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Objective: The purpose of the research was to explore the possible risk factors for the development of hypocomplementemia (HC) in 
rheumatoid arthritis (RA) patients by analyzing their clinical and laboratory features.
Methods: This retrospective research contained 501 RA patients, divided into RA patients with HC (n=78) and RA patients without 
HC (n=423). Demographic characteristics and laboratory test results of RA patients were collected and analyzed, such as age, sex, 
anti-mutated citrullinated vimentin antibody (Anti-MCV), serum complements (C3, C4), immunoglobulins (IgA, IgG, IgM), hemo
globin (Hb), platelets (PLT) and erythrocyte sedimentation rate (ESR), etc. Spearman correlation was served as assessing the 
correlations of the levels of serum C3 and C4 with each index. Receiver operating characteristic (ROC) curves were served as 
assessing the diagnostic efficacy of each index for RA patients with HC. Furthermore, risk factors for the occurrence of HC in RA 
patients were analyzed by employing binary logistic regression of single and multiple factors.
Results: Compared RA patients with HC to without HC, the former were older and had a longer disease duration with increased levels 
of Anti-MCV, IgM and DAS28 and lower levels of Hb, PLT and ESR; Spearman correlation analysis verified the level of serum Anti- 
MCV was a negative correlation with C3 (r=−0.156); the area under the ROC curve (AUC) of PLT in diagnosing RA patients with HC 
was the largest at 0.65 (95% CI: 0.60–0.69); binary logistic regression analysis indicated that advanced age (>66 years), long disease 
duration (>62 months), high DAS28 value (>6.13), the levels of Anti-MCV>107.68IU/mL, IgM>1.54g/L, ESR≤69.00mm/h, 
Hb≤99.00g/L and PLT≤305.00×109/L were probable risk factors for the occurrence of HC in RA patients.
Conclusion: Age and disease duration, DAS28, Anti-MCV, IgM, ESR, Hb, and PLT are closely related to the development of HC in 
RA patients. Timely monitoring of these indicators can help to evaluate disease activity of RA patients and further improve their 
prognosis.
Keywords: rheumatoid arthritis, hypocomplementemia, risk factors, disease activity

Introduction
Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic inflammation and systematicness, which 
causes joint pain and structural damage and involves extra-articular organs.1,2 RA affects approximately 1% of the adult 
population, and the incidence rate among females is 3–5 times higher than of males.3 Due to the complexity of RA, its 
etiology and pathophysiological mechanisms have not been fully elucidated.

The complement system is a main constituent within human immune system, and inadequate control of complement 
activation constitutes the formation of the pathogenesis of inflammatory and autoimmune diseases, containing RA.4,5 The 
classical and lectin pathways of the complement system may involve in vasculitic neuropathy related to RA and systemic 
lupus erythematosus (SLE).6 The complement system involved in the pathogenesis of RA acts only on localized mucous 
in the preclinical stage, whereas it acts on joints and system in RA patients with clinically significant arthritis.7 The 
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activation of the complement system in RA appears to not only facilitate direct tissue damage but also contribute to the 
initiation of RA pathogenesis by interacting with citrullination protein.8

C3 is the central molecule activated by the three complement pathways (classic, lectin, and alternative), which 
supports all important functions performed by it.9 Hypocomplementemia (HC) is not uncommon in patients with 
autoimmune diseases. For example, low levels of C3 and C4 are correlated with extraglandular manifestations, and 
they have clinical and prognostic value in patients with primary Sjögren’s syndrome (pSS).10 RA patients with HC 
exhibit more severe joint involvement and obvious extra-articular manifestations than RA patients without HC, such as 
subcutaneous nodules.11,12 However, there is scarce research about risk factors analysis for the development of HC in RA 
patients. Hence, it is necessary to understand them, which will help to monitor the disease condition and improve the 
prognosis of RA patients.

