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Обоснование. В настоящее время общеизвестно негативное влияние бессимптомной гиперурикемии на развитие 
и прогрессирование сердечно-сосудистых патологий, метаболических нарушений и хронической болезни почек. Одна-
ко в литературе недостаточно освещены особенности сочетанного течения гиперурикемии и ревматоидного артрита.

Цель работы — изучить взаимосвязь гиперурикемии и клинико-лабораторных, иммунологических, рентгенологи-
ческих и функциональных характеристик ревматоидного артрита.

Материалы и методы. За период с января 2000 по апрель 2020 г. проанализированы данные 524 пациентов 
с ревматоидным артритом, у 262 из которых (основная группа) выявили гиперурикемию — значение уровня мочевой 
кислоты в сыворотке крови выше 360 мкмоль/л. Остальные 262 пациента вошли в группу сравнения. Основную группу 
разделили на две подгруппы пациентов с низкой (<500 мкмоль/л) и высокой (≥500 мкмоль/л) гиперурикемией. В иссле-
дование включили 440 женщин и 84 мужчины, средний возраст которых составил 60 ± 13,6 года. В статистический 
анализ внесли сведения о демографических особенностях (пол, возраст) пациентов, диагнозе, наличии и длительности 
гиперурикемии, длительности наблюдения, активности и терапии ревматоидного артрита, а также его лабораторных, 
иммунологических, рентгенологических и функциональных характеристиках. 

Результаты. В подгруппе пациентов с высокой гиперурикемией было больше мужчин, чем в подгруппе с низкой 
гиперурикемией и группе сравнения. У каждого третьего пациента отмечены значимые структурные изменения суста-
вов (III и IV рентгенологические стадии). У 98 % пациентов обнаружили умеренные и выраженные функциональные 
ограничения (функциональные классы II и III). Самый большой средний возраст зафиксирован в основной группе. Па-
циенты с гиперурикемией чаще обращались к врачу, дольше наблюдались по поводу ревматоидного артрита при его 
меньшей рентгенологической прогрессии и большем количестве болезненных и припухших суставов, реже и в мень-
шей дозе принимали метотрексат и чаще — сульфасалазин в сравнении с пациентами без гиперурикемии.

Выводы. Гиперурикемия негативно влияет на течение ревматоидного артрита. С ней ассоциированы прямые (боль-
шее количество болезненных и припухших суставов) и косвенные (большие длительность наблюдения и количество 
обращений к врачу) признаки его тяжелого течения. Отсутствие взаимосвязи гиперурикемии с общепризнанными мар-
керами активности (скоростью оседания эритроцитов, уровнем С-реактивного белка, индексом DAS28) и иммунологиче-
ским профилем (ревматоидным фактором, позитивностью по антителам к циклическому цитруллинированному пептиду) 
ревматоидного артрита, а также ее неоднозначная взаимосвязь с его рентгенологической прогрессией, функциональ-
ной недостаточностью суставов и темпом снижения плотности костной ткани вызваны иммуносупрессивной терапией.
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BACKGROUND: Currently, the negative role of asymptomatic hyperuricemia (HU) in the development and progression of 
cardiovascular pathology, metabolic disorders and chronic kidney disease is generally recognized. There is not much data in 
the literature on the effect of HU on the course of rheumatoid arthritis (RA), therefore, the study of the relationship of HU with 
clinical, radiological and immunological features of RA seems relevant.

AIM: To study the relationship between HU with the clinical, radiological and immunological features of RA.
MATERIALS AND METHODS: The data of 262 patients with RA and HU and 262 with RA without HU (comparison group) 

included in the city register from January 2000 to April 2020 have been analyzed. The information included demographic 
features (gender, age), diagnosis, presence and duration of HU, duration of observation, disease activity, laboratory, im-
munological, radiological and functional parameters, therapy of the underlying disease. HU was understood as a recorded 
≥1-fold increase in the level of uric acid (UA) in the blood serum >360 mmol/l. The study has been approved by the local 
ethics committee.

RESULTS: The data of 524 patients with rheumatoid arthritis for the period from January 2000 to April 2020 have been 
analyzed. The study included 440 women and 84 men. The average age of the patients was 60.0 ± 13.6 y. The patients with 
HU have been divided into two subgroups: the first – with the level of UA less than 500 mmol/l, the second — with the level 
of UA more than 500 mmol/l. The number of males was significantly higher among the patients with high HU than among the 
patients with low HU and the comparison group. Every third patient had significant structural changes in the joints (radiologi-
cal stage III-IV) and 98% of the patients had moderate and pronounced functional limitations (functional class 2-3). The pa-
tients with HU were older, had more follow-up visits, were observed for a longer period of time, had a lower frequency of 
radiological progression, a greater number of painful and swollen joints, less often and at a smaller dose had methotrexate 
and more often sulfasalazine in comparison with the patients without HU (p < 0.05).

CONCLUSIONS: 1) Thus, we can emphasize the negative impact of hyperuricemia on the course of rheumatoid arthritis: 
if it is present, there are direct (more PJ, SJ) and indirect signs of a more severe course (longer duration of observation 
and the number of visits). 2) Immunosuppressive therapy is associated with the absence of differences with the generally 
recognized markers of disease activity (ESR, CRP, DAS28), the immunological profile (RF, ACCP) and the ambiguous relation-
ship with radiological progression and functional insufficiency of the joints, as well as unreliable relationship with a higher 
frequency of bone density reduction.
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BACKGROUND
The search for relationship between the hyperurice-

mia (HU) and course of rheumatoid arthritis (RA) has been 
performed for a long time both in the experimental and prac-
tical medicine. A less number of studies have found that, 
HU contributes to the favorable course of RA.

A. Lussier et al., studied the development of adjuvant-
induced arthritis in rats with a HU induced by the administra-
tion of oxonic acid. The reaction after the primary adjuvant 
exposure in the rats with and without HU did not differ, but 
after the secondary exposure, the reaction in the rats with 
a HU was significantly less pronounced than rats without 
the HU [1]. With the additional administration of sodium 
mono-urate crystals to the rats, similar results were ob-
tained, namely injections of crystals that preceded injections 
of the Freund’s adjuvant increased the severity of arthritis 
in rats with normal uricemia, and slightly reduced in rats 
with the HU [2]. In the work by Y.H. Chang et al., adjuvant-
induced arthritis did not develop in rats with the HU induced 
by the diet with the high oxonic acid [3].

