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Background: There is no standard cut-off value of serum IgG4 concentration and serum 
IgG4/total IgG ratio for the diagnosis of IgG4-related disease (IgG4-RD) or as a marker of 
treatment responses. We aimed to explore this issue through a retrospective cohort analy-
sis of adults in southwest China.

Methods: The diagnostic performance of serum IgG4 concentration and IgG4/IgG ratio for 
IgG4-RD was evaluated in a retrospective analysis of 177 adults newly diagnosed as hav-
ing IgG4-RD and 877 adults without IgG4-RD. Dynamic analysis was performed to evalu-
ate the significance of serum IgG4 concentration on IgG4-RD treatment responses.

Results: The serum IgG4 concentration differed according to sex. The optimal cut-off val-
ues of serum IgG4 concentration and IgG4/IgG ratio for IgG4-RD diagnosis were 1.92 g/L 
and 0.12 in males and 1.83 g/L and 0.11 in females, respectively. For patients with serum 
IgG4 concentration >2.01 g/L, the cut-off values in the total population were >3.00 g/L 
and 0.19, respectively. The median serum IgG4 concentration decreased over time, and 
the decrease rate increased over time. The serum IgG4 concentration significantly de-
creased at >1 week post-treatment (P =0.004), and the median decrease rate was close 
to 50% at >4 weeks post-treatment.

Conclusions: Serum IgG4 can be a good indicator for IgG4-RD diagnosis; however, differ-
ent diagnostic cut-off values should be determined according to sex. The decreasing rate 
is more conducive than the serum IgG4 concentration to monitor treatment efficacy. The 
IgG4/IgG ratio did not improve the diagnostic efficacy for IgG4-RD.
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INTRODUCTION

IgG4-related disease (IgG4-RD) is an immune-mediated chronic 

inflammatory fibrosis disease characterized by tissue infiltration 

of IgG4+ cells in the lesion and an elevated serum IgG4 concen-

tration, resulting in masses, destructive tissue damage, and or-

gan failure [1, 2]. IgG4-RD may present in nearly any anatomi-

cal site, but it most commonly occurs in the pancreas, bile duct, 

retroperitoneum, kidneys, lungs, salivary and lacrimal glands, 

orbit, and lymph nodes [3-5]. Due to the non-specific symp-

toms of this disease and its weak recognition by clinicians, 

IgG4-RD is often easily misdiagnosed as a tumor or other auto-
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immune disease, resulting in unnecessary surgery and inappro-

priate medication.

The guideline for IgG4-RD diagnosis was first established in 

2011 in Japan, including a serum IgG4 concentration cut-off 

value of >1.35 g/L (conversion factor: 1 g/L=6.85E-06 mol/L for 

IgG4) for a definite IgG4-RD diagnosis [6]. Recently, the 2019 

American College of Rheumatology (ACR)/European League 

Against Rheumatism (EULAR) published new and more com-

prehensive rheumatism classification criteria for IgG4-RD [7]. 

However, these new criteria do not offer a precise cut-off value 

of serum IgG4 concentration but rather use multiples of the up-

per limit to acquire the numeric weight. Thus, the diagnostic 

performance of serum IgG4 concentration requires further in-

vestigation.

High concentrations of serum IgG4 occur in other diseases 

[8-10], and wide variability in the diagnostic performance of se-

rum IgG4 for IgG4-RD has been reported owing to different 

sample sizes, test methods, and ethnic dissimilarities among 

studies [11-14]. Given the lack of in-depth understanding of 

this disease, there are limited studies on the diagnostic efficacy 

of serum IgG4 in patients with IgG4-RD, especially in China, 

with the majority of published studies being case reports [15, 

16]. The majority of clinical descriptions of IgG4-RD have been 

concentrated on the Japanese and Caucasian populations and 

are confined to studies of a single organ [17-20]. Increased ra-

tios of serum IgG4 to total IgG (>10%) can improve diagnostic 

specificity, especially when IgG4 concentrations are only slightly 

elevated [21]. Nevertheless, according to a survey performed by 

Carruthers, et al. [22], the serum IgG4/IgG ratio did not improve 

the specificity or result in a better positive predictive value (PPV) 

for the diagnosis of IgG4-RD.

In this study, we investigated the clinical characteristics of 

177 adult IgG4-RD patients in southwest China to explore the 

diagnostic performance of serum IgG4 concentration and the 

serum IgG4/total IgG ratio, along with their effect on treatment 

responses.

