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Abstract: Rheumatoid arthritis (RA) is characterized by chronic inflammation and autoimmunity. Moreover, the disease activity, co- 
morbidities, and prognosis of RA are closely associated with changes in red blood cell (RBC)-related parameters. The role of these 
parameters in RA has therefore been extensively studied. Accordingly, this article summarizes and analyzes the close relationship of 
RBC-related parameters such as RBC count, hemoglobin, and RBC distribution width with disease activity, co-morbidities, and 
prognosis in RA by reviewing the available literature. In addition, given the immunomodulatory functions of RBCs, their surface 
proteins, contents, and microparticles are involved in the immunomodulatory process during RA. Overall, this review aims to assess 
the important clinical value and immunological significance of RBCs and their related parameters in the monitoring and management 
of RA, thus providing a reference for the clinical diagnosis and treatment of RA and the direction for the research on RBC-related 
immunity. 
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Introduction
Rheumatoid arthritis (RA) is a chronic, systemic, autoimmune inflammatory disease that primarily involves the joints and 
periarticular soft tissues.1 RA usually presents with symmetric polyarticular pain, swelling, and stiffness, which most 
often occur in the joints of both hands, and possibly joint deformity in advanced cases.2 RA is characterized by a long 
disease course and high disability rate, which seriously jeopardizes the health and quality of life of patients and also 
causes huge economic losses to the social health system.3 While RA is mostly attributed to genetic factors, the risk of 
developing the disease is cumulatively increased by environmental factors as well.4,5 Inflammatory and immune 
responses are the most fundamental pathological changes in RA, which affect red blood cells (RBCs), the most 
widespread and common blood cells in the body. Therefore, RBCs also play an important role in the pathogenesis of 
RA. The inflammatory response in RA alters the number and function of RBCs, which manifests as the development of 
other progressive features of the disease.6 It has been demonstrated that there is a positive correlation between RBC 
counts and the erosion degree of RA joints.7 In addition, RBCs have immunomodulatory functions, including regulating 
the activation and migration of immune cells and participating in the delivery of inflammatory mediators. Notably, RBC- 
derived microparticles (RMPs) can directly contribute to the pathogenesis of RA by modulating immune cell activation.8

Disease activity score in 28 joints (DAS-28), immunoglobulin (IgG), rheumatoid factor (RF), and anti-cyclic 
citrullinated peptide antibody have been often used to assess disease activity in RA, which are essential for monitoring 
disease progression and guiding therapeutic decision-making. Nevertheless, the testing of these indicators is not highly 
reproducible due to the influence of various factors such as subjective bias of patients and testing costs, and their 
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dynamic monitoring is limited by high testing costs. The routine blood test, which includes RBC counts and a battery of 
RBC-related parameters, is a standardized, automated, and simple test at no additional cost, which enables its wide 
application in clinical settings. Therefore, RBCs and their related parameters are of great clinical value and immunolo
gical significance in RA. In this context, this article mainly summarizes and analyzes the existing studies on RBC-related 
parameters in RA, thereby providing references for the clinical diagnosis and treatment of RA and pointing out the 
direction for future research.

RBCs as an Important Component of the Immune System
RBCs are the most plentiful type of blood cells in the blood, with 2×1013−3 × 1013 RBCs in an adult. In general, RBCs 
function primarily for the transportation and release of oxygen. Additionally, RBCs can also perform an immune function 
in the complex immune system and immune response.9 In 1981, Siegel et al first proposed the concept of RBC immune 
system, who observed that erythrocytes could recognize the third and fourth components of complement (C3b or C4b) 
through surface receptors and adhere to antigen-antibody-complement complexes, thus performing their immune function 
via immunoadhesion.10 In recent years, the immune function of RBCs has aroused enormous attention in the field of 
immunology. For instance, mature and nucleated RBCs in mammals have been reported to have immune potential and 
participate in both intrinsic immunity and adaptive immunomodulation.11,12 Several studies have also revealed that RBCs 
are more likely than white blood cells to be charged through triboelectrification during high-speed flow in the blood 
circulation, attracting and phagocytosing pathogens with opposite charges and killing pathogens via intracellular 
oxygen.13,14 Minasyan et al14 found that RBCs in the blood of patients with bacteremia could repeatedly phagocytose 
and kill bacteria of different types and sizes, implicating the killing function of RBCs. RBCs contain abundant cytokines, 
including a wide range of pro- and anti-inflammatory factors, chemokines, and growth factors.15 RBCs possess the 
capabilities of signaling, as well as receiving signals from other cells, which can further induce inflammatory responses 
and influence immune function. Therefore, RBCs are a key component of the immune system.16 We drew a schematic 
diagram of RBCs in inflammatory state, as shown in Figure 1.