In a study by R.A. Turner et al., HU enhanced the release 
of the azurophilic granular B-glucuronidase enzyme induced 
by the phagocytosis and reduced the polyclonal activation of 
immunocompetent cells [4].

R.D. Situnayake et al., showed an inverse correlation 
between the serum uric acid (UA) levels and oxidative changes 
of albumin in RA patients. This indicates the protective role 
of UA which scavenges free radicals that damage the protein 
during inflammation [5]. M. Mahajan et al., obtained data on 
a decrease in the level of UA with an increase in the duration 
of the RA, and associated them with the effective scavenge 
by the UA of free radicals [8].

C.A. Agudelo et al., selected 12 patients with the RA, 
whose UA level >450 µmol/L for ≥6 months. In 11 of them, 
no exacerbations of RA were registered during the HU [6].

In their study, D. Pekhlivanov et al., revealed that the HU 
and calcemia decrease as a RA activity increases, despite 
their direct correlation with the severity of destructive 
changes [7].

Most of the researchers agree that the HU negatively 
affects the course of RA. R. Wang et al., showed the ef-
fect of sodium mono-urate crystals on synovial fibroblasts 
in the RA patients, induces the expression of type-1 adhe-
sion of vascular endothelium molecules, which are respon-
sible for the adhesion of leukocytes to the vascular wall, 
and subsequent activation and dysfunction of the endothe-
lium [9].

F.S. Di Giovine et al., demonstrated the experiment on 
a dose-dependent effect of increasing production of tumor 
necrosis factor (TNF), the main pro-inflammatory cytokine in 
the pathogenesis of RA, after an exposure to sodium mono-
urate crystals on the blood monocytes. At the same time, 

crystals of calcium pyrophosphate or hydroxyapatite did not 
stimulate a significant part in the production of TNF [10].

According to the NHANES III study, RA could be considered 
a predictor of the HU in women along with a marriage, 
smoking, alcohol consumption, as well as high body mass 
index, high levels of C-reactive protein (CRP), and increased 
blood pressure and glomerular filtration rate [11].

Similar data were obtained in the study by D.M. Mohammed 
Ali et al., [12], where the levels of UA, CRP, chemerin, and 
visfatin were significantly higher in 60 patients with a RA than 
in the 30 patients without it.

A. Chiou et al., found that the level of UA of 405–476 µmol/L, 
increases the risk of lethal outcome from a cardiovascular 
disease [13].

The study aimed to investigate the relationship between 
the HU and clinical, laboratory, immunological, radiological, 
and functional characteristics of the RA.

MATERIALS AND METHODS
For the period from January 2000–April 2020, data 

from the 524 patients with RA verified in accordance with 
the 2010 EULAR/ACR criteria, were analyzed. All patients gave 
the informed consent to be included in the St. Petersburg 
City Registry of gout and asymptomatic HU. In 262 patients 
(the main group), the HU was detected with a blood serum 
level of uric acid >360 µmol/L. The remaining 262 patients 
were included in the comparison group. Patients of the main 
group were divided into the two subgroups of patients with 
low (<500 µmol/L) and high (≥500 µmol/L) HU. The study 
included 440 women and 84 men having the age >18 years. 
The mean age of the patients was 60 ± 13.6 years.

The exclusion criteria were, severe pathology of the car-
diovascular system (acute myocardial infarction <6 months 
ago, unstable angina), oncological and/or lympho-prolifer-
ative disease (current or past), severe liver disease (fibrosis 
stage III/IV), stage V chronic disease (including the renal re-
placement therapy), chronic infectious diseases (tuberculo-
sis, viral hepatitis B and C, HIV infection). To enter data into 
the register, individual numbers of the patients were indicated 
instead of their names.

The study was approved by the local Ethics committees 
of the Mechnikov Northwestern State Medical University 
and Clinical Rheumatology Hospital No. 25. The Statistical 
analysis was performed using a Statistica 8.0 software 
package. The nature of the data distribution was assessed 
by the graphical method and using the Shapiro–Wilk test. 
In case of a normal distribution of an attribute, it was 
described as M ± SD, where M is the mean value and SD is 
the standard deviation. When distributing the data that was 
different from the norm, the χ2 test was used. Differences 
and relationships were considered statistically significant at 
p < 0.05.
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RESULTS
Patients with the HU were distributed into two subgroups. 

The subgroup-1 included 152 patients with an average UA lev-
el of 435.8 ± 34.6 µmol/L, and the group-2 included 110 pa-
tients with an average UA level of >590.2 ± 92.2 µmol/L. 
In the comparison group, the average level of UA was 
249.7 ± 62.7 µmol/L. Table 1 presents the patient character-
istics’ relevant to the study.

Data of therapy with the glucocorticoids and basic anti-
inflammatory drugs are presented in the Table 2.

DISCUSSION
W.F. Weaver et al., showed that in RA and 

the degenerative joint diseases, the level of UA is higher in 
men [14]. In their work, J.R. Lambert et al., analyzed data 
of 48 patients with a RA. The HU was detected in 12% of 
the patients, and all they were male [15]. As in the above 
studies, according to our data, the level of UA in men is 
higher, and a direct relationship between the level of UA and 
age was observed, so that in the main group, the highest 
average age was registered.

Table 1. Demographic, laboratory, immunological, radiological, and functional characteristics of the patients with a rheumatoid arthritis
Таблица 1. Демографические, лабораторные, иммунологические, рентгенологические и функциональные характеристики пациентов 
с ревматоидным артритом

Parameter
Subgroup of patients 

with low hyperuricemia 
(n = 152)

Subgroup of patients 
with high hyperuricemia 

(n = 110)

Comparison 
group

(n = 262)
p-level

Age, years 62.79 ± 11.24 60.97 ± 14.09 57.98 ± 14.39 p2 < 0.05

Women, n (%) 139 (91.45) 79 (71.82) 222 (84.73) p1 < 0.05

Men, n (%) 13 (8.55) 31 (28.18) 40 (15.27) p1 < 0.05

Follow-up period for rheumatoid arthritis, 
years

2.48 ± 3.43 1.68 ± 3.53 0.58 ± 1.50 p2 < 0.05

Duration of hyperuricemia, years 3.02 ± 2.84 3.13 ± 3.75 – –

Number of seeking of medical help 2.86 ± 3.85 1.74 ± 1.35 1.35 ± 0.87 p2 < 0.05

Erythrocyte sedimentation rate, mm/h 29.25 ± 14.67 28.22 ± 14.39 30.14 ± 14.43 p ≥ 0.05

