, атеросклероз, артериальная ригидность, толщина комплекса интима-медиа, анкилозирующий 

спондилит, аксиальный спондилоартрит
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Abstract

Aim: to study parameters of arterial stiffness and subclinical atherosclerosis in patients with axial spondyloarthritis (axSpA) without clinically manifest 

cardiovascular pathology depending on the presence of anemia. Material and methods. 102 patients with axSpA (mean age — 37.7±9.8 years, axSpA 

duration — 13.5±8.7 years, 66 (64.7%) men) were included. The BASDAI index and C-reactive protein (CRP)-based ASDAS score   were measured, the 

hemogram, the erythrocyte sedimentation rate (ESR), and the level of CRP were studied. Parameters of arterial stiffness were studied by oscillography 

and photoplethysmography, intima-media thickness (IMT) was evaluated by B-mode ultrasound according to standard protocols. Results. During 

analysis of pulse wave properties, no statistically significant differences in parameters of vascular wall stiffness were found in axSpA patients with and 

without anemia. Aortic pulse wave velocity (PWVao) in patients with anemia was 7.4±1.5 m/sec, aortic augmentation index (Aix-ao) was 19.1±13.7%, 

stiffness index (SI) was 8.2±1.7 m/sec; in patients without anemia — 7.4±1.4 m/sec, 17.3±10.6% and 8.8±2.0 m/sec, respectively (p >0.05 for all). IMT 

in patients with anemia was 0.70±0.13 cm, in patients without anemia — 0.73±0.16 cm (p >0.05). Correlation analysis was performed and significant 

correlations  were noted between Aix-ao, PWVao, SI, IMT and age (r=0.488, r=0.516, r=0.289, r=0.461, respectively, p <0.05); Aix-ao, PWVao and 

the BASDAI index (r=0.243, r=0.253, respectively, p <0.05). Significant correlations between PWVao and Aix-ao (r=0.442, p <0.001), SI (r=0.273, 

p=0.011) and IMT (r=0.236, p=0.034) were  found. Conclusion. The present study did not confirm the negative effect of anemia on vascular wall 

stiffness parameters and IMT in patients with axSpA. We consider that potential protective effect of anemia, due to well-known pathophysiological 

patterns — a decrease in blood viscosity and the induction of nitric oxide synthesis, plays an important role. Further studies are required to assess 

relationship between hemoglobin levels and markers of endothelial dysfunction in patients with axSpA.
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Introduction
Axial spondyloarthritis (axSpA) is a group of chronic 

autoimmune diseases with predominant damage to the 

axial skeleton (spine and/or sacroiliac joints), the pos-

sible involvement of peripheral joints, enthesis, skin 

(psoriasis), intestines (Crohn’s disease, ulcerative coli-

tis), eyes (uveitis), heart and aorta [1]. Th e development 

of a chronic autoinfl ammatory status is considered the 

main predictor of the early development and progres-

sion of cardiovascular diseases in patients with axSpA. 
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Th e risk of cardiovascular diseases in cases of axSpA 

is 1.3-1.5  times higher than in the general population, 

while mortality due to unfavorable cardiovascular events 

is 20-40% higher than in the general population [2–4].

Anemia is a common comorbid disease in patients 

with axSpA [5–7]. Persistent systemic infl ammation 

underlying the impairment of iron metabolism and 

dysfunction of erythropoiesis is also a leading cause 

of endothelial dysfunction, increased arterial stiff ness, 

early development and progression of atherosclerotic 

lesions of the vascular wall [8]. 

A number of studies [9–11] describe increased arte-

rial stiffness in patients with axSpA compared with 

healthy individuals. The effect of anemia on the pro-

cesses of vascular wall remodeling and arterial stiffness 

parameters is generally understudied, and there are 

currently no data on the correlation between anemia 

and damage to arterial vessels in patients with axSpA. 

In  this regard, it is of practical interest to study the 

parameters indicating changes in the rigidity of the 

arterial wall in patients with axSpA with and without 

anemia. 

Th e study objective was to investigate the parameters 

of vascular wall rigidity and subclinical atherosclerosis 

in patients with axSpA without clinically manifesting 

cardiovascular disease, depending on the presence of 

anemia. 