Clinical Value of RBC-Related Parameters in RA
RBC Counts
In the normal human body, a strictly controlled balance exists between the production and clearance of RBC counts. 
However, this balance is usually disrupted during inflammation in infectious, autoimmune, and inflammatory diseases, 
resulting in acute or chronic anemia. Since the inflammatory environment of RA can inhibit erythropoiesis, anemia is one 
of the common extra-articular manifestations of RA.17 A study by Wolfe et al involving 2120 RA patients displayed that 
the prevalence of anemia in RA patients was 31.5%, which was three times higher than that in the general population.18 

In RA, anemia secondary to inflammation occurs as a result of two main factors. First, pro-inflammatory cytokines, such 
as interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α, can not only decrease EPO production by repressing 
erythropoietin (EPO) gene transcription19 but also reduce erythropoiesis by dampening the effect of EPO on erythroid 
progenitor cells in the bone marrow.20 Second, circulating monocytes in RA patients can re-differentiate into macro
phages with high hemophagocytic capacity, enhancing hemophagocytosis and thus increasing RBC clearance.17 As 
reported, the development of anemia in patients with early RA is strongly associated with increased levels of 

Figure 1 The process of erythropoiesis in the inflammatory state.
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inflammatory factors in the body. Specifically, pro-inflammatory cytokines contribute to the development of anemia in 
RA patients by regulating iron metabolism and suppressing erythropoiesis in bone marrow.21,22 Prior studies demon
strated that IL-6 in RA patients not only depressed erythropoiesis in bone marrow23 but also fostered the production of 
hepcidin mRNA, resulting in an increase in hepcidin.22 Hepcidin is considered a key factor in rheumatoid anemia due to 
its function in lowering serum iron levels and regulating iron transmembrane transport.24 Steenbergen et al concluded 
that anemia could be utilized to assess disease activity in RA patients because their studies unveiled that RA patients with 
anemia possessed faster radiographic progression and that anemia was independently associated with radiographic 
progression in RA.25,26 Furthermore, a large-sample cross-sectional study elucidated that structural damage and func
tional damage in the joints were more severe in RA patients with anemia than in RA patients without anemia.27 

Altogether, anemia can be reflective of disease activity in RA.

Hemoglobin (Hb)
Reduced Hb concentrations are another manifestation of anemia. In a study by Möller et al, lower Hb concentrations 
were significantly correlated with higher DAS28 in RA patients, confirming the established relationship between 
inflammation and anemia.25 Additionally, this study also showed that anemia was a common manifestation of early 
progression of RA and that lower Hb levels were more strongly associated with the progression of joint damage 
compared to DAS28-C-reactive protein (CRP). Xue et al observed that Hb concentrations were lower in RA patients 
than in healthy controls, as well as in patients with active RA than in patients with inactive RA,7 indicating that RA 
patients with lower Hb concentrations have higher inflammation levels and increased disease activity compared to those 
with high Hb concentrations. Similar results were also obtained in the research by Padjen et al.28 These two studies 
illustrate a negative correlation between Hb concentrations and disease activity in RA. Another study29 exhibited that 
changes in Hb levels were negatively correlated with indicators of RA disease activity such as DAS28-CRP, CRP, and 
erythrocyte sedimentation rate (ESR) and suggested that anemia might be a predictor of poorer prognosis in RA patients. 
Meanwhile, Pereira et al discovered that low Hb levels might also correlate strongly with other markers of disease 
activity such as RF, CRP, pain and joint damage, and disease duration.30 The results of the above studies imply that 
disease severity and activity are higher in RA patients with low Hb levels compared to those without anemia. Moreover, 
a cohort study in the USA including 10,397 RA patients unraveled that the low Hb group had a higher percentage of 
patients with a history of comorbid cardiovascular disease (CVD), diabetes, and gastrointestinal disease, with higher 
disease severity and activity (P < 0.05).31 Evidently, the ability of anemia to reflect disease activity has been further 
validated in large-sample studies.