MATERIALS AND METHODS

Patients
For this retrospective analysis, we reviewed the medical records 

of all patients who underwent serum IgG4 and total IgG mea-

surements at the same time at West China Hospital of Sichuan 

University, Chengdu, China, from April 2014 to November 

2021. We identified 177 adult (≥18 years old) patients newly 

diagnosed as having IgG4-RD and 877 untreated non-IgG4-RD 

patients. The comprehensive diagnostic criteria and organ-spe-

cific criteria established by Japan in 2011 and by the ACR/EU-

LAR in 2019 were used to diagnose IgG4-RD [6, 7].

This study followed a retrospective design that had no poten-

tial to interfere with the diagnosis or treatment process of pa-

tients and was approved by the Institutional Ethics Committee of 

West China Hospital of Sichuan University (reference No. 759, 

2020). The study was performed in accordance with the 2013 

guidelines of the Helsinki Declaration.

Laboratory testing
Data on laboratory examinations, clinical manifestations, and 

pathological biopsy results were collected through the hospital 

information system and laboratory information system of West 

China Hospital, Sichuan University. The first test of serum IgG4 

and other laboratory tests were all performed within 3 days after 

a diagnosis and before the start of treatment. The test results 

during follow-up were obtained within 3 days of the outpatient 

follow-up date, at which point the doctor adjusted the medica-

tion according to the results of serum IgG4 measurements as 

necessary. The serum IgG4 concentration was measured on a 

Siemens BN II nephelometer (Siemens Healthcare Diagnostics, 

Malberg, Germany), and the total serum IgG concentration was 

measured on a Beckman IMMAGE 800 analytical system 

(Beckman Coulter, Brea, CA, USA). Relevant biochemistry, rou-

tine blood parameters, and immunological indicators were mea-

sured in compliance with the automated procedures of the clini-

cal laboratories. Tissue biopsy and immunohistochemical stain-

ing results were available for all IgG4-RD patients.

Statistical analysis
Data were analyzed using SPSS version 19.0 for Windows (SPSS 

Inc., Chicago, IL, USA). Categorical variables are expressed as 

percentages, and continuous variables are expressed as the 

median and interquartile range. The comparison between two 

groups was analyzed using the Mann–Whitney U-test. Spear-

man’s correlation coefficient was calculated to evaluate the cor-

relation of the serum IgG4 concentration with the number of in-

volved organs. ROC analysis was performed to evaluate the di-

agnostic performance of the serum IgG4 concentration and 

IgG4/IgG ratio for IgG4-RD. P <0.05 was considered statistically 

significant. The ROC curve comparison was analyzed using 

GraphPad Prism 8.4 software (GraphPad Inc., San Diego, CA, 

USA), which was also used to construct charts and graphs.
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RESULTS

Characteristics of patients with and without IgG4-RD
The median age of patients in the IgG4-RD group was 56 years 

(range: 18-83 years) and that of the non-IgG4-RD group was 49 

years (range: 18-88 years). The percentage of males in the IgG4-

RD group (68.9%) was significantly higher than that in the non-

IgG4-RD group (46.8%) (P <0.001).

The majority (66.1%, 117/177) of the IgG4-RD patients were 

initially treated with glucocorticoids (GCs), including 32 patients 

with combination therapy of immunosuppressive agents (ISAs). 

At the first visit to the hospital, 23.7% of patients received surgi-

cal treatment and 7.3% received symptomatic treatment. Two 

patients initially received anti-infective therapy, one patient re-

ceived anti-fungal treatment, one patient received anti-tubercu-

losis treatment, and one patient received anti-parasitic treatment.

Among patients in the non-IgG4-RD group, 200 (22.8%) had 

kidney disease, 138 (15.7%) had pancreato-biliary diseases, 

121 (13.8%) had viral hepatitis, 91 (10.4%) had autoimmune 

liver disease, 62 (7.1%) had systemic lupus erythematosus, 48 

(5.5%) had neurological disease, 43 (4.9%) had inflammatory 

bowel disease, 29 (3.3%) had Sjogren syndrome, 26 (3.0%) 

had rheumatoid arthritis, 22 (2.5%) had mixed connective tis-

sue disease, 20 (2.3%) had myasthenia gravis, 17 (1.9%) had 

antineutrophilic cytoplasmic antibody (ANCA)-associated sys-

temic vasculitis, and 12 (1.4%) had allergic purpura. See Sup-

plemental Data Table S1 for the complete clinical characteristics 

of the non-IgG4-RD group.