Materials and methods

Th e study included 102 patients with axSpA (age — 

37.7±9.8  years, duration of axSpA  — 13.5±8.7  years, 

66 (64.7%) male subjects) who were hospitalized at the 

Regional Clinical Hospital (Saratov) in 2017-2020. Inclu-

sion criteria were the following: compliance with axSpA 

criteria of the Assessment of Spondyloarthritis Inter-

national Society, 2009 [12], age ³18, signed informed 

consent to participate in the study. Th e study did not 

include patients with coronary heart disease (exertional 

angina, previous myocardial infarction, chronic heart 

failure), uncontrolled arterial hypertension, athero-

sclerotic plaques according to duplex examination of 

carotid arteries, chronic kidney disease of stages 3-5, 

liver failure, viral hepatitis, HIV infection, tuberculosis, 

chronic diseases in acute phase (peptic ulcer, cholecysti-

tis), cancer and lymphoproliferative diseases, and preg-

nant women. 

Standard parameters of CBC and blood biochemical 

assay, concentration of C-reactive protein (CRP), and 

erythrocyte sedimentation rate (ESR) were determined. 

Estimated glomerular fi ltration rate (eGFR) was defi ned 

using the CKD-EPI formula (Chronic Kidney Desease 

Epidemiology Collaboration, 2009) [13]. BASDAI (the 

Bath Ankylosing Spondylitis Disease Activity Index) and 

ASDAS (the Ankylosing Spondylitis Disease Activity 

Score) indices using CRP were calculated to determine 

the activity of axSpA. 

Clinical features of the examined patients are pre-

sented in Table 1. Patients were comparable in age and 

disease duration. However, the percentage of female 

patients and the number of patients positive for HLA-

B27 were higher among patients with axSpA and anemia. 

Patients with anemia more oft en received therapy with 

synthetic and/or biological disease-modifying drugs 

in comparison with patients without it. Th e percentage 

of patients receiving non-steroidal anti-infl ammatory 

drugs and systemic glucocorticoids demonstrated no 

statistically signifi cant diff erence. 

Table 1. Th e main clinical and demographic parameters 
and characteristics of drug treatment in patients with 
axSpA included in the study

Parameter

All patients with axSpA 

(n=102)

p
Without 

anemia

(n = 50)

M±SD / n 

(%)

With anemia

(n = 52)

M±SD / n 

(%)

Age, years 37,0±9,6 38,5±10,0 0,454

Men 40 (80) 26 (50) 0,002*

Duration of axSpA, years 14,0±8,2 12,9±9,2 0,521

HLA-B27 positivity 19 (38) 32 (62) 0,04*

Smokers 16 (32) 18 (35) 0,468

BMI, kg/m2 24,8±6,4 24,8±4,9 0,97

Obesity 10 (20) 8 (15) 0,774

Total cholesterol, mmol/L 4,8±1,0 4,8±0,9 0,843

eGFR, ml/min/1.73 m2 88,4±14,7 86,6±17,8 0,579

Arterial hypertension 18 (36) 14 (27) 0,323

BASDAI, points 4,7±2,2 5,6±2,1 0,038*

BASDAI >4 25 (52) 38 (81) 0,003*

ASDAS-CRP, points 3,2±1,0 3,8±1,0 0,004*

ASDAS-СРБ ³2,1/ 

ASDAS-CRP ³2,1
39 (78) 46 (88) 0,015*

Th erapy of axSpA

NSAIDs 46 (92) 49 (94) 0,713

Glucocorticoids 21 (42) 31 (60) 0,075

DMARs, including: 24 (48) 35 (67) 0,048*

Methotrexate 8 (33) 9 (26) 0,844

Sulfasalazine 6 (25) 22 (62) 0,001*

Methotrexate + sulfasalazine 2 (8) 1 (3) 0,614

Methotrexate/sulfasalazine + 

bDMARDs
3 (13) 2 (6) 0,675

bDMARDs 5 (21) 1 (3) 0,109

Notes: axSpA — axial spondyloarthritis, HLA-B27 — human leukocyte antigen-B27, 

BMI — body mass index, eGFR — estimated glomerular filtration rate, NSAIDs — non-