Materials and Methods
Patients and Study Design
This retrospective single-center cohort was conducted at a 2400-bed tertiary, comprehensive, university-affiliated 
hospital in Nanchang, China, with a population of over 6 million. The study population was hospitalized patients 
with established RA at the Second Affiliated Hospital of Nanchang University from January 2021 to July 2022. And 
this is one of the largest tertiary hospitals in Jiangxi Province. All the patients were eligible for the 2010 American 
College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) classification criteria for RA.13 

The diagnoses of these patients were conducted by physicians with senior qualifications in the rheumatology 
department, which had 45 hospital beds. Each patient was included only once. The exclusion criteria for this 
research were as follows: 1) less than 18 years of age; 2) combination of other autoimmune diseases; 3) acute 
inflammatory diseases, infectious diseases, malignant neoplasms and severe blood diseases; 4) bacteraemia; 5) with 
underlying diseases that affected serum complement levels such as acute and chronic hepatitis, chronic liver disease, 
cirrhosis, nephrotic syndrome and glomerulonephritis; 6) missing key clinical information. Using RA as the search 
term, a total of 614 patients diagnosed with RA were initially exported from the hospital information system (HIS), 
and after applying the aforementioned exclusion criteria, a subset of 501 RA patients were contained in the 
subsequent research, which were divided into RA patients with HC (n=78) and without HC (n=423) according to 
the presence or absence of HC. Demographic characteristics and laboratory test results of RA patients were collected 
and analyzed.

Data Collection
Clinical data of patients were obtained from the HIS, including sex, age, age at onset, disease duration and DAS28. 
Laboratory results of patients were collected from the Laboratory Information System (LIS), containing the values of 
serum anti-cyclic citrullinated peptide antibody (Anti-CCP), anti-mutated citrullinated vimentin antibody (Anti-MCV), 
rheumatoid factor (RF) subtypes (RF-IgA, RF-IgG, RF-IgM), complements (C3,C4), immunoglobulins (IgA, IgG, IgM) 
and C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR), white blood cell (WBC), neutrophils (N), 
lymphocytes (L), hemoglobin (Hb) and platelets (PLT) values.

Sample Measurement Methods
Anti-CCP, Anti-MCV and RF subtypes (RF-IgA, RF-IgG, RF-IgM) were tested by ELISA, and the former reagents were 
purchased from ORGENTEC Diagnostika GmbH and the others were purchased from Aesku. Diagnostics GmbH&Co. 
KG. The levels of serum C3, C4, IgA, IgG, IgM and CRP were detected by immunoturbidimetric assay, using A25 
automatic specific protein analyzer and supporting reagents (BIOSTEC Biotechnology Co.Ltd, China). The level of ESR 
was detected through using Dynamic hematocrit tester SD-1000 (SUCCEEDER Technology Co.Ltd, China). The levels 
of WBC, N, L, Hb and PLT were measured through using Sysmex XN-9000 automatic blood cell analyzer (Sysmex 
Corporation, Japan) and supporting reagents.
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Statistical Analysis
SPSS software, MedCalc software and the OmicStudio tools at https://www.omicstudio.cn were used to statistics and 
charting. The chi-squared test was applied for comparisons for the count data. Continuous variables were represented as 
M (Q1, Q3), and the Mann–Whitney U-test was applied for comparing measurement data. Spearman correlation was 
served as assessing the correlations of the levels of serum C3 and C4 with each index. Receiver operating characteristic 
(ROC) curves were served as assessing the diagnostic efficacy of each index for RA patients with HC. The optimum cut- 
off value of each index for RA patients with HC was selected according to Youden index J. And risk factors for the 
occurrence of HC in RA patients were analyzed by employing binary logistic regression of single and multiple factors 
with the cut-off values as the boundary, and the results were expressed as odds ratio (OR) and 95% confidence interval 
(CI). P<0.05 was of statistical significance.