The baseline characteristics of the 177 IgG4-RD adult patients 

are summarized in Table 1. The median serum IgG4 concentra-

tion, serum IgE concentration, C-reactive protein (CRP) concen-

tration, erythrocyte sedimentation rate (ESR), and serum IgG 

Table 1. Laboratory findings of IgG4-RD and non-IgG4-RD patients

Reference range
IgG4-RD (N=177) Non-IgG4-RD (N=877)

P Reference 
rangeN Median

Interquartile 
range

Total range N Median
Interquartile 

range
Total range

Male, N (%) 122 (68.9) NA NA NA 410 (46.8) NA NA NA <0.001 NA

Age (yr) 177 56 47-65 18-83 877 49 38-60 18-88 <0.001 NA

Serum IgG4 (g/L) 177 5.78 3.27-13.50 0.69-173.00 877 0.48 0.24-0.93 0.00-6.28 <0.001 0.03-2.01

IgG4/IgG 158 0.27 0.17-0.75 0.05-2.69 877 0.04 0.02-0.07 0.00-0.31 <0.001 NA

Serum IgG (g/L) 158 18.80 15.33-28.88 9.12-88.70 877 12.80 9.92-16.70 2.84-104.00 <0.001 8.00-15.50

Serum IgE (IU/mL) 135 279 150.00-551.42 1.79-7,120.00 NA NA NA NA NA 5.00-150.00

CRP (mg/L) 116 7.73 2.45-40.58 1.00-321.00 NA NA NA NA NA <5.00

ESR (mm/hr)   97 52 31-83 2-120 NA NA NA NA NA <21

Serum C3 (g/L) 121 0.76 0.59-1.03 0.19-2.59 NA NA NA NA NA 0.79-1.52

Serum C4 (g/L) 121 0.16 0.12-0.22 0.02-0.46 NA NA NA NA NA 0.15-0.36

Serum IgA (mg/L) 146 2,015 1,320-3,057.5 436-8,360 NA NA NA NA NA 836-2,900

Serum IgM (mg/L) 146 1,065 718.50-1,557.5 254-5,950 NA NA NA NA NA 700-2,200

Eosinophils (%) 174 3.0 1.0-5.9 0.0-39.6 NA NA NA NA NA 0.4-8.0

Absolute eosinophils (109/L) 174 0.19 0.06-0.37 0.00-4.11 NA NA NA NA NA 0.02-0.52

CD3+ T cells (%) 128 71.6 63.8-77.2 24.6-90.8 NA NA NA NA NA 66.9-83.1

CD3+ CD4+ T cells (%) 128 42.7 34.8-48.8 11.6-68.3 NA NA NA NA NA 33.2-47.9

CD3+ CD8+ T cells (%) 128 22.5 16.9-27.3 6.2-56.0 NA NA NA NA NA 20.4-34.7

Absolute count of CD3+ T cells
  (cells/µL)

  36 1,016 852-1,370 313-1,991 NA NA NA NA NA 941-2,226

Absolute count of CD3+ CD4+  
   T cells (cells/µL)

  36 596 494-744 201-1,460 NA NA NA NA NA 471-1,220

Absolute count of CD3+ CD8+  
   T cells (cells/µL)

  36 300 239-403 82-966 NA NA NA NA NA 303-1,003

Abbreviations: NA, not applicable; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IgG4-RD, IgG4-related disease.  
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concentration in the IgG4-RD group were all elevated compared 

with the corresponding reference ranges. The serum IgG4 con-

centration and IgG4/IgG ratio in the non-IgG4-RD group were 

0.48 (0.24-0.93) g/L and 0.04 (0.02-0.07), respectively, which 

were both significantly lower than those in the IgG4-RD group 

(P <0.001 and <0.001, respectively; Table 1).  

Local mass (31.6%) was the most frequent initial symptom in 

the 177 IgG4-RD patients, followed by cough (23.2%), jaundice 

(20.3%), abdominal pain (19.8%), fever (18.1%), expectoration 

(16.4%), fatigue (11.9%), dyspnea (11.3%), bloating (9.6%), 

cutaneous pruritus (8.5%), edema of the lower extremity 

(8.5%), lymphadenectasis (8.5%), and poor appetite (7.9%).