ESR
ESR is also a commonly used laboratory test that is used to detect the acute-phase response to inflammation for the 
diagnosis and monitoring of inflammatory conditions.32 ESR can be elevated in any condition that leads to an acute- 
phase response to inflammation, such as infections, surgery, autoimmune disease, and advanced cancer.33 Despite its low 
specificity and the impact of multiple disease factors, ESR holds significant clinical value in the assessment of specific 
clinical conditions. Notably, the diagnostic criteria for RA include ESR as one of the clinical indicators for diagnosing the 
disease and monitoring disease progression.34,35 Elevations in ESR of RA patients are caused by both the existence of an 
inflammatory state and a decrease in RBC counts due to anemia. In addition, active RA is accompanied by elevated 
concentrations of CRP, IgG, and fibrinogen,36 which were adsorbed into the RBC membrane when excessive, affecting 
the structure and function of RBCs.37 More importantly, many reports have demonstrated that fibrinogen and CRP, as 
well as several validated marker proteins such as IgG, IgM, IgA, and plasma albumin, play a role in inducing and 
maintaining increased RBC aggregation in the blood of RA patients,38,39 which may also account for the characteristic 
phenomenon of high ESR in RA.

Clinically, ESR is commonly used in combination with DAS28 to assess disease activity in RA patients. Many studies 
have documented that higher DAS28-ESR is associated with accelerated disease progression in RA.40,41 As well, ESR 
can predict the occurrence of co-morbidities in RA. A prior study revealed that changes in ESR could reflect the 
inflammatory activation state of RA patients prior to the combination of heart failure and that elevated ESR was 
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correlated with the risk of heart failure in RA patients.42 Therefore, ESR can be utilized as one of the indicators for 
diagnosis and disease progression monitoring in RA. However, due to a study exhibiting that the assessment of 
inflammation or disease activity in RA patients with DAS28-ESR can be affected by anemia, DAS28-CRP may be 
more suitable than DAS28-ESR for assessing disease activity in RA patients with anemia.40

RBC Distribution Width (RDW)
Red cell distribution width (RDW) is part of the routine blood test used to estimate the size variability of RBCs.43 Lippi 
et al reported that RDW was positively associated with inflammatory markers including CRP and ESR in unselected 
outpatients,44 as observed in another study.45 In addition, elevated RDW has been detected in a variety of inflammatory 
diseases.46 According to a study by Al-Rawi et al, RDW was significantly higher in RA patients than in healthy 
controls.47 Increased RDW in RA is predominantly due not only to the fact that RA is an autoimmune chronic disease 
that is often combined with anemia, but also to the impact of inflammation. Of note, a previous study uncovered higher 
RDW values in RA patients without anemia than in healthy controls, underscoring that RDW in RA may be elevated by 
inflammation even in the absence of anemia.48 Moreover, through a large-sample prospective study, Perlstein et al49 

found that anemia had no effect on the prediction of RDW for mortality risk. It is thus clear that although affected by 
anemia, RDW changes in RA patients essentially stem from the inflammatory state of RA. RA, as a chronic inflammatory 
disease, is associated with the imbalance of several cytokines including TNF-α, IL-1β, and IL-17 in patients. Cytokines 
may affect the production and apoptosis of RBCs, as well as their size and fragility, through different pathways,50 which 
in turn is reflected in changes in RDW values. For example, high levels of inflammatory cytokines such as IL-1, IL-6, 
and TNF-α inhibit the activity of EPO by desensitizing erythroid progenitor cells to EPO, which leads to an influx of 
immature blood cells into the bloodstream, resulting in high RDW.47 He et al found that RDW was elevated in RA 
patients compared to controls and correlated with inflammatory state and anti-inflammatory cytokines in RA patients, 
highlighting that RDW can be used as a laboratory parameter to monitor inflammation in RA.51 Despite mounting studies 
demonstrating RDW as a potential inflammatory marker for monitoring inflammation and disease progression in RA 
patients, some researchers also believed that this finding is only relevant in some groups and in specific situations. For 
instance, a cross-sectional study by Remalante et al revealed that RDW was weakly correlated with DAS-28 in Filipino 
RA patients with a P-value > 0.05. Hence, they concluded that the ability of RDW to reflect disease activity is not 
applicable to all racial populations.52 In conclusion, the specific mechanisms by which RDW changes reflect RA disease 
activity are uncertain and this ability of RDW is influenced by other factors, which calls for further large-sample, multi- 
control studies.