Results
Demographic Characteristics and Laboratory Test results of RA Patients
The clinical characteristics of RA patients were shown in Table 1. All together 501 RA patients were included, and most 
of them were females (n=343, 68.5%). The mean age was 61.54±10.68 years (range: 55–69 years). They were divided 
into RA with HC group (n=78) and RA without HC group (n=423) on the basis of the serum C3 and C4 levels, and the 
incidence of HC in RA patients was 15.57%. There were no statistically significant differences in terms of gender 
(P=0.090) and age at onset (P=0.721) between the above groups. Compared RA patients with HC to RA patients without 

Table 1 Demographic and Serological Descriptors of RA Patients with HC and RA Patients Without HC

Index RA with HC (n=78) RA without HC (n=423) P Reference Range 
of the Index

Gender (male/female) 31/47 127/296 0.090

Age (years) 66.50(56.00–72.25) 62.00(55.00–69.00) 0.008

Age at onset (years) 56.00(43.50–67.00) 56.00(46.00–64.00) 0.721
Disease duration (months) 96.00(36.00–136.50) 48.00(12.00–120.00) <0.001

Anti-CCP (RU/mL) 532.52(197.92–985.30) 480.25(70.20–992.76) 0.355 0–30

Anti-MCV (IU/mL) 643.98(180.23–1013.03) 322.17(69.29–955.99) 0.007 0–40
RF-IgA (IU/mL) 179.62(51.39–494.10) 80.82(9.05–343.21) 0.015 0–18

RF-IgG (IU/mL) 65.61(15.61–182.32) 43.41(6.25–100.12) 0.012 0–18

RF-IgM (IU/mL) 276.28(88.56–424.12) 206.80(34.11–316.57) 0.004 0–18
IgA (g/L) 3.21(2.33–4.64) 2.94(2.25–4.18) 0.263 0.7–4

IgG (g/L) 15.30(11.10–20.78) 13.42(11.20–18.68) 0.144 7–16

IgM (g/L) 1.58(1.01–2.08) 1.34(0.92–1.75) 0.019 0.4–2.3
CRP (mg/L) 23.81(7.85–57.98) 35.04(12.30–70.70) 0.090 0–5

ESR (mm/h) 61.00(37.75–93.00) 80.00(45.00–100.00) 0.024 0–15

WBC (109/L) 5.96(4.85–7.99) 7.16(5.64–8.91) 0.005 4–10
N (109/L) 4.49(3.15–5.68) 5.05(3.80–6.51) 0.015 2–7

N proportion (%) 70.25(63.05–79.55) 70.90(64.60–77.20) 0.989 50–75

L (109/L) 1.12(0.84–1.45) 1.31(0.98–1.73) 0.002 0.8–4.0
L proportion (%) 19.20(12.95–26.43) 19.00(14.10–24.70) 0.784 20–40

Hb (g/L) 104.50(89.75–119.50) 110.00(98.00–121.00) 0.029 Male (120–160) 

Female (110–150)
PLT (109/L) 238.50(171.00–309.50) 294.00(223.00–369.00) <0.001 100–300

DAS28 6.02(5.31–6.30) 5.86(4.24–6.16) 0.006

Notes: The slash (/) represented “or” in gender, and the slash in the units represented “per”. P<0.05 represented statistical significance. 
Abbreviations: RA, rheumatoid arthritis, HC, hypocomplementemia; Anti-CCP,anti-cyclic citrullinated peptide antibody; Anti-MCV, anti-mutated citrullinated vimentin 
antibody; RF, rheumatoid factor; RF-IgA, RF-IgG, RF-IgM, subtypes; IgA, IgG, IgM, immunoglobulins, CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, 
white blood cell; N, neutrophils; L, lymphocytes; Hb, hemoglobin; PLT, platelets.
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HC, the former were older and had a longer disease duration with increased levels of Anti-MCV, RF (RF-IgA, RF-IgG, 
RF-IgM), IgM and DAS28 and lower levels of WBC, N, L, Hb, PLT and ESR (all P<0.05). And there were no significant 
differences (P>0.05) in other indicators (Table 1).

Correlation Analysis Among Each Index of RA
Correlation Cluster Analysis
The outcomes of Spearman correlation analysis indicated the level of N was a significant positively related to WBC 
(r>0.80), and the level of serum C3 was positively related to C4 (r>0.40), while the level of ESR was negatively related 
to Hb (r<-0.4). And all P values were less than 0.01 (Figure 1).