The clinical manifestations of the 177 IgG4-RD patients were 

systemic and considerably heterogeneous, since the disease may 

affect nearly every organ system. The number and type of involved 

organs in IgG4-RD patients varied. The proportion of IgG4-RD 

patients with involvement of one, two, three, four, five, and six or-

gans was 55.4%, 26.6%, 9.0%, 5.1%, 1.7%, and 2.3%, respec-

tively, with corresponding serum IgG4 concentrations of 4.25 

(2.65-8.88) g/L, 6.54 (4.19-13.90) g/L, 11.60 (5.46-16.58) g/L, 

13.80 (12.30-51.70) g/L, 64.40 (33.53-67.25) g/L, and 30.10 

(19.07-71.53) g/L, respectively. The serum IgG4 concentration in 

the IgG4-RD group was significantly correlated with the number 

of organs involved (Spearman’s correlation coefficient=0.40, 

P <0.001). The top seven involved organs were the lymph nodes 

(39.0%), pancreas (26.6%), orbit (19.2%), submandibular gland 

(18.1%), bile duct (14.1%), lung (14.1%), and kidney (10.7%) 

(Supplemental Data Fig. S1) (Fig. 1).  

Diagnostic performance of serum IgG4 concentration and 
the IgG4/IgG ratio for IgG4-RD
There was a significant difference of age and sex ratio between 

the IgG4-RD and non-IgG4-RD groups, and multiple regression 

analysis showed that sex was an independent predictor of the 

serum IgG4 concentration. This suggested that sex influences 

the serum IgG4 concentration, with males showing a higher se-

rum IgG4 concentration than females (Supplemental Data Table 

S2). Therefore, ROC curve analysis was performed separately 

for each sex to evaluate the diagnostic accuracy of the serum 

IgG4 concentration and IgG4/IgG ratio in IgG4-RD patients (Sup-

plemental Data Fig. S2). The individual distributions are shown 

in Supplemental Data Table S3. The area under the ROC curve 

(AUC) values of serum IgG4 concentration were similar in males 

and females, whereas the AUC value of the serum IgG4/IgG ra-

tio for males was slightly higher than that for females. The opti-

mal cut-off values of serum IgG4 concentration and the IgG4/

IgG ratio for IgG4-RD diagnosis were 1.92 g/L and 0.12, respec-

tively, in males and 1.83 g/L and 0.11, respectively, in females. 

The negative predictive values (NPVs) of serum IgG4 concen-

tration and the IgG4/IgG ratio were all over than 97%, which 

were higher than the PPVs (Table 2).  

We further performed ROC analysis for IgG4-RD diagnosis in 

patients with a serum IgG4 concentration >2.01 g/L (reference 

value) to evaluate whether the serum IgG4/IgG ratio could have 

Fig. 1. Violin plot showing the serum IgG4 concentrations of IgG4-
related disease patients according to the number of involved organs. 
The tops and bottoms of the violin plots represent the minimum and 
maximum, respectively. The bold dotted line in the middle repre-
sents the median, and the dotted lines on either side represent the 
interquartile range covering 50% of the values. **P <0.01.
Abbreviation: IgG4-RD, IgG4-related disease.
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Table 2. Diagnostic performance of serum IgG4 concentration and IgG4/IgG ratio in patients with and without IgG4-RD, stratified by sex

Groups
Serum IgG4 IgG4/IgG

AUC
Cut-off value 

(g/L)
Sensitivity

(%)
Specificity

(%)
PPV
(%)

NPV
(%)

AUC
Cut-off 
value

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

All patients 0.98 1.73 94.9 90.3 66.4 98.9 0.96 0.11 89.2 88.8 59.0 97.9

Males 0.98 1.92 93.4 91.5 76.5 97.9 0.97 0.12 90.6 89.5 69.1 97.4

Females 0.97 1.83 94.6 91.7 57.1 99.3 0.95 0.11 84.6 91.0 51.2 98.2

Abbreviations: AUC, area under the curve; IgG4-RD, IgG4-related disease; PPV, positive predictive value; NPV, negative predictive value.
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better diagnostic performance for IgG4-RD diagnosis in these 

patients (Supplemental Data Fig. S3). The individual distribu-

tions are shown in Supplemental Data Table S3. As shown in 

Table 3, diagnostic efficiency analysis demonstrated that the 

Table 3. Diagnostic performance of serum IgG4 concentration and IgG4/IgG ratio in patients with and without IgG4-RD, stratified by serum 
IgG4 concentration >2.01 g/L and sex