CVD is one of the common extra-articular damages of RA. Reportedly, the incidence of CVD in RA patients is twice 
as high as that in the general population, and CVD also leads to an increase of 60% in the mortality of RA patients.53 

According to a study by Rodríguez-Carrio et al, RDW values at initial diagnosis had a moderate discriminative power for 
the occurrence of CV events in RA, with favorable performance of RDW changes accumulated in the first year after 
diagnosis, illustrating that RDW can be utilized as a predictor of CV events in RA patients.54 The results of another study 
exhibited that elevated RDW at admission, during hospitalization, or at discharge was significantly associated with 
increased all-cause mortality in patients with chronic heart failure and coronary heart disease.55 Over the past 10 years, 
effective antirheumatic therapy for early RA based on RDW changes has markedly decreased mortality from CV events 
in RA patients.56 Therefore, RDW monitoring in the first stage of RA can guide the management of inflammation and 
thus reduce the incidence of CV events.

Table 1 summarizes the literature on the correlation of RBC-related parameters with RA disease activity. In summary, 
anemia is typically associated with disease activity in RA and can be an indicator of the inflammatory response. It is 
therefore useful to guide the clinical management of RA by monitoring anemia in RA patients. Table 2 lists the literature 
on the correlation of RBC-related parameters with the co-morbidities and prognosis of RA. Low RBC counts, low Hb 
levels, and high RDW values are strongly associated with an increased risk of CV events, the aggravation of joint 
damage, and the decreased quality of life of patients, thereby affecting the daily life and working ability of RA patients. 
Additionally, long-term cohort studies are warranted to continually track the impact of RBC-related parameters on the 
long-term prognosis of RA patients.
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Table 1 RBC-Related Parameters and RA Disease Activity

References Research type n Groups RBC- 
related 
parameters

P value Conclusion

[7] Case-control study 342 a. Healthy control group (n = 164) 

vs RA group (n = 178)

RBC, H, ESR, 

and RP

< 0.001 RBC-related parameters are 

associated with RA disease 
activityb. Inactive RA group (n = 88) vs 

active RA group (n = 90)

[26] Case-control study 676 RA with anemia group (n = 163) 
vs RA without anemia group  

(n = 513)

Hb 0.012 Joint destruction is more 
severe in RA patients with 

anemia

[27] Case-control study 1780 RA without anemia group (n = 418) 
vs RA with mild anemia group (n = 

336) vs RA with moderate and 

severe anemia (n = 136)

Hb < 0.001 Hb is correlated with disease 
activity and injury in RA 

patients

[28] Case-control study 88 Active RA group (n = 35) vs 

inactive RA group (n = 52)

Hb < 0.05 Hb is associated with clinical 

activity in RA
[29] Case-control study 89 RA with anemia group (n = 57) vs 

RA without anemia group (n = 32)

Hb < 0.001 Hb is associated with RA 

disease activity

[41] Cross-sectional study 190 - ESR 0.000 DAS28-ESR is an effective 
indicator for assessing disease 

activity

[47] Case-control study 208 RA group (n = 111) vs healthy 
control group (n = 97)

RDW < 0.01 RDW is significantly elevated in 
RA patients

[48] Case-control study 283 RA group (n = 154) vs healthy 

control group (n = 129)

ESR, Hb, and 

RDW

< 0.0001 RDW is correlated with 

DAS28 and may indicate the 
inflammatory activity of RA

[51] Case-control study 899 RA group (n = 670) vs healthy 

control group (n = 229)