C-reactive protein, mg/L 21.10 ± 20.88 23.69 ± 29.93 22.48 ± 21.49 p ≥ 0.05

Rheumatoid factor positivity, n (%) 89 (58.55) 62 (56.37) 120 (46.15) p2 < 0.05

Positivity for antibodies to cyclic citrullinated 
peptide, n (%)

55 (36.18) 35 (31.82) 102 (40.31) p ≥ 0.05

Painful joints 15.54 ± 5.87 16.35 ± 6.23 9.37 ± 4.46 p2 < 0.05

Swollen joints 10.38 ± 7.21 11.68 ± 5.38 5.11 ± 3.92 p2 < 0.05

DAS28 5.56 ± 1.04 5.55 ± 1.12 5.53 ± 1.16 p ≥ 0.05

Rheumatoid arthritis, grade-I, n (%) 7 (4.61) 9 (8.18) 1 (0.38) p ≥ 0.05

Rheumatoid arthritis, grade-II, n (%) 55 (36.18) 36 (32.73) 102 (40.31) p ≥ 0.05

Rheumatoid arthritis, grade-III, n (%) 90 (59.21) 65 (59.09) 159 (60.69) p ≥ 0.05

X-ray stage-III or-IV, n (%) 57 (37.5) 38 (34.55) 81 (30.92) p ≥ 0.05

X-ray progression, n (%) 25 (16.45) 7 (6.36) 20 (33.33) p2 < 0.05

Period of radiographic progression, years 3.28 ± 2.57 1.71 ± 1.25 2.18 ± 2.21 p ≥ 0.05

Functional class-2 or-3, n (%) 149 (98.03) 108 (98.18) 260 (99.24) p ≥ 0.05

Downgrade in functional class, n (%) 7 (4.61) 2 (1.82) 7 (11.67) p ≥ 0.05

Period of functional class downgrade, years 3.36 ± 2.59 4.0 ± 4.24 3.29 ± 2.87 p ≥ 0.05

Osteopenia, n (%) 19 (12.5) 18 (16.37) 15 (5.73) p ≥ 0.05

Osteoporosis, n (%) 18 (11.84) 7 (6.36) 19 (7.25) p ≥ 0.05

Note: DAS28 — disease activity score 28 joints; p1 — significant differences between patients of all three groups; p2 — significant differences 
between patients of the main group and the comparison group.
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We did not evaluate the incidence of HU in the RA, as we 
formed the main and comparative groups equal in number 
of the patients. In a study by J. Ren et al., a total of 28.6% 
out of 30 RA patients had HU, and urate deposits, according 
to the dual-energy computed tomography, were revealed in 
6.7% of the patients in five urate deposit foci [16].

According to the results of the study by C. Petsch et al., 
out of 100 patients with RA, high HU predominated in men 
and patients >60 years of age and was also registered 
with a longer duration of RA and its moderate activity. 
Urate deposits were detected in every 5th patient, and RA 
seronegativity was detected in 70% of the patients, the level 
of which correlated with urate deposition in the tissues [17].

We also recorded the relationship of HU along with 
the duration of RA and the number of visits to the doctor. 
There was no significant relationship found between HU 
and the levels of acute phase parameters (ESR, CRP) and 
the level of activity according to DAS28, however we revealed 
significant differences in the number of painful and swollen 
joints in patients with HU (regardless of the UA level) and 
without HU. This may be because, the patients previously 
received therapy with the basic anti-inflammatory drugs. 
Similar data on a high level of systemic inflammation in 
patients with the RA and HU were obtained previously [18].

A significantly higher frequency of radiological progres-
sion, and a tendency to a decrease in the functional class 

Table 2. Data on treatment with the glucocorticoids and basic anti-inflammatory drugs
Таблица 2. Данные терапии глюкокортикоидами и базисными противовоспалительными препаратами

Drug
Subgroup of patients 

with low hyperuricemia  
(n = 152)

Subgroup of patients 
with high hyperuricemia  

(n = 110)

Comparison group
(n = 262) p-level

Glucocorticoids in terms of prednisolone, mg 7.54 ± 3.33 10.11 ± 4.50 8.82 ± 3.48 p ≥ 0.05

Dexamethasone intravenously, mg 14.93 ± 13.81 8.86 ± 2.27 13.1 ± 9.7 p ≥ 0.05

Methylprednisolone intravenously, mg 361.11 ± 131.76 333.33 ± 123.09 342.74 ± 128.97 p ≥ 0.05

Prednisolone intravenously, mg 123.75 ± 31.04 131.0 ± 31.29 145.95 ± 34.76 p ≥ 0.05

Methotrexate, mg 13.28 ± 4.80 10.79 ± 4.71 13.31 ± 4.23 p1 < 0.05

Methotrexate therapy, n (%) 106 (69.74) 76 (69.09) 222 (84.73) p2 < 0.05

Leflunomide, mg 18.89 ± 3.33 20 ± 0 20 ± 0 p ≥ 0.05

Leflunomide therapy, n (%) 9 (5.92) 6 (5.45) 12 (4.58) p ≥ 0.05

Sulfasalazine, mg 1454.55 ± 687.55 1428.57 ± 932.23 1833.33 ± 752.77 p ≥ 0.05

Sulfasalazine therapy, n (%) 11 (7.24) 7 (6.36) 6 (2.29) p2 < 0.05

Hydroxychloroquine, mg 223.53 ± 66.42 246.15 ± 87.71 240.0 ± 84.3 p ≥ 0.05

Hydroxychloroquine therapy, n (%) 17 (11.18) 13 (11.81) 10 (3.82) p ≥ 0.05

Cyclophosphamide, mg 250.0 ± 212.1 – 350 ± 0 p ≥ 0.05

Cyclophosphamide therapy, n (%) 1 (0.38) – 2 (0.76) p ≥ 0.05

Azathioprine, mg 50 ± 0 66.67 ± 28.87 75 ± 50 p ≥ 0.05

Azathioprine therapy, n (%) 3 (1.97) 3 (2.72) 4 (1.53) p ≥ 0.05

Mycophenolate mofetil, mg 250 ± 0 – – p ≥ 0.05

Therapy with mycophenolate mofetil, n (%) 1 (0.38) 0 (0) 0 (0) p ≥ 0.05

Chlorbutin, mg 4 ± 0 – – p ≥ 0.05

Chlorbutin therapy, n (%) 1 (0.38) 0 (0) 0 (0) p ≥ 0.05

D-penicillamine, mg 250 ± 0 – – p ≥ 0.05

Therapy with D-penicillamine, n (%) 1 (0.38) 0 (0) 0 (0) p ≥ 0.05

Genetically engineered biological products, n (%) 3 (1.97) 0 (0) 2 (0.76) p ≥ 0.05