Groups
Serum IgG4 IgG4/IgG

AUC
Cut-off 

value (g/L)
Sensitivity 

(%)
Specificity 

(%)
PPV 
(%)

NPV 
(%)

AUC
Cut-off 
value

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

Total (IgG4 >2.01 g/L) 0.88 3.62 78.9 85.5 92.7 63.4 0.83 0.20 77.10 84.1 91.0 63.7

Males (IgG4 >2.01 g/L) 0.88 3.07 88.4 76.5 92.5 66.7 0.85 0.21 78.6 82.4 92.8 57.1

Females (IgG4 >2.01 g/L) 0.88 3.48 79.6 85.7 88.6 75.0 0.79 0.20 69.6 91.4 91.4 69.6

Abbreviations: AUC, area under the curve; IgG4-RD, IgG4-related disease; PPV, positive predictive value; NPV, negative predictive value.

Fig. 2. Dynamic analysis of serum IgG4 concentration (A-C) and the decrease rate of serum IgG4 concentration post-treatment (D) in 
IgG4-RD patients treated with glucocorticoids. *P <0.05, **P <0.01, and ***P <0.001. 0: pre-treatment; [0, 1]: 0 weeks <post-treatment 
≤1 week; [1, 2]: 1 week <post-treatment ≤2 weeks; [2, 4]: 2 weeks <post-treatment ≤4 weeks; [4, 8]: 4 weeks <post-treatment ≤8 
weeks. For A and D, the tops and bottoms of the violin plots represent the minimum and maximum, respectively, the bold dotted line in the 
middle represents the median, and the dotted lines on either side represent the interquartile range covering 50% of the values.
Abbreviations: GC, glucocorticoid; ISA, immunosuppressive agent. 
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AUC values of serum IgG4 concentration or the IgG4/IgG ratio 

for patients with serum IgG4 concentration >2.01 g/L de-

creased consistently for males, females, and the total popula-

tion, with a maximum of 0.88. The cut-off values of serum IgG4 

concentration and the IgG4/IgG ratio were >3.00 g/L and 0.19, 

respectively. In patients with serum IgG4 concentration >2.01 

g/L, the PPVs of serum IgG4 concentration or the IgG4/IgG ratio 

were all over 0.88, which were higher than the NPVs (Table 3).  

Association of IgG4 serum concentration with the treatment 
response in IgG4-RD patients
Dynamic analysis of the serum IgG4 concentrations measured 

at different time points during follow-up was performed for the 

117 IgG4-RD patients initially treated with GCs. Patients were 

divided into a pre-treatment group (N=117), group 1 (0 week 

<post-treatment ≤1 week; N=21), group 2 (1 week<post-

treatment ≤2 weeks; N=27), group 3 (2 weeks<post-treatment 

≤4 weeks; N=37), group 4 (4 weeks<post-treatment ≤8 weeks; 

N=44), and group 5 (post-treatment >8 weeks; N=35). With 

increased time post-treatment, the median serum IgG4 concen-

tration decreased and the decrease rate increased. The serum 

IgG4 concentration significantly decreased at >1 week post-

treatment (P =0.004), and the change in the serum IgG4 con-

centration was similar between patients treated with a single GC 

and those treated with GCs plus ISAs, which indicated that the 

serum IgG4 concentration significantly decreased with a good 

response to treatment. Further analysis showed that the median 

decrease rate was close to 50% at >4 weeks post-treatment 

(Fig. 2).  

We stratified the 117 IgG4-RD patients into four groups ac-

cording to different pre-treatment serum IgG4 concentrations 

(upper limit of the reference value, and 2 or 5 times the upper 

limit of the reference value: IgG4 ≤2.01 g/L, 2.01-4.02 g/L, 4.02-

10.05 g/L, >10.05 g/L) to observe the associations between pre-

treatment serum IgG4 concentration and the decrease rate  

of serum IgG4 concentration over time. The decrease rate in-

creased for a longer treatment time. However, the serum IgG4 

concentration did not readily recover to the normal range after 

treatment for patients with a pre-treatment serum IgG4 concen-

tration that was much higher than the reference range, even af-

ter 8 weeks of treatment (Supplemental Data Fig. S4).