RBC, Hb, 

ESR, and 
RDW

< 0.001 Elevated RDW in RA patients 

is correlated with the 
inflammatory state of RA

[52] Cross-sectional study 134 - ESR and 

RDW

0.338 RDW has low sensitivity and 

specificity for active RA and 
may not be meaningful for 

detecting disease activity

Table 2 RBC-Related Parameters and the Co-Morbidities and Prognosis of RA

References Research 
type

n Groups RBC- 
related 
parameters

P value Conclusion

[25] Case-control 

study

4377 RA with anemia group  

(n = 1054) vs RA without 

anemia group (n = 3323)

Hb < 0.001 Anemia can be a predictor of poorer 

prognosis in RA patients

[31] Cohort study 10397 RA with anemia group  

(n = 1734) vs RA without 

anemia group (n = 8663)

Hb < 0.05 Low Hb concentrations may be 

associated with the severity of RA and 

the presence of certain co-morbidities
[42] Case-control 

study

575 RA without heart failure 

group (n = 403) vs RA with 

heart failure group (n = 172)

ESR and Hb < 0.01 Inflammatory stimuli (ESR >/= 40 mm/h) 

may be associated with the development 

of heart failure in RA patients
[54] Cross- 

sectional study

160 - RDW 0.003 RDW at the onset of the disease can be 

used as an early marker of CV risk in RA

Abbreviations: ESR, erythrocyte sedimentation rate; DAS-28, Disease Activity Score in 28 joints; CRP, C reactive protein; RBC, red blood cell; RDW, red cell distribution 
width; Hb, hemoglobin; RF, rheumatoid factor.
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Immunological Significance of RBCs in RA
Immune Function of RMPs in RA
With in-depth research on the immune function of RBCs, RBCs have been established to exert an immunomodulatory 
effect in multiple physiological and pathological models and play a critical role in the normal development of the 
organism and the development of diseases.57,58 RBCs can regulate the cell cycle of CD4+ and CD8+ T cell populations 
and release factors that favor their growth and survival.59–61 Accordingly, RBCs can be directly involved in the 
pathogenesis of RA through immunomodulation. A prior study elucidated that most cell-derived microparticles in 
the circulation and a few microparticles in the synovial space originate from RBCs and that RMPs can influence the 
expansion of the T-lymphocyte pool through antigen presentation.62 Unfortunately, an over-expanded T-lymphocyte pool 
may lead to immune system dysregulation and exacerbate RA. Meanwhile, another study unveiled that microparticles 
with bound C1q, C4, and C3 were abundant in RA synovial fluid, suggesting the involvement of RMPs in the formation 
of immune complexes during RA.63 Moreover, these immune complexes can be deposited in joints and other tissues, 
exacerbating the inflammatory response and tissue damage in RA.

Immunomodulation of RBC-Related Proteins in RA
Another important immunomodulatory property of RBCs is their tendency to bind to numerous chemokines. As reported, 
a major binding site on the surface of RBCs is the Duffy Ag Receptor (DARC) of chemokines, which binds to IL-8, 
thereby triggering IL-8-dependent gradient inactivation of chemokines and preventing neutrophil recruitment. Therefore, 
it can be believed that sequestration of inflammatory factors by RBC surface receptors depresses neutrophil signaling and 
thus curbs the immune response.64 Conversely, Darbonne et al concluded through a series of experiments that chemokine 
binding is readily reversible, illustrating that RBC receptors may have the potential of sustaining immune activation, as 
RBC receptors can alternatively bind and release their substrates in the tissue microenvironment, thereby maintaining the 
gradient of chemokines and promoting immune responses.65 In addition, the Duffy site binds to other immunomodulatory 
proteins with high affinity, including CXC and CC chemokines other than IL-8.66 In other words, RBCs bind to 
chemokines via DARC, thereby mediating neutrophil recruitment and immune activation. Available studies have 
unveiled that the role of DARC binding activity of RBCs depends on the environment, sometimes exacerbating the 
immune response and sometimes maintaining immune quiescence. Nevertheless, the exact mechanisms and environ
mental factors that regulate this duality remain unclear.12 Hence, the immunomodulatory role of RBCs in RA may be 
double-edged. It has also been found that some proteins in RBC, such as calpastatin, have the potential to stimulate the 
inflammatory activity of other cells or to become antigens in the autoimmune process of RA.67 Therefore, research on 
antigen systems targeted by immune cells may also shed light on the relationship between immunomodulation and RBCs 
in RA.68