Figure 1 Heat map of correlation clustering markers about the levels of C3, C4, Anti-MCV and other indexes in patients with RA. 
Notes: Blue represented negative correlation, red represented positive correlation, and the color shade represented the strength of correlation. *P<0.05, **P<0.01. 
Abbreviations: ESR, erythrocyte sedimentation rate; IgM, immunoglobulins; Anti-MCV, anti-mutated citrullinated vimentin antibody; RF, rheumatoid factor; RF-IgA, RF-IgG, 
RF-IgM, subtypes; PLT, platelets; N, neutrophils; WBC, white blood cell; C3,C4, complements; Hb, hemoglobin; L, lymphocytes.
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Correlation Network Analysis
The outcomes of further correlation network analysis suggested WBC level had the strongest correlation degree of each 
indicator, whereas the correlation degree of age was the weakest. Among the levels of C3, C4 and other indexes of 
patients with RA, the results of correlation analysis with statistical significance implied the level of serum Anti-MCV 
was negatively related to C3 (r=−0.156), the level of PLT was positively related to C3 (r=0.265). Similarly, serum RF- 
IgG level was negatively related to C4 (r=−0.309), serum C3 level was positively related to C4 (r=0.428), and all 
P values were less than 0.05 (Figure 2, Table 2).

Assessment of the Diagnostic Efficacy of Each Index in RA Patients with HC
The area under the ROC curve (AUC) of PLT in diagnosing RA patients with HC was the largest at 0.65 (95% CI: 0.60–0.69) 
and its Youden’s index was 0.24; whereas the AUC of Hb was the smallest at 0.58 (95% CI: 0.53–0.62). The best cut-off for 
Anti-MCV had the highest diagnostic sensitivity of 87.18% and negative predictive value (-PV) of 93.50 for RA patients with 
HC. The best cut-off for RF-IgM had the highest diagnostic specificity of 75.18%, which its positive likelihood ratio (+LR) 
and positive predictive value (+PV) were the biggest at 1.81 and 25.00, respectively (Figure 3 and Table 3).

Figure 2 Correlation network diagram about the levels of C3, C4, Anti-MCV and other indexes in patients with RA. 
Notes: Circles of different colors and sizes represented the correlation degree of each index, with smaller circles and bluer colors indicating a lower degree of correlation, 
while larger circles and redder colors indicating a stronger degree of correlation; rho: the thickness of the arrow represented the magnitude of the correlation coefficient; 
relation: orange solid arrow represented positive correlation, gray dashed arrow represented negative correlation. 
Abbreviations: ESR, erythrocyte sedimentation rate; IgM, immunoglobulins; Anti-MCV, anti-mutated citrullinated vimentin antibody; RF, rheumatoid factor; RF-IgA, RF-IgG, 
RF-IgM, subtypes; PLT, platelets; N, neutrophils; WBC, white blood cell; C3,C4, complements; Hb, hemoglobin; L, lymphocytes.
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Binary Logistic Regression Analysis of RA Patients with HC and Indexes
Univariate binary logistic regression analysis indicated the levels of Anti-MCV>107.68IU/mL, RF-IgM>316.57IU/mL, 
ESR≤69mm/h and the other results were related to higher risk for the occurrence of HC in RA patients. With this as 
a basis, multivariate analysis was performed, and the consequences confirmed that the levels of Anti-MCV>107.68IU/ 
mL, ESR≤69.00mm/h, Hb≤99.00g/L and the levels of other indicators were risk factors (Table 4).