DISCUSSION

It has been gradually recognized that the traditional criteria for 

IgG4-RD diagnosis are no longer applicable. The cut-off value of 

1.35 g/L is based on a reagent used in radial immunodiffusion 

(Binding Site, Birmingham, UK) or ELISA (Yoshitomi Pharma-

ceutical Industries, Osaka, Japan) [6]. Exploration of an appro-

priate cut-off value and its clinical significance for different re-

gions, nationalities, and reagents has gradually become a focus 

of attention in several recent studies [23-25].

In our study, the median age of the 177 IgG4-RD patients was 

56 years and the male:female ratio was 2.22:1 (males ac-

counted for 68.9% of all patients), which was similar to the re-

sults of Lin, et al. [26] and Xia, et al. [27]. Serum IgE and CRP 

concentrations and ESR were elevated and the complement C3 

concentration was decreased in IgG4-RD patients, compared 

with the reference ranges (Table 1), which was in accordance 

with the results of Lin, et al. [26], Yamada, et al. [28], and Wal-

lace, et al. [29]. Therefore, IgG4-RD predominantly occurs in 

older men and is characterized by humoral immune activation.

We retrospectively analyzed the clinical significance of serum 

IgG4 concentration in assisting in diagnosing IgG4-RD and the 

clinical characteristics of IgG4-RD patients. In our study, the 

most common symptom and manifestations were similar to 

those reported previously [26, 29], in which local mass was the 

most frequent symptom and the lymph node was the main or-

gan involved. We found that 44.6% of IgG4-RD patients had 

more than two involved organs, which was similar to the study 

of Culver, et al. [14] (43.1% IgG4-RD patients had multiple-or-

gan involvement). The serum IgG4 concentration increased with 

the numbers of involved organs (ρ=0.40, P <0.001), which was 

similar to the result of Culver, et al. [14]. However, Lin, et al. [26] 

found that up to 78.8% of IgG4-RD patients had multiple-organ 

involvement and the mean IgG4 concentration was 15.22 g/L. 

Together, these results suggest that the involvement of more or-

gans could result in a higher serum IgG4 concentration, which 

can explain the difference in the results between our study and 

the study of Lin, et al. [26].

Diagnostic performance analysis indicated that the serum 

IgG4 concentration and the IgG4/IgG ratio have good diagnostic 

efficiency in assisting in the diagnosis of IgG4-RD in the adult 

population of southwest China. The AUC values of serum IgG4 

concentration and the IgG4/IgG ratio were both over 0.95. Multi-

factor analysis showed that sex was an independent factor influ-

encing the serum IgG4 concentration, which was in line with 

the results of Harkness, et al. [30] and Puissant-Lubrano, et al. 
[31]. Harkness, et al. [30] used multivariate linear regression to 

determine that IgG and IgG subclass concentrations differ ac-

cording to sex and race and found that male patients had 

higher IgG4 concentrations than female patients. Puissant-Lu-
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brano, et al. [31] observed lower serum IgG4 concentrations in 

females than in males. Therefore, diagnostic performance anal-

ysis was conducted based on sex stratification. The AUC values 

of serum IgG4 concentration and the IgG4/IgG ratio were over 

0.95 for both males and females. The optimal cut-off values of 

serum IgG4 concentration and the IgG4/IgG ratio for IgG4-RD 

diagnosis in males were 1.92 g/L and 0.12, respectively, and 

those in females were 1.83 g/L and 0.11, respectively. The cut-

off value of serum IgG4 was slightly higher than the classic cut-

off (1.35 g/L). The higher NPVs for the serum IgG4 concentra-

tion and IgG4/IgG ratio indicated that these indicators could be 

good exclusive biomarkers for IgG4-RD. Due to increased se-

rum IgG4 concentrations in some patients of the non-IgG4-RD 

group, the diagnostic performance of the IgG4/IgG ratio for 

IgG4-RD diagnosis was further evaluated in patients with a se-

rum IgG4 concentration >2.01 g/L. The AUC values of the 

IgG4/IgG ratio in males and females were 0.85 and 0.79, re-

spectively, which did not improve the diagnostic efficacy of the 

IgG4/IgG ratio for IgG4-RD. This suggests that the IgG4/IgG ratio 

cannot improve the diagnostic efficiency of an IgG4-RD diagno-

sis, similar to the result of Carruthers, et al. [22].