Promoting Effect of RBC-Platelet (PLT) Interactions on Immune-Inflammatory 
Responses in RA
In RA, the inflammatory response in the body can contribute to a hypercoagulable state,69 which is closely related to the 
stimulation of inflammatory factors and the abnormal activation of the NF-κB pathway.70 There are several reports 
revealing that RBCs may be implicated in the hypercoagulable state. For instance, Sun et al found that in normal humans, 
RBCs and PLTs facilitated the process of thrombin generation in a phosphatidylserine (PS)-dependent manner and that 
PS-positive RBCs also complemented cross-linked collagen-related peptide-induced procoagulant activity of PLTs.71 

There are many circulating extracellular vesicles from PLTs and RBCs in RA patients,72 which can recruit mediators 
of the coagulation cascade and initiate clot formation by exposure to PS, further exacerbating the inflammatory 
response.73–75 Therefore, this interaction may account for the thrombotic events observed in the vessels of RA patients. 
In addition, platelet integrin αIIbβ3 (GPIIb-IIIa) is central to coagulation, fibrinogenesis, and PLT interactions.76 αIIbβ3 
directly binds to intercellular adhesion molecule 4 on the surface of RBCs,77,78 which may also be a factor contributing to 
thrombotic events in RA. Since neovascularization is one of the progressive manifestations of RA, the interaction 
between RBCs and platelets may present exponentially in RA. A former study displayed the RBC-PLT ratio was 
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significantly associated with disease activity in RA.7 Obviously, RBC-PLT interactions in RA promote immune- 
inflammatory responses, accelerating the progression and causing poor prognosis of RA.

Summary and Prospects
In our review, we summarise the solid evidence that erythrocytes, as the most common blood cells in human blood, play 
an important role in patients with RA. The current guidelines for RA recommend early targeted treatment of RA with 
DMARDs in order to reduce disease activity as quickly as possible and minimise joint and organ damage.79,80 Given that 
targeted therapeutic approaches require close monitoring of disease activity, the need for long-term, objective, reliable, 
and easily accessible indicators of response to disease activity is undeniable. As a series of easily accessible and cost- 
effective biomarkers, RBCs and their related parameters have a crucial role in the clinical assessment and management of 
RA. By testing erythrocyte-related parameters, we can tell that the presence of anaemia is strongly associated with 
disease progression, imaging progression and joint damage in RA; RDW is positively correlated with inflammatory 
markers in RA patients and may be able to be used as a potential marker for assessing the disease progression of RA, as 
well as being correlated with the risk of developing cardiovascular disease in RA patients. Erythrocytes themselves can 
also play an immunomodulatory role, as evidenced by the fact that the Duffy Ag Receptor (DARC) on their surface binds 
to a variety of chemokines and regulates neutrophil recruitment and immune activation, which may exacerbate immune 
responses or maintain immune quiescence in different environments, and also interacts with PLT to promote immune- 
inflammatory responses in RA patients. In the future, further studies are warranted to continuously investigate the 
pathophysiological and immunological mechanisms underlying changes in these parameters in RA, thus providing 
additional support for the clinical management of RA.

This review highlights the potential of erythrocyte parameters as a cost-effective indicator of RA disease activity 
monitoring, risk assessment for the development of comorbidities, and provides a basis for further investigation. Future 
studies should aim to assess the diagnostic and evaluative performance of erythrocyte parameters and their possible 
advantages in terms of cut-off values, specificity and sensitivity compared with established standards, including 
biomarkers such as DAS-28 and CRP. Only then can the clinical validity and utility of erythrocyte-related parameters 
as a means of assessing disease activity and predicting the development of comorbidities in patients with RA be 
determined. Specifically, in the future, multi-center, large-sample, multi-ethnic randomized controlled trials should be 
conducted to clarify the specific RBC-related parameter that has definite independent value for the clinical evaluation of 
disease activity, co-morbidities, and prognosis in RA, the optimal cut-off values, sensitivity, and specificity of RBC- 
related parameters for assessing disease activity, co-morbidities, and prognosis in RA, molecular biological mechanisms 
of RBC immunity in the development of RA, and whether RBC-related parameters can be combined with other 
biomarkers to create a comprehensive assessment system for RA.
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