Table 2 Correlation Analysis of C3, C4 and Other Indexes in Patients 
with RA

Index C3 C4

r P r P

Age −0.143 0.001 – –
Disease duration −0.138 0.002 – –

Anti-MCV −0.156 < 0.001 −0.241 < 0.001

RF-IgA −0.090 0.044 −0.245 < 0.001
RF-IgG −0.108 0.015 −0.309 < 0.001

RF-IgM −0.136 0.002 −0.289 < 0.001

C3 – – 0.428 < 0.001
C4 0.428 < 0.001 – –

IgM – – −0.202 < 0.001

ESR 0.201 < 0.001 – –
WBC 0.222 < 0.001 – –

N 0.209 < 0.001 – –

L 0.189 < 0.001 0.116 0.009
Hb 0.090 0.044 – –

PLT 0.265 < 0.001 – –

Notes: r represented correlation coefficient, r (−1,1); “-” represented no correlation between 
two indexes. P<0.05 represented statistical significance. 
Abbreviations: RA, rheumatoid arthritis; Anti-MCV, anti-mutated citrullinated vimentin anti
body; RF, rheumatoid factor; RF-IgA, RF-IgG, RF-IgM, subtypes; C3,C4, complements, IgM, 
immunoglobulins; ESR, erythrocyte sedimentation rate; WBC, white blood cell; N, neutrophils; 
L, lymphocytes; Hb, hemoglobin; PLT, platelets.

Figure 3 ROC curves analysis to evaluate the diagnostic value of Anti-MCV, ESR, PLT and other indicators for RA patients with HC. 
Notes: Different colors represented different indicators. (A) ROC curves of anti-mutated citrullinated vimentin antibody (Anti-MCV), rheumatoid factor (RF) subtypes (RF- 
IgA, RF-IgG, RF-IgM), and immunoglobulins (IgM); (B) ROC curves of Age, Disease duration, erythrocyte sedimentation rate (ESR) and DAS28; (C). ROC curves of white 
blood cell (WBC), neutrophils (N), lymphocytes (L), hemoglobin (Hb) and platelets (PLT).
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Discussion
RA with HC is often characterized by a decrease in serum complement, especially in C3 and/or C4, due to excessive 
consumption of complement in the process of complement activation, and complement deficiency may precipitate RA.14 

Consequently, monitoring complement (C3, C4) levels plays a part in assessing the disease activity and prognosis of 
RA,15 which is in line with our study. These results provided evidence supporting our findings: (1) Compared RA with 
HC group to RA without HC group, the former were older and had a longer disease duration with increased levels of 
Anti-MCV, RF (RF-IgA, RF-IgG, RF-IgM), IgM and DAS28 and lower levels of WBC, N, L, Hb, PLT and ESR (all 
P<0.05). (2) Spearman correlation coefficient analysis suggested that the levels of Anti-MCV, RF (RF-IgA, RF-IgG, RF- 

Table 3 Diagnostic Value of Anti-MCV, RF-IgM, PLT and Other Indexes in RA Patients with HC

AUC  
(95% CI)

P Cut-off Value Sensitivity (%) Specificity (%) +LR -LR +PV -PV Youden index J

Age 0.60(0.55–0.64) 0.01 66.00 50.00 66.67 1.50 0.75 21.70 87.90 0.17

Disease duration 0.63(0.59–0.67) <0.01 62.00 65.38 58.63 1.58 0.59 22.60 90.20 0.24