Osteoporosis therapies, n (%) 22 (14.47) 9 (8.18) 10 (3.82) p ≥ 0.05

Note: p1 — significant differences between patients from two subgroups; p2 — significant differences between patients of the main group and 
the comparison group.
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with a high level of UA are of interest. The periods of a ra-
diological progression are also longer in the HU patients than 
in the control group patients, but this difference did not reach 
the required degree of significance.

Some authors [19] suggested that chronic inflammation in 
the RA is directly affected by the increased levels of UA (due 
to an increased production of CRP, cytokines, and superoxide 
by neutrophils) and the accumulation of mono-sodium urate 
crystals, which prevents local bone remodeling due to 
an excessive formation of the osteoclasts and decreased 
differentiation of osteoblasts.

H. Zhuoran et al., demonstrated that in a group of 
male patients <50 years and premenopausal women, 
the diseases such as ankylosing spondylitis and systemic 
lupus erythematosus (SLE) affects the decrease in the bone 
mineral density. At the same time, the osteopenia and 
osteoporosis were more often noted in men >50 years of 
age and postmenopausal women with the RA, osteoarthritis, 
and SLE. HU has been recognized as a factor preventing 
a bone loss [20].

In another study [21], the authors revealed a positive 
correlation between the level of UA and bone mineral density 
of the thigh (not the lower back) and concluded on a possible 
protective role of UA in the process of a bone loss in RA in 
the hip area.

In our study, there were no significant differences in 
the incidence of the osteopenia and osteoporosis between 
the groups, but it is worth noting the higher incidence 
conditions in the group of the HU patients. Underdiagnosis of 
bone metabolism disorders in this group of patients cannot 
be ruled out. Patients with the HU received therapy for 
osteoporosis more often (probably due to the higher incidence 
of osteoporosis in the group), however, the differences from 
corresponding indications in the comparison group did not 
reach the required degree of significance.

F. Perez-Ruiz et al., demonstrated the urate-lowering 
effect of the leflunomide. In 37 patients with the RA, the blood 
serum levels of UA, creatinine, and phosphate, as well as 
their daily excretion before, during, and after treatment 
with the leflunomide were assessed. There was a decrease 
in the level of UA and phosphate in the blood serum with 
a parallel increase in the clearance and fractional excretion 
of the urates, as well as a decrease in tubular reabsorption of 
the phosphate. The amount of creatinine clearance in the urine 
was unchanged. Two weeks after the drug withdrawal, 
a partial return to the baseline values was noted. No cases 
of gouty arthritis identified [22].

Similar results were obtained by the authors of another 
study [23], who analyzed the metabolic syndrome and urate-
lowering effect of the leflunomide in 177 patients with a RA. 
The levels of UA and other markers of oxidative stress in 
patients with and without the RA did not differ. With the intake 
of leflunomide, the UA levels and total antioxidant radical 

scavenging parameter decreased, while carbonyl protein 
levels and the nitric oxide ratio of metabolites to total 
antioxidant radical scavenging parameter increased.

J.Y. Choe et al., evaluated UA excretion in 172 patients 
treated with the methotrexate and leflunomide and in 
27 patients treated with a methotrexate alone. They proved 
that, leflunomide reduces the blood serum concentration 
of UA, by increasing its excretion in the urine, which is not 
associated with a change in the RA activity [24].

H. Gosselt et al., studied predictors of response to metho-
trexate therapy in 82 patients with the RA from the Rotterdam 
cohort (tREACH study). They found that the initial concentra-
tions of the homocysteine, taurine, adenosine triphosphate, 
guanosine diphosphate, and UA were significantly lower, and 
1,3-/2,3-diphosphoglyceric acid, glycerol-3-phosphate, and 
phosphoenolpyruvate were significantly higher in the blood 
plasma of the patients, who did not have sufficient response 
to therapy [25].

Another study demonstrated in RA patients showed, 
24 h after the administration of methotrexate, the levels 
of UA (from 205.5 ± 13.5–160.9 ± 13.5 μmol/L) and other 
components of the nucleotide metabolism, hypoxanthine, and 
uridine, significantly decrease [26].

J. Lee et al., studied the effect of methotrexate on UA 
levels based on the data from the Canadian cohort of patients 
with early RA (CATCH). In the main group, they noted a greater 
decrease in the UA levels (from 300–273 µmol/L) than in 
the control group of patients who did not take methotrexate 
(from 280–282 µmol/L). In the main group, compared with 
the control group, there was a greater decrease in the DAS28 
index (2.37 and 3.26, respectively) after 18 months of 
the treatment [27].

N.A. Bileciik et al., showed that, in patients with a RA 
and metabolic syndrome have higher UA levels than the RA 
patients without it. The frequency of a metabolic syndrome 
in patients taking methotrexate was significantly lower [28].

The authors of another study examined the metabolic 
biomarkers that could predict response to four-week 
methotrexate therapy in rats with a collagen-induced arthritis. 
Using a nuclear magnetic resonance, a spectral analysis 
of the urine samples from rats with a response to therapy 
(n = 20) and without a response (n = 11) was performed. 
The UA and some other metabolites (taurine, histidine, 
methionine, glycine, etc) were chosen as biomarkers for 
predicting response to a methotrexate therapy [29].

In the research of R. Araiza-Casillas et al., a total of 
15 RA patients received the hydroxychloroquine at a dose 
of 400 mg/day for three months. There were no changes in 
the level of UA during the therapy, but a decrease in the level 
of triglycerides and an increase in the insulin tolerance were 
noted.

