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Objective. This study aimed to evaluate the relationship between serum immunoglobulin G4 (IgG4) levels and the presence 
and disease activity of rheumatoid arthritis (RA). Methods. The study enrolled 128 participants (RA, 96; healthy controls, 17; 
osteoarthritis, 11; and IgG4-related disease, 4) between March 2014 and July 2017. Blood samples were collected prior to the 
commencement of treatment, and serum IgG4 levels were determined using a nephelometric assay (levels ≥135 mg/dL were 
considered elevated). The levels of serum IgG4 and the ratio of IgG4/total IgG in patients with RA were compared with those 
in healthy controls, patients with osteoarthritis, and patients with IgG4-related disease. Furthermore, the relationship between 
serum IgG4 levels and RA disease activity was evaluated. Results. Among the 96 patients with RA, the mean (±standard devia-
tion) serum IgG4 level was 48.0±45.4 mg/dL; 6 (6.3%) patients had elevated serum IgG4 levels. However, none of the healthy 
controls or patients with osteoarthritis had elevated serum IgG4 levels. The mean serum IgG4/IgG ratio in patients with RA was 
3.5%±2.8% (range, 0.2%∼16.9%). Using Spearman’s correlation coefficient analysis, a significant correlation was found be-
tween serum IgG4 levels and the Disease Activity Score-28 with erythrocyte sedimentation rate (r, 0.245; p=0.016). 
Conclusion. There was an increased frequency of elevated serum IgG4 levels in patients with RA, and the levels were correlated 
with RA disease activity. (J Rheum Dis 2020;27:96-99)
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, progressive, au-
toimmune disease characterized by joint pain and swel-
ling and is associated with functional disability [1]; its di-
agnostic determinants include the presence of rheuma-
toid factor and anticyclic citrullinated peptide antibodies 
[2]. Disease activity is evaluated using serum inflam-
matory markers, such as erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) levels, and the Dis-
ease Activity Score-28 (DAS28) [3]. However, these diag-
nostic and disease-activity markers are insufficient for es-
tablishing an RA diagnosis and the associated treatment 
protocol.

Immunoglobulin-4 (IgG4) is the least common of the 4 
IgG subclasses and is associated with several autoim-
mune diseases [4,5]. IgG4-related diseases (IgG4-RDs) 
(e.g., Mikulicz disease, autoimmune pancreatitis, and 
Kuttner’s tumor) are systemic, chronic, inflammatory 
diseases characterized by elevated serum IgG4 levels and 
IgG4-secreting plasmacytes invading the visceral tissues 
[6]. In Japan, IgG4-RDs are common, with a prevalence of 
0.28∼1.08 per 100,000 people [7,8]. Recently, interest 
into the field of IgG4-RDs has developed in various de-
partments. Studies on IgG4-RD have reported elevated 
serum IgG4 levels in certain rheumatic diseases, such as 
systemic sclerosis [9].
In this study, we investigated the relationship between 
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Table 1. Study participant characteristics

Diseases IgG (mg/dL) IgG4 (mg/dL) IgG4/IgG (%) 
Patients with elevated 

IgG4 levels (＞135 mg/dL)

IgG4-related disease (n=4) 3,092.50±662.89 717.38±772.17 24.33±24.76 3 (75)
Rheumatoid arthritis (n=96) 1,330.94±397.57 48.01±45.39 3.40±2.48 6 (6.25)
Osteoarthritis (n=11) 1,078.18±148.01 34.01±22.89 3.38±2.61 0
Healthy controls (n=17) 1,525.30±493.86 35.7±29.52 2.48±2.03 0

Values are presented as mean±standard deviation or number (%), unless otherwise indicated. IgG: immunoglobulin G.

serum IgG4 levels and the presence and disease activity of 
RA.

MATERIALS AND METHODS

Patients
Between March 2014 and July 2017, 128 individuals 

(RA, 96; healthy controls, 17; osteoarthritis, 11; and 
IgG4-related disease, 4) from Keimyung University Dong-
san Hospital in Daegu were enrolled into this study. 
Patients diagnosed as having RA met the 1987 American 
College of Rheumatology (ACR) criteria [10] or the 2010 
ACR/European League Against Rheumatism (EULAR) 
criteria for RA [2]. Those with IgG4-RDs, those with OA, 
and the healthy individuals comprised the comparator. 
Participant blood samples were collected prior to the 
commencement of any medical treatment. The collected 
data for the patients with RA included clinical variables 
and disease activity markers, such as the number of ten-
der and swollen joints, serum levels of acute-phase re-
actants, and DAS28 scores. Patients were divided into ei-
ther a high disease-activity (HDA) group (DAS28 ≥5.1) 
or a remission/low disease activity (LDA)/moderate dis-
ease activity (MDA) group (DAS28 ＜5.1).
The study was approved by the Institutional Review 

Board of Keimyung University Dongsan Hospital (appro-
val number, 2014-12-009) and was conducted in accord-
ance with the Declaration of Helsinki. Written informed 
consent was obtained from all study participants.

Serum total IgG and IgG4
Venous blood samples, obtained from all participants, 

were immediately processed in a centrifugal separator at 
120,000 rpm for 20 minutes. Prior to serum IgG and IgG4 
measurements, the separated sera were stored at −70°C. 
Serum total IgG and IgG4 levels were determined using 
nephelometry (Spa Plus; Binding Site, Birmingham, UK) 
with human IgG and IgG subclass liquid reagent kits 

(Binding Site). Total IgG levels ＞1,600 mg/dL or IgG4 
levels ≥135 mg/dL were considered elevated [5,6].