steroidal anti-inflammatory drugs, DMARs — disease-modifying antirheumatic drugs, 

bDMARDs — biological disease-modifying anti-rheumatic drugs. * — p <0,05
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To assess the rigidity of the vascular wall, the oscil-

lography method was used (TensioClinic arteriograph, 

Tensiomed, Hungary) with the calculation of the 

aortic augmentation index (Aix-ao), brachial artery 

augmentation index corrected for heart rate (Aix-br) 

and pulse wave velocity of the aorta (PWVao), as well 

as the photoplethysmography method (AngioScan 

device, AngioScan-Electronics, Russia) with determi-

nation of the stiffness index (SI) and reflection index 

(RI). Intima-media complex thickness (IMCT) of the 

right and left common carotid artery was assessed by 

ultrasound examination in B-mode using an Acuson 

128  XP/100  device according to the standard tech-

nique [14]. Average IMCT was calculated; an increase 

in TCIM of ≥0.9 mm was regarded as a marker of sub-

clinical atherosclerosis.

Statistical analysis was performed using SPSS 26.0 soft -

ware (IBM SPSS Statistics, USA). Checking the distribu-

tion for compliance with the normal law was carried out 

using the analysis of histograms and the Kolmogorov — 

Smirnov test with Lilliefors correction; the distribution 

was considered normal at p> 0.05. To describe normally 

distributed quantitative parameters, the mean value and 

mean standard deviation (M±SD) were used; to describe 

the distribution of parameters diff erent from the normal 

distribution, the median, upper and lower quartiles were 

defi ned (Me [Q1-Q3]). To assess the diff erence in quan-

titative parameters in two independent groups, Student’s 

t-test was used with normal distribution of data; the 

Mann  — Whitney test was used for distribution other 

than normal. Th e Kruskal-Wallis test was used to com-

pare three or more groups. To assess the diff erences in 

categorical variables, the Pearson χ2 test or Fisher’s exact 

test was used. Th e correlation of two normally distributed 

quantitative parameters was studied using the Pearson 

method; for distribution other than normal, Spearman’s 

method was used. Diff erences were considered statisti-

cally signifi cant at p <0.05.

Th is study was approved by the Ethics Committee of 

the V.I. Razumovsky Saratov State Medical University of 

the Ministry of Health of Russia.

Results

Decreased hemoglobin level in patients with anemia 

corresponded to mild anemia in 49 (94%) cases, and to 

moderate anemia in 3 (6%) cases. Anemia of chronic 

disease (ACD) was revealed in 15 (29%) patients; 29 

(56%) had a combination of ACD and iron deficiency 

anemia (IDA); in 8 (15%) patients, isolated IDA was 

observed. Laboratory and clinical activity of systemic 

inflammation, according to the obtained values of 

CRP, ESR, BASDAI and ASDAS-CRP indices, was sta-

tistically significantly higher in patients with anemia 

(Tables 1, 2). 

During the analysis of pulse wave properties, no sig-

nifi cant diff erences in vascular wall stiff ness indices in 

axSpA patients with and without anemia were found 

(Table 3). PWVao values above 10  m/s were registered 

in 3 (6%) patients without anemia and in 2 (4%) patients 

with anemia (p=0.675). Mean SI values in patients with 

normal and reduced hemoglobin exceeded the reference 

range, while the percentage of patients with increased SI 

>8 m/s among axSpA patients with and without anemia 

was 56% and 60%, respectively (p=0.714) An increase 

in IMCT³of 0.9  mm was observed in 8 (16%) patients 

with axSpA without anemia and in 4 (8%) patients with 

anemia (p=0.312). 

According to the results of correlation analysis, sta-

tistically signifi cant correlations were obtained between 

Aix-ao, PWVao, SI, IMCT and the age of patients, between 

Aix-ao, PWVao and BASDAI clinical activity index. 