According to our data, in relation to the RA therapy, 
HU patients received sulfasalazine significantly more often 
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than the methotrexate, and dose of the methotrexate was 
significantly lower in the subgroup of the patients with higher 
levels of UA.

CONCLUSIONS
HU adversely affects the course of RA. It is associated 

with a direct (a greater number of the painful and swollen 
joints) and indirect (longer follow-up period and greater 
number of visits to the doctor) signs of its’ severe course.

The absence of a relationship between the HU and gen-
erally recognized markers of activity (ESR, CRP, DAS28 
index), and the immunological profile (rheumatoid factor, 

positivity for antibodies to cyclic citrullinated peptide) of 
the RA, as well as its ambiguous relationship with its ra-
diological progression, functional joint insufficiency, and 
the rate of decrease in bone density, were caused by the im-
munosuppressive therapy.

ADDITIONAL INFORMATION
Funding. The study had no external funding.
Conflict of interest. The authors declare no conflict of interest.
All authors made a significant contribution to the study and 

preparation of the article, read, and approved the final version before 
its publication.

REFERENCES
1. Lussier A de Medicis R, Marquis L, Menard H. Inhibition of 
adjuvant-induced arthritis in the hyperuricemic rat. Agents Actions. 
1978;8(5):536–542. DOI: 10.1007/BF02111442
2. A Lussier de Medicis R, Tetreault L. Effect of a high serum uric 
acid diet and injections of urate crystals on adjuvant arthritis in the 
rat. Rev Rhum Mal Osteoartic. 1980;47(6):393–398. (In French)
3. Chang YH, Bluestone RYH. Adjuvant polyarthritis. VI. Effect 
of oxonate-induced hyperuricemia on the development of acute 
inflammation, immune response and adjuvant arthritis. J Pharmacol 
Exp Ther. 1981;219(3):731–734.
4. Turner RA, Pisko EJ, Agudelo CA, et al. Uric acid effects on in vitro 
models of rheumatoid inflammatory and autoimmune processes. 
Ann Rheum Dis. 1983;42(3):338–342. DOI: 10.1136/ard.42.3.338
5. Situnayake RD, Thurnham DI, Kootathep S, et al. Chain 
breaking antioxidant status in rheumatoid arthritis: clinical 
and laboratory correlates. Ann Rheum Dis. 1991;50(2):81–86. 
DOI: 10.1136/ard.50.2.81
6. Agudelo CA, Turner RA, Panetti M, Pisko E. Does hyperuricemia 
protect from rheumatoid inflammation? A clinical study. Arthritis 
Rheum. 1984;27(4):443–448. DOI: 10.1002/art.1780270412
7. Pekhlivanov D, Khadzhiev SN. Correlation between blood 
 levels of uric acid and calcium in rheumatoid arthritis and de-
forming   polyosteoarthrosis. Revmatologiia (Mosk). 1989;(2):12–15.
8. Mahajan M, Kaur S, Mahajan S, Kant R. Uric acid a better scavenger 
of free radicals than vitamin C in rheumatoid arthritis. Indian J Clin 
Biochem. 2009;24(2):205–207. DOI: 10.1007/s12291-009-0038-6
9. Wang R, Huang W, Liang X. Involvement of mitogen-
activated protein kinases and peroxisome proliferator-activated 
receptor γ in monosodium urate crystal-induced vascular 
cell adhesion molecule  1 expression in human rheumatoid 
arthritis synovial fibroblasts. Int J Mol Med. 2012;29(5):877–882. 
DOI: 10.3892/ijmm.2012.925
10. Di Giovine FS, Malawista SE, Thornton E, Duff GW. Urate crystals 
stimulate production of tumor necrosis factor alpha from human 
blood monocytes and synovial cells. Cytokine mRNA and protein 
kinetics, and cellular distribution. J Clin Invest. 1991;87(4):1375–1381. 
DOI: 10.1172/JCI115142

11. Magnus JH, Shankar A, Broussard DL. Self-report of de-
pressive symptoms in African American and white wom-
en in primary care. J Natl Med Assoc. 2010;102(5):389–395. 
DOI: 10.1016/s0027-9684(15)30573-3
12. Mohammed Ali DM, Al-Fadhel SZ, Al-Ghuraibawi NHA, 
Al-Hakeim HK. Serum chemerin and visfatin levels and their ratio as 
possible diagnostic parameters of rheumatoid arthritis. Reumatologia. 
2020;58(2):67–75. DOI: 10.5114/reum.2020.95359
13. Chiou A, England BR, Sayles H, et al. Coexistent hyperuricemia 
and gout in rheumatoid arthritis: associations with comorbidities, 
disease activity, and mortality. Arthritis Care Res (Hoboken). 
2020;72(7):950–958. DOI: 10.1002/acr.23926
14. Weaver WF, Smyth CJ. Serum urate in degenerative joint 
disease and rheumatoid arthritis. Arthritis Rheum. 1963;6:372–376. 
DOI: 10.1002/art.1780060408
15. Lambert JR, Wright V. Serum uric acid levels in psoriatic arthritis. 
Ann Rheum Dis. 1977;36(3):264–267. DOI: 10.1136/ard.36.3.264
16. Ren J, Zhou Y, Wu H, et al. Value of dual-energy computed 
tomography in the diagnosis of gouty arthritis. Nan Fang Yi Ke Da 
Xue Xue Bao. 2015;35(3):384–386. (In Chinese) 
17. Petsch C, Araujo EG, Englbrecht M, et al. Prevalence of 
monosodium urate deposits in a population of rheumatoid 
arthritis patients with hyperuricemia. Semin Arthritis Rheum. 
2016;45(6):663–668. DOI: 10.1016/j.semarthrit.2015.11.014
18. Mazurov VI, Bashkirov RA, Fonturenko AYu, et al. Features of 
the course of rheumatoid arthritis and osteoarthritis in patients with 
asymptomatic hyperuricemia. Herald of North-Western State Medical 
University named after I.I. Mechnikov. 2020;12(3):63–72.  (In Russ). 
DOI: 10.17816/mechnikov44234
19. Luczak A, Knevel R, Huizinga TW, et al. No impact of serum 
uric acid on the outcome of recent-onset arthritis. Ann Rheum Dis. 
2012;71(8):1424–1425. DOI: 10.1136/annrheumdis-2011-201027
20. Hu Z, Xu S, Lin H, et al. Prevalence and risk factors for bone loss 
in Southern Chinese with rheumatic diseases. BMC Musculoskelet 
Disord. 2020;21(1):416. DOI: 10.1186/s12891-020-03403-1
21. Lee HN, Kim A, Kim Y, et al. Higher serum uric acid levels are 
associated with reduced risk of hip osteoporosis in postmeno-