Statistical analysis
Data handling and statistical analyses were performed 

using SPSS (version 20.0; IBM Co., Armonk, NY, USA). 
Results obtained from the analyses are presented as 
means±standard deviations. The non-parametric Mann- 
Whitney U-test was used to compare serum total IgG lev-
els, serum IgG4 levels, and IgG4/total IgG ratios between 
the patient and control groups. Values for patients with 
RA were compared to those from patients with IgG4-RD 
(positive control), healthy individuals and patients with 
OA (negative controls). Spearman's rho was used to de-
termine the correlation between serum IgG4 levels and 
indicators of RA disease activity; p-values ＜0.05 were 
considered significant. 

RESULTS

Table 1 summarizes the study participants’ character-
istics (RA, 96; healthy controls, 17; OA, 11; and IgG4-RD, 
4). Among the 96 patients with RA, the mean serum IgG4 
level was 48.0±45.4 mg/dL, including 6 (6.3%) with ele-
vated serum IgG4 levels. The mean serum IgG4/IgG ratio 
in patients with RA was 3.5%±2.8% (range, 0.2%∼16.9%), 
and patients with IgG4-RD had high levels of serum IgG4 
(717.38±772.17). Conversely, none of the participants in 
the control group had elevated serum IgG4 levels. How-
ever, statistically significant differences in the serum IgG4 
levels and the IgG4/total IgG ratios were not observed be-
tween patients with RA and healthy controls. 
Elevated serum IgG4 levels were found in 3 (10.7%) in-

dividuals in the HDA group (n=28) and in 3 (4.4%) in-
dividuals in the remission/LDA/MDA group (n=68). 
However, statistically significant differences were not ob-
served in serum IgG4 levels between the HDA and re-
mission/LDS/MDA groups (data not shown). According 
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Table 2. Correlation coefficients between the components of the rheumatoid arthritis disease activity index and serum IgG (total) 
and IgG4 levels and the IgG4/IgG ratio

　Variable 28TJC 28SJC PtGA ESR CRP DAS28-ESR DAS28-CRP

Age 0.146 0.126 0.089 0.195 0.188 0.154 0.159
Diseaseduration −0.213* −0.208* −0.235* −0.116 −0.052 −0.202* −0.238*
Serum IgG 0.19 0.179 0.343** 0.33** 0.145 0.35** 0.294**
Serum IgG4 0.15 0.151 0.174 0.262* 0.109 0.245* 0.193
IgG4/IgG ratio 0.101 0.099 0.047 0.188 0.054 0.144 0.82

IgG: immunoglobulin G, 28TJC: 28 tender joint counts, 28SJC: 28 swollen joint counts, PtGA: patient global assessment of disease
activity, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, DAS28: disease activity score-28. *p＜0.05, **p＜0.01. 

to the Spearman’s analysis (Table 2), the significant corre-
lations were found between serum IgG4 levels and DAS28- 
ESR (r, 0.245; p=0.016), and between serum IgG4 levels 
and ESRs (r, 0.262; p=0.010); a significant correlation 
was not observed between the IgG4/total IgG ratio and 
disease activity. 

DISCUSSION

This study found elevated serum IgG4 levels in6.3% 
(6/96) of patients with RA and in 10.7% (3/28) of pa-
tients with HDA; previous studies have reported elevated 
serum IgG4 levels in approximately 17.2%∼46% of pa-
tients with RA [9,11,12]. In healthy people, IgG4 makes 
up approximately 1%∼4% of the total IgG, making it the 
smallest IgG subclass [4,13]. Despite RA not being con-
sidered an IgG4-RD, we evaluated the role of IgG4 in this 
condition as it is elevated in certain patients. Previous 
studies on serum IgG4 levels in patients with RA have 
used a serum IgG4 level ＞135 mg/dL as a diagnostic cri-
terion for IgG4-RD [14,15]. Three methods of measure 
exist for determining IgG4 levels: nephelometric assay, 
enzyme-linked immunosorbent assay, and radial immuno-
assay [16], with the nephelometric assay (used in the 
present study) considered the most accurate.
We found a positive correlation between serum IgG4 

levels and DAS28-ESR. A previous study compared se-
rum IgG4 levels in patients with remission, LDA, MDA, 
and HDA, according to their DAS28 activity. In that study, 
higher IgG4 levels were also observed in patients with 
higher disease activity. We showed a correlation between 
DAS28 levels and serum IgG4 levels, suggesting that se-
rum IgG4 levels might function as a disease activity 
marker. Previous studies in patients with RA have fo-
cused on the IgG4 autoantibodies created in response to 
specific antigens [17-19]. These autoantibodies seem to 

affect RA pathogenesis and play a partially protective 
role; however, their primary role appears to be pathogenic 
[20]. 
The present study has various limitations. First, the 

study was small, involving only 96 patients with RA. 
Further investigations involving more patients are re-
quired to determine the clinical significance of IgG4 levels 
in patients with RA. Second, the levels of IgG4 autoanti-
bodies against rheumatoid factor and anticyclic citrulli-
nated peptide were not measured together. Further stud-
ies are required to determine the correlation between the 
serum IgG4 levels and these autoantibodies to improve 
our understanding of role of IgG4 in RA pathogenesis. 

CONCLUSION

Contrary to our expectations and the results of previous 
studies, only a small number of patients with RA had ele-
vated serum IgG4 levels. However, serum IgG4 values 
were correlated with DAS28-ESR. Therefore, serum IgG4 
levels may be useful for evaluating disease activity in pa-
tients with RA.
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