Table 2. Th e main hematological parameters and traditional markers of infl ammation in patients with axSpA included 
in the study

Parameter

All patients with axSpA (n=102)

pWithout anemia 

(n = 50)

M±SD / Ме [Q1-Q3]

With anemia

(n = 52)

M±SD / Ме [Q1-Q3]

Red blood cells, 1012/L 4,7±0,3 4,2±0,5 <0,001*

Hemoglobin, g/L 138 [134-149] 116 [107-120] <0,001*

Hematocrit, % 42,0±3,6 34,9±2,5 <0,001*

Mean corpuscular volume (MCV), fL 89 [87-95] 84 [78-89] <0,001*

Mean cellular haemoglobin content (MCH), pg 30,5 [29,1-31,9] 27,5 [25,2-30,1] <0,001*

 Red cell distribution width (RDW), % 13,5 [12,6-14,2] 15,1 [13,6-17,2] <0,001*

Platelets, 109/L 249 [218-301] 297 [250-371] 0,001*

ESR, mm/h 10 [6-15] 17 [12-28] <0,001*

CRP, mg/L 9,5 [3,8-15,3] 16,9 [6,7-37,7] 0,003*

Notes: ESR — erythrocyte sedimentation rate, CRP — C-reactive protein. * — p <0,05
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No correlations between the parameters of vascular wall 

stiff ness, IMCT and conventional laboratory markers of 

infl ammation, and hemoglobin level were established 

(Table 4). Correlations were found between PWVao and 

Aix-ao (r=0.442, p <0.001), SI (r=0.273, p=0.011) and 

IMCT (r=0.236, p=0.034). 

Discussion

As far as we know, this study is the fi rst one to attempt 

to assess the correlation between hemoglobin level and 

vascular wall stiff ness, subclinical atherosclerosis in 

patients with axSpA. Th e determination of IMCT and 

arterial stiff ness parameters (their increased values are 

associated with the subsequent development of adverse 

cardiovascular events) is an important tool for stratifi -

cation of cardiovascular risk and selection of adequate 

disease-modifying drugs in patients with axSpA. Data 

accumulated to date clearly demonstrate the high inci-

dence of subclinical atherosclerosis among patients with 

axSpA. According to the meta-analysis performed by 

Yuan Y. et al. [15], IMCT in patients with ankylosing 

spondylitis (AS) was statistically signifi cantly higher 

than in healthy controls (standardized mean diff erence 

Table 3. Th e main indicators of arterial stiff ness and IMT in patients with axSpA with and without anemic syndrome 

Parameter

All patients with axSpA (n=102)

pWithout anemia 

(n = 50)

M±SD

With anemia 

(n = 52)

M±SD

Oscillography 

SBP, mm Hg 130,3±16,0 129,1±19,2 0,729

DBP, mm Hg 75,4±12,2 75,0±14,1 0,896

MAP mm Hg 93,7±13,0 93,1±15,4 0,837

PP, mm Hg 54,9±8,3 54,0±9,3 0,608

HR, beat/min 72,1±10,7 73,4±11,3 0,564

SBPao, mm Hg 122,8±19,9 119,9±20,5 0,471

17,3±10,6 19,1±13,7 0,455

Aix-br, % -40,2±20,9 -36,6±27,1 0,455

PWVao, m/sec 7,4±1,4 7,4±1,5 0,99

Photoplethysmography

SI, m/sec 8,8±2,0 8,2±1,7 0,183

RI, % 60,6±15,0 54,3±16,7 0,069

Carotid ultrasound

IMT, cm 0,73±0,16 0,70±0,13 0,421

Notes: SBP — systolic blood pressure, DBP — diastolic blood pressure, MAP — mean arterial pressure, PP — pulse pressure; HR — heart rate, SBPao — central systolic blood pressure, 

Aix-ao — aortic augmentation index, Aix-br — HR-corrected brachial augmentation index, PWVao — aortic pulse wave velocity, SI — stiffness index, RI — reflection index, IMT — 

intima-media thickness

Table 4. Relationships between Aix-ao, PWVao, SI, TCIM and traditional cardiovascular risk factors, axSpA activity 
indices and laboratory parameters