DOI: https://doi.org/10.17816/mechnikov80731

50

  Herald of North-Western State Medical University 
ORIGINAL RESEARCH Vol. 13 (3) 2021 named after I.I. Mechnikov

pausal women with rheumatoid arthritis. Medicine (Baltimore). 
2020;99(24):e20633. DOI: 10.1097/MD.0000000000020633
22. Perez-Ruiz F, Nolla JM, et al. Influence of leflunomide 
on renal handling of urate and phosphate in patients with 
rheumatoid arthritis. J Clin Rheumatol. 2003;9(4):215–218. 
DOI: 10.1097/01.rhu.0000081470.31167.8b
23. Costa NT, Scavuzzi BM, Iriyoda TMV, et al. Metabolic syndrome 
and the decreased levels of uric acid by leflunomide favor redox 
imbalance in patients with rheumatoid arthritis. Clin Exp Med. 
2018;18(3):363–372. DOI: 10.1007/s10238-018-0500-y
24. Choe JY, Kim SK. Association between serum uric acid and 
inflammation in rheumatoid arthritis: perspective on lowering 
serum uric acid of leflunomide. Clin Chim Acta. 2015;438:29–34. 
DOI: 10.1016/j.cca.2014.07.039
25. Gosselt HR, Muller IB, Jansen G, et al. Identification of metabolic 
biomarkers in relation to methotrexate response in early rheumatoid 
arthritis. J Pers Med. 2020;10(4):271. DOI: 10.3390/jpm10040271
26. Smoleńska Z, Kaznowska Z, Zarówny D, et al. Effect of 
methotrexate on blood purine and pyrimidine levels in patients with 

rheumatoid arthritis. Rheumatology (Oxford). 1999;38(10):997–1002. 
DOI: 10.1093/rheumatology/38.10.997
27. Lee J.J., Bykerk VP, Dresser GK, et al. Reduction in serum uric 
acid may be related to methotrexate efficacy in early rheumatoid 
arthritis: data from the Canadian Early Arthritis Cohort  (CATCH). 
Clin Med Insights Arthritis Musculoskelet Disord. 2016;9:37–43. 
DOI: 10.4137/CMAMD.S38092
28. Bilecik NA, Tuna S, Samancı N, et al. Prevalence of metabolic 
syndrome in women with rheumatoid arthritis and effective factors. 
Int J Clin Exp Med. 2014;7(8):2258–2265.
29. Chen Z, Tu S, Hu Y, et al. Prediction of response of collagen-
induced arthritis rats to methotrexate: an  (1)H-NMR-based urine 
metabolomic analysis. J Huazhong Univ Sci Technolog Med Sci. 
2012;32(3):438–443. DOI: 10.1007/s11596-012-0076-9
30. Araiza-Casillas R, Díaz-Molina R, González-Ortiz M, Robin-
son-Navarro OM. Effects of hydroxychloroquine on insulin 
sensitivity and lipid profile in patients with rheumatoid ar-
thritis. Rev Med Chil. 2013;141(8):1019–1025.  (In Spanish). 
DOI: 10.4067/S0034-98872013000800008

СПИСОК ЛИТЕРАТУРЫ
1. Lussier A., de Medicis R., Marquis L., Menard H. Inhibition of 
adjuvant-induced arthritis in the hyperuricemic rat // Agents Actions. 
1978. Vol. 8, No. 5. P. 536–542. DOI: 10.1007/BF02111442
2. Lussier A., de Medicis R., Tetreault L. Effect of a high serum uric 
acid diet and injections of urate crystals on adjuvant arthritis in the 
rat // Rev. Rhum. Mal. Osteoartic. 1980. Vol. 47, No. 6. P. 393–398. 
(In French)
3. Chang Y.H., Bluestone R.Y.H. Adjuvant polyarthritis. VI. Effect of 
oxonate-induced hyperuricemia on the development of acute inflam-
mation, immune response and adjuvant arthritis // J. Pharmacol. Exp. 
Ther. 1981. Vol. 219, No. 3. 731–734.
4. Turner R.A., Pisko E.J., Agudelo C.A. et al. Uric acid effects on 
in vitro models of rheumatoid inflammatory and autoimmune 
processes // Ann. Rheum. Dis. 1983. Vol. 42, No. 3. P. 338–342. 
DOI: 10.1136/ard.42.3.338
5. Situnayake R.D., Thurnham D.I., Kootathep S. et al. Chain breaking 
antioxidant status in rheumatoid arthritis: clinical and laboratory 
correlates // Ann. Rheum. Dis. 1991. Vol. 50, No. 2. P. 81–86. 
DOI: 10.1136/ard.50.2.81
6. Agudelo C.A., Turner R.A., Panetti M., Pisko E. Does hyperuricemia 
protect from rheumatoid inflammation? A clinical study // Arthritis 
Rheum. 1984. Vol. 27, No. 4. P. 443–448. DOI: 10.1002/art.1780270412
7. Pekhlivanov D., Khadzhiev S.N. Correlation between blood 
levels of uric acid and calcium in rheumatoid arthritis and de-
forming polyosteoarthrosis // Revmatologiia  (Mosk). 1989. No. 2. 
P. 12–15.
8. Mahajan M., Kaur S., Mahajan S., Kant R. Uric acid a bet-
ter scavenger of free radicals than vitamin C in rheumatoid ar-
thritis  // Indian J. Clin. Biochem. 2009. Vol. 24, No. 2. P. 205–207. 
DOI: 10.1007/s12291-009-0038-6
9. Wang R., Huang W., Liang X. Involvement of mitogen-activat-
ed protein kinases and peroxisome proliferator-activated recep-