Anti-MCV 0.60(0.55–0.64) <0.01 107.68 87.18 34.28 1.33 0.37 19.70 93.50 0.21

RF-IgA 0.59(0.54–0.63) 0.01 46.77 76.92 41.84 1.32 0.55 19.60 90.80 0.19

RF-IgG 0.59(0.55–0.63) 0.02 73.99 48.72 70.21 1.64 0.73 23.20 88.10 0.19

RF-IgM 0.60(0.56–0.65) <0.01 316.57 44.87 75.18 1.81 0.73 25.00 88.10 0.20

IgM 0.58(0.54–0.63) 0.02 1.54 55.13 64.30 1.54 0.70 22.20 88.60 0.19

ESR 0.58(0.54–0.62) 0.02 69.00 60.26 57.21 1.41 0.69 20.6 88.60 0.17

WBC 0.60(0.56–0.64) <0.01 5.97 51.28 68.79 1.64 0.71 23.3 88.40 0.20

N 0.59(0.54–0.63) 0.02 4.91 65.38 53.90 1.42 0.64 20.70 89.40 0.19

L 0.61(0.57–0.65) <0.01 1.22 60.26 57.92 1.43 0.69 20.90 88.80 0.18

Hb 0.58(0.53–0.62) 0.04 99.00 43.59 72.81 1.60 0.77 22.80 87.50 0.16

PLT 0.65(0.60–0.69) <0.01 305.00 75.64 47.99 1.45 0.51 21.10 91.40 0.24

DAS28 0.60(0.55–0.64) <0.01 6.13 42.31 73.05 1.57 0.79 22.4 87.3 0.15

Notes: P<0.05 represented statistical significance. 
Abbreviations: RA, rheumatoid arthritis; HC, hypocomplementemia; Anti-MCV, anti-mutated citrullinated vimentin antibody; RF, rheumatoid factor; RF-IgA, RF-IgG, RF-IgM, 
subtypes; IgM, immunoglobulins; ESR, erythrocyte sedimentation rate; WBC, white blood cell; N, neutrophils; L, lymphocytes; Hb, hemoglobin; PLT, platelets; AUC, the area under 
the receiver operating characteristic curve; +LR, positive likelihood ratio; -LR, negative likelihood ratio; +PV, positive predictive value; -PV, negative predictive value.

Table 4 Binary Logistic Regression Analysis of RA Patients with HC and Influencing Factors

Variables Cut-off Value Univariate Analysis Multivariate Analysis

OR 95% CI P-value OR 95% CI P-value

Age 66.00 2.000 1.228–3.257 0.005 1.950 1.080–3.519 0.027
Disease duration 62.00 2.677 1.615–4.436 <0.001 2.287 1.284–4.076 0.005

Anti-MCV 107.68 3.547 1.773–7.096 <0.001 3.211 1.449–7.114 0.004

RF-IgA 46.77 2.398 1.369–4.203 0.002 1.412 0.676–2.948 0.358
RF-IgG 73.99 2.239 1.371–3.657 0.001 1.679 0.739–3.810 0.216

RF-IgM 316.57 2.465 1.499–4.055 <0.001 1.174 0.529–2.609 0.693

IgM 1.54 2.213 1.358–3.607 0.001 2.796 1.528–5.116 <0.001
ESR 69.00 2.027 1.239–3.318 0.005 5.737 2.657–12.387 <0.001

WBC 5.97 2.321 1.423–3.785 <0.001 1.075 0.432–2.673 0.876

N 4.91 2.209 1.334–3.656 0.002 1.552 0.637–3.780 0.333
L 1.22 2.087 1.275–3.416 0.003 1.222 0.647–2.307 0.536

Hb 99.00 2.070 1.260–3.399 0.004 3.289 1.650–6.555 <0.001

PLT 305.00 2.865 1.651–4.972 <0.001 2.719 1.367–5.409 0.004
DAS28 6.13 1.988 1.208–3.270 0.007 2.389 1.188–4.805 0.015

Notes: P<0.05 represented statistical significance. 
Abbreviations: RA, rheumatoid arthritis; HC, hypocomplementemia; Anti-MCV, anti-mutated citrullinated vimentin antibody; RF, rheumatoid factor; RF-IgA, 
RF-IgG, RF-IgM, subtypes; IgM, immunoglobulins; ESR, erythrocyte sedimentation rate; WBC, white blood cell; N, neutrophils; L, lymphocytes; Hb, 
hemoglobin; PLT, platelets; OR, odds ratio; CI, confidence interval.
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IgM), PLT and other indicators were correlated with complement (C3, C4). (3) The results of AUC revealed that PLT in 
diagnosing RA patients with HC was the largest at 0.65 (95% CI:0.60–0.69). (4) Finally, binary logistic regression 
analysis of multiple factors declared that advanced age (>66 years), long disease duration (>62 months), high DAS28 
value (>6.13), the levels of Anti-MCV>107.68IU/mL, IgM>1.54g/L, ESR≤69.00mm/h, Hb≤99.00g/L and 
PLT≤305.00×109/L were possible risk factors for the occurrence of HC in RA patients.