Parameter 
Aix-ao PWVao SI IMT

r p r p r p r p

Age 0,488 <0,001* 0,516 <0,001* 0,289 0,007* 0,461 <0,001*

axSpA duration 0,199 0,045* 0,156 0,116 0,336 0,002* 0,167 0,135

SBP 0,032 0,752 0,355 <0,001* 0,192 0,077 0,219 0,05

DBP 0,305 0,002* 0,434 <0,001* 0,318 0,003* 0,211 0,059

BASDAI 0,243 0,018* 0,253 0,013* 0,003 0,981 0,179 0,117

ASDAS-CRP 0,075 0,467 0,131 0,204 0,074 0,51 0,069 0,548

Hemoglobin -0,131 0,189 0,024 0,815 0,095 0,386 0,158 0,159

Hematocrit -0,083 0,437 0,17 0,111 0,125 0,289 0,125 0,3

ESR 0,034 0,736 0,129 0,197 0,026 0,811 -0,199 0,077

CRP -0,022 0,834 0,131 0,201 0,103 0,358 -0,106 0,36

Notes: Aix-ao — aortic augmentation index, PWVao — aortic pulse wave velocity, SI — stiffness index, IMT — intima-media thickness, SBP — systolic blood pressure, DBP — diastolic 

blood pressure, ESR — erythrocyte sedimentation rate, CRP — C-reactive protein. * — p <0,05
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[95% confi dence interval (CI)] = 0.725 [0.443–1.008], 

p <0.001). According to a systematic review and meta-

analysis performed by Bai R. et al.[11] with a total of 

2,882 subjects (1,535 patients with AS and 1,347 healthy 

individuals), a statistically signifi cant increase in 

PWVao was revealed in patients with AS compared to 

the control group (weighted average diff erence [95% 

CI] = 0.910 [0.464-1.356], p <0.001). IMCT values and 

vascular wall stiff ness parameters obtained during our 

study in patients with axSpA are consistent with litera-

ture data. 

However, the objective of this study was to assess 

the possible correlation between hemoglobin level and 

the presence of subclinical atherosclerosis in patients 

with axSpA. At the moment, the role of anemia in the 

processes of vascular wall remodeling remains a sub-

ject of discussion, and study results are sometimes 

contradictory. On  the one hand, it is known that IDA 

and ACD are associated with the development of oxida-

tive stress [16], and persistent systemic inflammation 

makes an independent contribution to the dysfunction 

of antioxidant systems with underlying overproduc-

tion of reactive oxygen species [17]. The combined 

effect of these factors leads to impaired endothelial 

function, which is a key pathological pattern underly-

ing the development of atherosclerosis [18]. In a study 

performed by Schwarz C. et al., a negative correla-

tion was demonstrated between hemoglobin level and 

PWVao (r=-0.31, p=0.01) in patients on hemodialysis 

[19]. At  the same time, H. Hsu et al. [20] reported a 

positive correlation between hemoglobin concentration 

and arterial stiffness in dialysis patients, while hemo-

globin levels >109 g/l were significantly associated with 

increased PWVao >10 m/s. A survey of 807 male sub-

jects with and without cardiovascular diseases by Kishi-

moto S. et al. [21] showed that both a decrease and an 

increase in hemoglobin, hematocrit and the number of 

RBC were associated with impaired endothelial func-

tion, increased brachial-ankle pulse wave velocity 

(baPWV ) and IMCT of brachial artery. According to 

Kishimoto S. et al., hematocrit 42.0–49.4%, hemoglo-

bin 147–168 g/l and RBC 4.82–5.24×106/μl are optimal 

Figure 1. Comparison of arterial stiff ness parameters and 

IMT in patients with axSpA with and without anemia, 

depending on gender

а) Comparison of PWVao in patient subgroups

б) Comparison of SI in patient subgroups

в) Comparison of IMT in patient subgroups
Notes: PWVao — aortic pulse wave velocity (m/sec), SI — stiffness index (m/sec), 

IMT — intima-media thickness (cm)

а) б)