tor γ in monosodium urate crystal-induced vascular cell adhesion 
molecule 1 expression in human rheumatoid arthritis synovial 
fibroblasts  // Int. J. Mol. Med. 2012. Vol. 29, No. 5. P. 877–882. 
DOI: 10.3892/ijmm.2012.925
10. Di Giovine F.S., Malawista S.E., Thornton E., Duff G.W. Urate 
crystals stimulate production of tumor necrosis factor alpha from 
human blood monocytes and synovial cells. Cytokine mRNA and 
protein kinetics, and cellular distribution // J. Clin. Invest. 1991. Vol. 87, 
No. 4. P. 1375–1381. DOI: 10.1172/JCI115142
11. Magnus J.H., Shankar A., Broussard D.L. Self-report of 
depressive symptoms in African American and white women in 
primary care // J. Natl. Med. Assoc. 2010. Vol. 102, No. 5. P. 389–395. 
DOI: 10.1016/s0027-9684(15)30573-3
12. Mohammed Ali D.M., Al-Fadhel S.Z., Al-Ghuraibawi N.H.A., 
Al-Hakeim H.K. Serum chemerin and visfatin levels and their ratio as 
possible diagnostic parameters of rheumatoid arthritis // Reumatologia. 
2020. Vol. 58, No. 2. P. 67–75. DOI: 10.5114/reum.2020.95359
13. Chiou A., England B.R., Sayles H. et al. Coexistent hyperuricemia 
and gout in rheumatoid arthritis: associations with comorbidities, 
disease activity, and mortality // Arthritis Care Res. (Hoboken). 2020. 
Vol. 72, No. 7. P. 950–958. DOI: 10.1002/acr.23926
14. Weaver W.F., Smyth C.J. Serum urate in degenerative joint disease 
and rheumatoid arthritis // Arthritis Rheum. 1963. Vol. 6. P. 372–376. 
DOI: 10.1002/art.1780060408
15. Lambert J.R., Wright V. Serum uric acid levels in psoriatic 
arthritis  // Ann. Rheum. Dis. 1977. Vol. 36, No. 3. P. 264–267. 
DOI: 10.1136/ard.36.3.264
16. Ren J., Zhou Y., Wu H. et al. Value of dual-energy computed 
tomography in the diagnosis of gouty arthritis // Nan. Fang. Yi. Ke. 
Da. Xue. Xue. Bao. 2015. Vol. 35, No. 3. P. 384–386. (In Chinese)
17. Petsch C., Araujo E.G., Englbrecht M. et al. Prevalence of 
monosodium urate deposits in a population of rheumatoid arthritis 



DOI: https://doi.org/10.17816/mechnikov80731

51

  Вестник Северо-Западного государственного 
ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ Том 13, № 3, 2021 медицинского университета им. И.И. Мечникова

patients with hyperuricemia // Semin. Arthritis Rheum. 2016. Vol. 45, 
No. 6. P. 663–668. DOI: 10.1016/j.semarthrit.2015.11.014
18. Мазуров В.И., Башкинов Р.А., Фонтуренко А.Ю. и др. Осо-
бенности течения ревматоидного артрита и остеоартри-
та у пациентов с бессимптомной гиперурикемией // Вест-
ник Северо-Западного государственного медицинского 
университета им. И.И. Мечникова. 2020. Т. 12, № 3. С. 63–72. 
DOI: 10.17816/mechnikov44234
19. Luczak A., Knevel R., Huizinga T.W. et al. No impact 
of serum uric acid on the outcome of recent-onset arthri-
tis // Ann. Rheum. Dis. 2012. Vol. 71, No. 8. P. 1424–1425. 
DOI: 10.1136/annrheumdis-2011-201027
20. Hu Z., Xu S., Lin H. et al. Prevalence and risk factors for 
bone loss in Southern Chinese with rheumatic di seases  // 
BMC Musculoskelet. Disord. 2020. Vol. 21, No. 1. P. 416. 
DOI: 10.1186/s12891-020-03403-1
21. Lee H.N., Kim A., Kim Y. et al. Higher serum uric acid levels are 
associated with reduced risk of hip osteoporosis in postmenopausal 
women with rheumatoid arthritis // Medicine  (Baltimore). 2020. 
Vol. 99, No. 24. P. e20633. DOI: 10.1097/MD.0000000000020633
22. Perez-Ruiz F., Nolla J.M. Influence of leflunomide on renal 
handling of urate and phosphate in patients with rheumatoid 
arthritis  // J. Clin. Rheumatol. 2003. Vol. 9, No. 4. P. 215–218. 
DOI: 10.1097/01.rhu.0000081470.31167.8b
23. Costa N.T., Scavuzzi B.M., Iriyoda T.M.V. et al. Metabolic syndrome 
and the decreased levels of uric acid by leflunomide favor redox 
imbalance in patients with rheumatoid arthritis // Clin. Exp. Med. 
2018. Vol. 18, No. 3. P. 363–372. DOI: 10.1007/s10238-018-0500-y

24. Choe J.Y., Kim S.K. Association between serum uric acid and 
inflammation in rheumatoid arthritis: perspective on lowering serum 
uric acid of leflunomide // Clin. Chim. Acta. 2015. Vol. 438. P. 29–34. 
DOI: 10.1016/j.cca.2014.07.039
25. Gosselt H.R., Muller I.B., Jansen G. et al. Identification of 
metabolic biomarkers in relation to methotrexate response in early 
rheumatoid arthritis // J. Pers. Med. 2020. Vol. 10, No. 4. P. 271. 
DOI: 10.3390/jpm10040271
26. Smoleńska Z., Kaznowska Z., Zarówny D. et al. Effect of 
methotrexate on blood purine and pyrimidine levels in patients with 
rheumatoid arthritis // Rheumatology (Oxford). 1999. Vol. 38, No. 10. 
P. 997–1002. DOI: 10.1093/rheumatology/38.10.997
27. Lee J.J., Bykerk V.P., Dresser G.K. et al. Reduction in serum uric 
acid may be related to methotrexate efficacy in early rheumatoid 
arthritis: data from the Canadian Early Arthritis Cohort (CATCH) // Clin. 
Med. Insights Arthritis Musculoskelet. Disord. 2016. Vol. 9. P. 37–43. 
DOI: 10.4137/CMAMD.S38092
28. Bilecik N.A., Tuna S., Samancı N. et al. Prevalence of metabolic 
syndrome in women with rheumatoid arthritis and effective factors // 
Int. J. Clin. Exp. Med. 2014. Vol. 7, No. 8. P. 2258–2265.
29. Chen Z., Tu S., Hu Y. et al. Prediction of response of collagen-
induced arthritis rats to methotrexate: an  (1)H-NMR-based urine 
metabolomic analysis // J. Huazhong. Univ. Sci. Technolog. Med. Sci. 
2012. Vol. 32, No. 3. P. 438–443. DOI: 10.1007/s11596-012-0076-9
30. Araiza-Casillas R., Díaz-Molina R., González-Ortiz M., Robinson-Na-
varro O.M. Effects of hydroxychloroquine on insulin sensitivity and lipid 
profile in patients with rheumatoid arthritis // Rev. Med. Chil. 2013. Vol. 141, 
No. 8. P. 1019–1025. (In Spanish). DOI: 10.4067/S0034-98872013000800008