The complement system is associated with inflammation and immunity, and its activation plays a major part in the 
pathogenesis of vasculitis, dermatomyositis, SLE, RA, etc.4,16 Episodes of HC usually occurs in RA patients with 
multiple joints, vasculitis, rheumatoid pleurisy or other obvious destructive changes.11,17 And Some of these diseases are 
related to complement consumption and reduced serum complement levels. Several autoantibodies could be tested in RA 
patients, including RF subtypes, Anti-CCP and Anti-MCV, etc.18 In the research, RA patients with HC were older and 
had a longer disease duration than RA patients without HC, which was consistent with AE Franco’s findings: the average 
age and disease duration in RA patients with HC were 59 years and 13.6 years, while they were 57 years and 10 years in 
RA patients without HC, respectively (all P<0.05).11 These could lead to more severe clinical symptoms and poor 
prognosis in RA patients with HC. Consequently, it was easy to understand that advanced age (>66 years) and long 
disease duration (>62 months) were possible risk factors for the occurrence of HC in RA patients. Anti-MCV was an 
early diagnostic indicator of RA, and the serum Anti-MCV levels had no significant correlation with C3 and C4 levels.19 

However, the serum Anti-MCV levels were negatively correlated with C3 and C4 levels (all P<0.001) in this study, and 
the level of Anti-MCV>107.68IU/mL was also a risk factor, which might be due to different demographic composition 
and geographical differences. Consistent with the findings of Hunder GG’s research, RA patients with HC exhibited more 
severe joint involvement and had increased IgM values than RA patients without HC,12 and the level of IgM>1.54g/L 
was a possible risk factor. Moreover, for pSS patients, IgG elevation is an important risk factor for the occurrence of HC, 
Lin et al also assess HC not only correlates with disease activity at diagnosis, but also plays an important role as 
a prognostic marker in predicting outcome.20 Therefore, HC may be closely correlated with more severe joint involve
ment and poor prognosis of RA patients.

ESR is a common inflammatory indicator, and the detection of ESR level can accurately reflect the systemic 
inflammatory status of RA patients; in addition, combined with clinical manifestations such as swelling and tenderness 
of 28 joints, DAS28 is often served as evaluating the disease activity of RA patients.21,22 The results of this research 
showed that ESR levels were significantly above its reference value in RA with HC group or without HC group, and 
comparing to RA without HC group, RA with HC group had lower ESR levels (P=0.024), considering reduced ESR level 
caused by a decrease of globulin level. Further more, DAS28 values were lower among RA patients without HC than 
those with HC (P=0.006), suggesting that patients in RA with HC had more severe disease activity. In this research, the 
level of ESR≤69.00mm/h and high DAS28 value (>6.13) were probable risk factors for the occurrence of HC in RA 
patients, which indicated that HC might be closely correlated with the strengthened disease activity of RA patients. 
Anemia is a relatively common clinical expression of RA, influencing 30–70% of patients.23 Anemia is closely related to 
the disease activity of RA and can be served as predicting incipient joint damage of RA.24 The level of Hb104.50 (89.75– 
119.50)g/L in RA with HC group was lower than the level of Hb110.00 (98.00–121.00)g/L in RA without HC group, and 
anemia was more serious, which suggested that HC might correlate with disease activity of RA. Furthermore, this 
research also revealed that the level of Hb≤99.00g/L and PLT≤305.00×109/L were potential risk factors for the 
development of HC in RA patients. The results of this research were similar to those of Zhou et al: pSS patients with 
HC had lower Hb and PLT values than pSS patients without HC with statistically significant difference.25 Hence, HC can 
be related to more severe disease activity of RA patients.

Limitations
Despite the above findings, this study still had some limitations. Firstly, this study was a single-center retrospective study, 
which could not avoid the existence of selection bias. And due to the sample size was relatively insufficient, more multi- 
center studies were expected to further confirm our findings. Secondly, although the above differential indicators had 
been analyzed and their impact on disease activity and prognosis of RA had been confirmed, the dynamic changes of 
these indicators were still unclear. Finally, even though this study verified that RF subtypes (RF-IgA, RF-IgG, RF-IgM) 
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were possible risk factors for HC in RA patients through univariate analysis, multivariate analysis indicated they were 
not risk factors. We look forward to further confirming this finding in future studies.

Conclusion
In conclusion, age and disease duration, DAS28, Anti-MCV, IgM, ESR, Hb, and PLT are closely related to the occurrence 
of HC in RA patients. Timely monitoring of these indicators can help to evaluate disease activity of RA patients and 
further improve their prognosis.
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