в)
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target levels for adequate endothelial function and state 

of vascular wall. A population-based Gutenberg Health 

Study (GHS) [22] with a total of 13,724 subjects dem-

onstrated an independent association of higher hema-

tocrit values with increased SI in patients of both gen-

ders; in men, hematocrit was an independent predictor 

of increased SI, even in the absence of cardiovascular 

factors. A  large Chinese study by Sun P. et al. dem-

onstrated similar results [23]: there was a significant 

increase in baPWV and Aix-br with increased concen-

tration of hemoglobin and number of RBC. A  group 

of Japanese researchers [24] obtained data that indi-

cate the potentially protective role of a small decrease 

in hemoglobin levels  — in female patients with mild 

anemia, baPWV values were lower than in females with 

normal and increased hemoglobin levels. 

Interestingly, despite the signifi cantly higher infl am-

matory activity of axSpA in patients with anemia 

(Tables  1,  2), this study did not reveal signifi cant dif-

ferences between the studied markers of vascular wall 

remodeling in comparison with patients without anemia. 

Th e negative eff ect of highly active systemic infl amma-

tion registered in patients with anemia was probably 

partially off set by the relative improvement in blood 

rheological properties due to decreased blood viscos-

ity, as well as increased nitric oxide production induced 

by hypoxia [25]. Of  course, further study of mark-

ers of endothelial dysfunction in patients with axSpA 

and anemia is necessary to determine correlation with 

parameters of arterial stiff ness and subclinical athero-

sclerosis. It  is also worth noting that the percentage of 

female patients in our study among patients with anemia 

was higher compared to patients without anemia, 50% 

and 20%, respectively (p=0.002). However, during the 

analysis of subgroups by gender, no signifi cant diff er-

ences between the parameters of arterial stiff ness and 

IMCT in men and women depending on the presence of 

anemia were found (Fig. 1). 

Conclusion

Th is study could not confi rm a correlation between 

anemia and vascular wall stiff ness, IMCT in patients 

with axSpA. It is possible that the decrease in hemoglo-

bin did not lead to a further increase in the rigidity of 

the vascular wall due to the potential protective eff ect of 

anemia via well-known pathophysiological patterns  — 

decreased blood viscosity and induction of nitric oxide 

synthesis, which is an endogenous vasodilator and has 

a strong antiatherogenic eff ect. Further study of the 

correlation between hemoglobin levels and markers of 

endothelial dysfunction in patients with infl ammatory 

diseases of the spine is required. 

Вклад авторов:

Все авторы внесли существенный вклад в подготовку работы, прочли 

и одобрили финальную версию статьи перед публикацией 

Сафарова К.Н. (ORCID: https://orcid.org/0000-0002-8989-8405): 

концепция и дизайн исследования, получение данных, анализ и ин-

терпретация данных, написание текста статьи, утверждение итого-

вого варианта текста рукописи

Дорогойкина К.Д. (ORCID: https://orcid.org/0000-0003-1765-

2737): концепция и дизайн исследования, получение данных

Махина В.И. (ORCID: https://orcid.org/0000-0001-8080-7063): 

концепция и дизайн исследования, получение данных

Ребров А.П. (ORCID: https://orcid.org/0000-0002-3463-7734): кон-

цепция и дизайн исследования, получение данных, анализ и интер-

претация данных, написание текста статьи, утверждение итогового 

варианта текста рукописи

Author Contribution:

All authors made a significant contribution to the preparation of the 

work, read and approved the final version of the article before publication

Safarova K.N. (ORCID: https://orcid.org/0000-0002-8989-8405): 

research concept and design, obtaining data, analyzing and interpreting 

data, writing articles, approving the final version of the publication

Makhina V.I. (ORCID: https://orcid.org/0000-0001-8080-7063): 

research concept and design, obtaining data

Dorogoykina K.D. (ORCID: https://orcid.org/0000-0003-1765-2737): 

research concept and design, obtaining data

Rebrov A.P. (ORCID: https://orcid.org/0000-0002-3463-7734): 

research concept and design, obtaining data, analyzing and interpreting 

data, approving the final version of the publication

Список литературы / References:

1. Эрдес Ш.Ф., Ребров А.П., Дубинина Т.В., и др. Спондилоартриты: 

современная терминология и определения. Терапевтический 

архив. 2019; 91(5): 84–8. doi:10.26442/00403660.2019.05.000208

Erdes S.F., Rebrov A.P., Dubinina T.V. et al. Spondyloarthritis: modern 

terminology and definitions. Ter Arkh. 2019; 91(5): 84–8. doi:10.2644

2/00403660.2019.05.000208 [in Russian].