Xia, et al. [27] reviewed the serum IgG4 concentrations and 

IgG4/IgG ratios in 133 IgG4-RD patients and 1,248 patients 

without IgG4-RD at Peking University People’s Hospital and 

found that the cut-off values of IgG4 concentrations and the 

IgG4/IgG ratio were 2.1 g/L and 0.11, with AUC values of 0.96 

and 0.97, respectively. Carruthers, et al. [22] reviewed the med-

ical records of 72 patients who had either probable or definite 

IgG4-RD and 308 patients without IgG4-RD at Massachusetts 

General Hospital and found that the sensitivity and specificity 

were 90% and 60% with serum IgG4 >1.35 g/L, which 

changed to 35% and 91%, respectively, when serum IgG4 con-

centrations were higher than 2.7 g/L; the specificity and sensi-

tivity were 86% and 59%, respectively, when the IgG4/total IgG 

ratio was >0.08. They finally concluded that neither doubling 

the cut-off for serum IgG4 nor examining the serum IgG4/IgG 

ratio improves the overall test characteristics for the diagnosis of 

IgG4-RD. Li, et al. [32] defined the optimal cut-off value of 1.58 

g/L for IgG4 concentrations by the ROC curve in the Chinese 

population when including the IgG4-RD group, other diseases 

groups, and healthy controls. We found that the optimal cut-off 

values of the serum IgG4 concentration and IgG4/IgG ratio for 

IgG4-RD diagnosis were 1.92 g/L and 0.12, respectively, in 

males and 1.83 g/L and 0.11, respectively, in females. For pa-

tients with serum IgG4 concentrations >2.01 g/L, the optimal 

cut-off values of serum IgG4 concentration and the IgG4/IgG ra-

tio for IgG4-RD diagnosis were 3.07 g/L and 0.21, respectively, 

in males and 3.48 g/L and 0.20, respectively, in females. Our 

results were slightly different from those of Xia, et al. [27], Car-

ruthers, et al. [22], and Li, et al. [32], which may be due to re-

gional and ethnic differences, different sample sizes, different 

detection methods, as well as the stratification by sex that was 

only used in our study.

IgG4-RD patients have good responses to GCs [5]. According 

to the 2019 ACR/EULAR classification criteria for IgG4-RD [7], 

a lack of response to GCs serves as an exclusion criterion for 

the diagnosis of IgG4-RD. We found that serum IgG4 concen-

trations were significantly decreased in the IgG4-RD patients 

who showed good responses after initial treatment with GCs. 

Our results indicated that the serum IgG4 concentration can 

strikingly decrease at 2 weeks post-treatment and can decrease 

by nearly 50% at 4 weeks post-treatment. However, serum IgG4 

concentrations were less likely to decrease to the reference 

range when the pre-treatment serum IgG4 concentration was 

higher than 10.05 g/L, even after 8 weeks of treatment (Supple-

mental Data Fig. S4). This may result from the long-lived plasma 

cells that are not affected by current treatments, which have mi-

grated back to the bone marrow and continue to produce IgG4 

[5]. More prospective studies are needed to explore the effi-

ciency of serum IgG4 in the therapeutic monitoring of IgG4-RD. 

Since it is difficult for an elevated serum IgG4 concentration to 

recover to a normal level, the decrease rate of serum IgG4 may 

be more useful for monitoring efficacy.

Because this was a retrospective study, there are several limi-

tations. First, it is possible that we may have easily missed some 

IgG4-RD patients. Second, our dynamic monitoring data were 

group-based data due to the retrospective design, and individ-

ual dynamic monitoring would be more helpful to evaluate the 

significance of serum IgG4 detection in therapy assessment. Fi-

nally, prospective studies with more patients are needed to vali-

date our results.

In conclusion, we evaluated the diagnostic performance of 

serum IgG4 concentration and the IgG4/IgG ratio for IgG4-RD in 

adults of southwest China and found that an elevated serum 

IgG4 concentration was of great value for IgG4-RD diagnosis, 

whereas the IgG4/IgG ratio cannot improve the diagnostic effi-

ciency for IgG4-RD. Different diagnostic cut-off values of serum 

IgG4 should be determined according to sex. The decrease rate 

of serum IgG4 concentration appears to be more conducive to 

monitoring the therapeutic efficacy than the serum IgG4 con-

centration alone.
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