AUTHORS INFO ОБ АВТОРАХ
Vadim I. Mazurov, MD, Dr. Sci. (Med.), Professor,  
Honoured Science Worker, Academician of the RAS;  
ORCID: https://orcid.org/0000-0002-0797-2051;  
Scopus Author ID: 16936315400;  
ResearcherId: A-8944-2016;  
еLibrary SPIN: 6823-5482;  
e-mail: maz.nwgmu@yandex.ru

Вадим Иванович Мазуров, д-р мед. наук, профессор, 
 заслуженный деятель науки РФ, академик РАН;  
ORCID: https://orcid.org/0000-0002-0797-2051;  
Scopus Author ID: 16936315400;  
ResearcherId: A-8944-2016;  
еLibrary SPIN: 6823-5482;  
e-mail: maz.nwgmu@yandex.ru

Inna Z. Gaydukova, MD, Dr. Sci. (Med.);  
ORCID: https://orcid.org/0000-0003-3500-7256;  
Scopus Author ID: 55237525900; ResearcherId: F-6020-2013; 
еLibrary SPIN: 3083-7996; e-mail: ubp1976@list.ru

Инна Зурабиевна Гайдукова, д-р мед. наук;  
ORCID: https://orcid.org/0000-0003-3500-7256;  
Scopus Author ID: 55237525900; ResearcherId: F-6020-2013; 
еLibrary SPIN: 3083-7996; e-mail: ubp1976@list.ru

Aleksandra Yu. Fonturenko;  
ORCID: https://orcid.org/0000-0003-4860-0518;  
еLibrary SPIN: 5613-9035;  
e-mail: aleksa.fonturenko@mail.ru

Александра Юрьевна Фонтуренко;  
ORCID: https://orcid.org/0000-0003-4860-0518;  
еLibrary SPIN: 5613-9035;  
e-mail: aleksa.fonturenko@mail.ru

Roman A. Bashkinov;  
ORCID: https://orcid.org/0000-0001-9344-1304;  
еLibrary SPIN: 5169-5066;  
e-mail: bashkinov-roman@mail.ru

Роман Андреевич Башкинов;  
ORCID: https://orcid.org/0000-0001-9344-1304;  
еLibrary SPIN: 5169-5066;  
e-mail: bashkinov-roman@mail.ru



DOI: https://doi.org/10.17816/mechnikov80731

52

  Herald of North-Western State Medical University 
ORIGINAL RESEARCH Vol. 13 (3) 2021 named after I.I. Mechnikov

AUTHORS INFO ОБ АВТОРАХ
Marianna S. Petrova, MD, Cand. Sci. (Med.);  
ORCID: https://orcid.org/0000-0001-5261-6614;  
e-mail: podagra@bk.ru

Марианна Семеновна Петрова, канд. мед. наук;  
ORCID: https://orcid.org/0000-0001-5261-6614;  
e-mail: podagra@bk.ru

* Oksana V. Inamova;  
address: 41 Kirochnaya St., Saint Petersburg, 191015, Russia;  
ORCID: https://orcid.org/0000-0001-9126-3639;  
еLibrary SPIN: 8841-5496;  
e-mail: b25@zdrav.spb.ru

* Оксана Владимировна Инамова;  
адрес: Россия, 191015, Санкт-Петербург, Кирочная ул., д. 41;  
ORCID: https://orcid.org/0000-0001-9126-3639;  
еLibrary SPIN: 8841-5496;  
e-mail: b25@zdrav.spb.ru

* Corresponding author / Автор, ответственный за переписку


	_Hlk85474569
	_Hlk73897986
	Лекарственно-индуцированная диарея, ассоциированная с приемом противоопухолевых препаратов
	Дифференциальная диагностика и прогнозирование воспалительных заболеваний кишечника: современные подходы
	Прогнозирование развития предиабета и сахарного диабета 2-го типа: современные подходы
	Клинико-иммунологические особенности сочетанного течения ревматоидного артрита и гиперурикемии
	Изменение кумулятивной шкалы рейтинга заболеваний для оценки риска инфекционных осложнений после кесарева сечения
	Роль Международной классификации функционирования, ограничений жизнедеятельности и здоровья в комплексной реабилитации кардиологических больных
	Повреждение эндотелиального гликокаликса у пациентов с ревматоидным артритом
	Динамика клинических проявлений синдрома раздраженного кишечника на фоне приема ребамипида: промежуточные результаты исследования СОКРАТ
	Формирование некротизирующего васкулита у пациентки с диффузной В-крупноклеточной лимфомой на фоне терапии ингибитором иммунных контрольных точек PD-1
	Системный транстиретиновый амилоидоз с рецидивирующими плевральными выпотами у пожилой пациентки
	Drug-induced diarrhea associated with antineoplastic drugs
	Diagnosis and prognosis of inflammatory bowel diseases: modern view
	Current possibilities of prediction of the development of pre-diabetes and type 2 diabetes mellitus
	Clinical and immunological relationships in patients with rheumatoid arthritis and hyperuricemia
	Estimation of the possibility of application of the modified cumulative illness rating scale (CIRS‑Obs) for prediction of postpartum infections and antimicrobial resistance
	The role of the International classification of functioning in the complex rehabilitation of cardiac patients
	Disruption of endothelial glycocalyx in patients with rheumatoid arthritis
	Dynamics of clinical manifestations of irritable bowel syndrome against the background of the use of the cytoprotector rebamipide: intermediate results of the SOKRAT program
	Formation of necrotizing vasculitis in a patient with diffuse B-cell large cell lymphoma on immune checkpoint inhibitor (PD-1) therapy
	Systemic transtiretin amyloidosis in an elderly patient with recurrent pleural adhesions