2. Mathieu S., Pereira B., Soubrier M. Cardiovascular events in ankylosing 

spondylitis: An updated meta-analysis. Semin Arthritis Rheum. 2015; 

44: 551–5. doi:10.1016/j.semarthrit.2014.10.007.

3. Szabo S.M., Levy A.R., Rao S.R., et al. Increased risk of cardiovascular 

and cerebrovascular diseases in individuals with ankylosing 

spondylitis: A population-based study. Arthritis Rheum. 2011; 

63: 3294–304. doi:10.1002/art.30581.

4. Tomáš L., Lazúrová I., Pundová L., et al. Acute and long-term effect of 

infliximab on humoral and echocardiographic parameters in patients 

with chronic inflammatory diseases. Clin Rheumatol. 2013; 32: 61–6. 

doi:10.1007/s10067-012-2091-4.

5. Niccoli L., Nannini C., Cassarà E., et al. Frequency of anemia of 

inflammation in patients with ankylosing spondylitis requiring anti-

TNFα drugs and therapy-induced changes. Int J Rheum Dis. 2012; 

15: 56–61. doi:10.1111/j.1756-185X.2011.01662.x.

6. Сафарова К.Н., Дорогойкина К.Д., Ребров А.П. Является ли ане-

мия клиническим маркером НПВП-индуцированного поражения 

верхних отделов желудочно-кишечного тракта у пациентов со 

спондилоартритами? Альманах клинической медицины. 2019; 

47(5): 410–18. doi:10.18786/2072-0505-2019-47-037.

Safarova K.N., Dorogoykina K.D., Rebrov A.P. Is anemia a clinical 

marker of NSAIDs-induced upper gastrointestinal lesions in patients 



О Р И Г И Н А Л Ь Н Ы Е  С Т А Т Ь ИАрхивъ внутренней медицины • № 4 • 2021

291 

with spondyloarthritis? Almanac of Clinical Medicine. 2019; 47(5): 

410–18. doi:10.18786/2072-0505-2019-47-037[in Russian].

7. Zviahina O V., Shevchuk S V., Kuvikova IP, Segeda IS. Anemia in 

patients with ankylosing spondylitis, association with the activity of 

the inflammatory process and the severity of the disease. Wiad Lek. 

2020; 73: 715–21. doi:10.36740/WLek202004117.

8. Prati C., Demougeot C., Guillot X., et al. Vascular involvement in 

axial spondyloarthropathies. Jt Bone Spine. 2019; 86: 159–63. 

doi:10.1016/j.jbspin.2018.05.003.

9. Bodnár N., Kerekes G., Seres I., et al. Assessment of Subclinical 

Vascular Disease Associated with Ankylosing Spondylitis. 

J Rheumatol. 2011; 38: 723–9. doi:10.3899/jrheum.100668.

10. Гайдукова И.З., Ребров А.П., Хондкарян Э.В. и др. Жесткость 

сосудистой стенки у пациентов с анкилозирующим спонди-

литом, принимающих нестероидные противовоспалительные 

препараты. Современная ревматология. 2016; 10(3): 41-46. 

doi: 10.14412/1996-7012-2016-3-41-46.

Gaidukova I.Z., Rebrov A.P., Khondkaryan E.V. et al. Vessel wall 

stiffness in ankylosing spondylitis patients taking nonsteroidal anti-

inflammatory drugs. Modern Rheumatology Journal. 2016;10(3):41-

46. doi:10.14412/1996-7012-2016-3-41-46 [in Russian].

11. Bai R., Zhang Y., Liu W., et al. The Relationship of Ankylosing 

Spondylitis and Subclinical Atherosclerosis: A Systemic 

Review and Meta-Analysis. Angiology. 2019; 70: 492–500. 

doi:10.1177/0003319718814309.

12. Sieper J., Rudwaleit M., Baraliakos X., et al. The Assessment of 

SpondyloArthritis international Society (ASAS) handbook: a guide 

to assess spondyloarthritis. Ann Rheum Dis. 2009; 68:ii1–44. 

doi:10.1136/ard.2008.104018.

13. Levey A.S., Stevens L.A., Schmid C.H., et al. A New Equation to 

Estimate Glomerular Filtration Rate. Ann Intern Med. 2009; 150: 604. 

doi:10.7326/0003-4819-150-9-200905050-00006.

14. Touboul P.-J., Hennerici M.G., Meairs S., et al. Mannheim Carotid 

Intima-Media Thickness and Plaque Consensus (2004-2006-2011). 

Cerebrovasc Dis. 2012; 34: 290–6. doi:10.1159/000343145.

15. Yuan Y., Yang J., Zhang X., et al. Carotid intima-media thickness in 

patients with ankylosing spondylitis: A systematic review and updated 

meta-analysis. J Atheroscler Thromb. 2019; 26: 260–71. doi:10.5551/

JAT.45294.

16. Paino I.M. M., Miranda J.C., Marzocchi-Machado C.M., et al. 

Phagocytosis, oxidative burst, and produced reactive species are 

affected by iron deficiency anemia and anemia of chronic diseases in 

elderly. Biol Trace Elem Res. 2009; 129: 116–25. doi:10.1007/s12011-

008-8303-8.

17. Arida A., Protogerou A.D., Kitas G.D. et al. Systemic inflammatory 

response and atherosclerosis: The paradigm of chronic inflammatory 

rheumatic diseases. Int J Mol Sci. 2018; 19: 1–27. doi:10.3390/

ijms19071890.

18. Gimbrone M.A., García-Cardeña G. Endothelial Cell Dysfunction and 

the Pathobiology of Atherosclerosis. Circ Res. 2016; 118: 620–36. 

doi:10.1161/CIRCRESAHA.115.306301.

19. Schwarz C.P., Koppelstaetter C., Amann E., Mayer G. Impact of 

anemia on aortic pulse wave velocity in hemodialysis patients. Kidney 

Blood Press Res. 2009; 32: 210–6. doi:10.1159/000227274.

20. Hsu H.-C., Robinson C., Norton G.R., et al. The Optimal Haemoglobin 

Target in Dialysis Patients May Be Determined by Its Contrasting 

Effects on Arterial Stiffness and Pressure Pulsatility. Int J Nephrol 

Renovasc Dis. 2020; 13: 385–95. doi:10.2147/IJNRD.S285168.

21. Kishimoto S., Maruhashi T., Kajikawa M., et al. Hematocrit, 

hemoglobin and red blood cells are associated with vascular function 

and vascular structure in men. Sci Rep. 2020; 10: 11467. doi:10.1038/

s41598-020-68319-1.

22. Arnold N., Gori T., Schnabel R.B., et al. Relation between Arterial 

Stiffness and Markers of Inflammation and Hemostasis — Data from 

the Population-based Gutenberg Health Study. Sci Rep. 2017; 7: 1–10. 

doi:10.1038/s41598-017-06175-2.

23. Sun P., Jia J., Fan F., et al. Hemoglobin and erythrocyte count are 

independently and positively associated with arterial stiffness in 

a community-based study. J Hum Hypertens. 2021; 35: 265–73. 

doi:10.1038/s41371-020-0332-6.

24. Kawamoto R., Tabara Y., Kohara K., et al. A slightly low hemoglobin 

level is beneficially associated with arterial stiffness in Japanese 

community-dwelling women. Clin Exp Hypertens. 2012; 34: 92–8. doi

:10.3109/10641963.2011.618202.

25. Chirinos J.A., Segers P., Hughes T., Townsend R. Large-Artery Stiffness 

in Health and Disease: JACC State-of-the-Art Review. J Am Coll 

Cardiol. 2019; 74: 1237–63. doi:10.1016/j.jacc.2019.07.012.


