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Abstract: Objective: To study the sensitivity and specificity of IgG4 in the diagnosis of Sicca syndrome (SS) and to 
explore its clinical application value in the diagnosis of SS. Methods: The medical records of 215 patients with Sicca 
syndrome (SS group), 304 cases with simple connective tissue disease (CTD group) and 100 healthy volunteers 
(control group) were analyzed retrospectively. Results: A difference in course of disease was found between the SS 
and CTD groups (P < 0.05). The course of disease in patients with sSS was longer than that in patients with pSS (P 
< 0.05). The serum IgG4 levels in the SS and CTD groups were higher than that in the control group and the serum 
IgG4 levels were higher in the SS group than that in CTD group (P < 0.05). Moreover, the AUC of IgG4 in diagnosing 
SS from healthy people was 0.868, the diagnostic level of IgG4 was 0.485 g/L. AUC of IgG4 in diagnosing SS from 
CTD was 0.675, the IgG4 diagnostic level was 0.541 g/L, the sensitivity was 71.7% and the specificity was 59.1%. 
Conclusion: IgG4 has good application value in SS diagnosis and IgG4 is applicable as a supplement to routine 
diagnosis of SS patients so as to increase sensitivity.
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Introduction

Sicca syndrome (SS) is a diffuse connective tis-
sue disease (CTD) with the clinical feature of 
frequently observed high lymphocytic infiltra-
tion. The incidence of SS in females is higher 
than that in males and mechanisms of occur-
rence have not been clearly studied [1, 2]. 
Patients with SS often suffer from joint pain, 
arthritis and systemic injury of exocrine glands 
and various autoimmune antibodies appear in 
serum [3]. These clinical features and serum 
antibodies are the main basis for the diagno- 
sis of SS. However, patients with primary sic- 
ca syndrome (pSS) and patients with SS com-
bined with early rheumatoid arthritis may pres-
ent clinical symptoms such as polyarthritis and 
dryness without bone destruction accompa-
nied by positive rheumatoid factor [4]. There- 
fore, the sensitivity and specificity of SS diag- 
nosis remain to be improved.

Immunoglobulin G (IgG) is the main compo- 
nent of immunoglobulin produced by plasma 
cells, which accounts for approximately 75% of 

all immunoglobulin and is an important func-
tional molecule in the immune system. IgG is 
composed of four subtypes, including IgG1, 
IgG2, IgG3, and IgG4, of which IgG4 is the le- 
ast abundant, accounting for about 4% of all 
IgG. Its content in normal adult serum is 0.08-
1.40 g/L, and there are significant differences 
in structure compared to other IgG subtypes [5, 
6], so better sensitivity and specificity will be 
achieved when it is applied for diagnosis. Au- 
toimmune diseases often present abnormal 
changes in expression levels of IgG4, such as 
the elevated level of IgG4 in patients with sys-
temic lupus erythematosus (SLE) [7]. Reports 
on application of IgG4 in diagnosis of IgG-re- 
lated diseases have increased [8, 9], but re- 
ports of IgG4 in SS are rare.

Therefore, this study was expected to explore 
the diagnostic value of IgG4 in SS by detecting 
the level of expression of IgG 4 in serum of 
patients with SS, CTD and in healthy individu-
als, and provide a supplementary basis for the 
clinical diagnosis of SS.
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Materials and methods

Research subjects 

A retrospective analysis was conducted involv-
ing 215 cases with SS (SS group) enrolled in 
Tianjin First Center Hospital. Among them 139 
were suffering pSS and a further 76 cases were 

group) were selected during the same period 
including 167 cases with rheumatoid arthritis 
(RA) and 137 cases with systemic lupus erythe-
matosus (SLE), excluding patients diagnosed 
with other CTDs, such as systemic sclerosis 
and polymyositis. All of the 519 patients were 
primarily diagnosed in our hospital and 100 
healthy volunteers over the same period (con-

Table 1. General information for three groups of subjects

SS group CTD group Control 
group Statistic P-value

Group number 215 304 100
Sex [n (%)] 30.062 < 0.001
    Male 29 (13.5) 41 (13.5) 45 (45.0)
    Female 186 (86.5) 263 (86.5) 55 (55.0)
Age (year) 46.2±10.7a 38.6±15.7a,b 35.7±10.2 29.091 < 0.001
pSS 139 (64.7)
sSS 76 (35.3)
RA 167 (54.9)
SLE 137 (45.1)
Course of disease (year) 3.2±1.2 2.7±1.2 4.676 < 0.001
Note: a: compared with control group, P < 0.05; b: compared with SS group, P < 0.05.

Table 2. Comparison of General Information between SS Group and CTD 
Group

Group 
number Men Female Age (year) Course of disease 

(year)
SS group pSS 139 17 (12.2) 122 (87.8) 46.1±11.7 2.8±1.6

sSS 76 12 (15.8) 64 (84.2) 46.3±9.6 3.6±1.2
Statistic 0.272 0.127 3.811
P-value 0.532 0.899 < 0.001
CTD group RA 167 29 (17.4) 138 (82.6) 38.4±11.3 2.5±0.9

SLE 137 15 (10.9) 122 (89.1) 38.8±16.5 2.9±1.5
Statistic 2.012 0.250 2.873
P-value 0.140 0.803 0.004

Table 3. Expression Level Analysis Result of IgG4 in Each Group of Patients
IgG4 (g/L) Statistic P-value

SS group pSS 0.515±0.101 0.572±0.123 67.76 < 0.001
sSS 0.629±0.133

Statistic 2.598
P-value 0.010
CTD group RA 0.462±0.128 0.483±0.125a

SLE 0.504±0.117
Statistic 2.985
P-value 0.003
Control group 0.411±0.069a,b

Note: a: compared with SS group, P < 0.05; b: compared with CTD group, P < 0.05. 

diagnosed with sec-
ondary SS (sSS). All 
patients were in com-
pliance with the SS 
international diagno-
sis standard (2011) 
[10] and none of the 
patients were given 
hormones or immu- 
notherapy. Sicca syn-
drome classification 
criteria are as follo- 
ws: A, Oral symptoms 
(one or more of the 
three items): 1. Daily 
sense of dry mouth 
lasts more than 3 
months; 2. Repeated 
or continuous swell-
ing of the parotid 
glands in adulthood; 
3. Use water to help 
dry food. B, Ocular sy- 
mptoms (one or more 
of the three items): 1. 
The dry eye that can-
not be tolerated for 
more than 3 months; 
2. There are repeat- 
ed sand into the eyes 
or sanding feeling; 3. 
Daily use of artificial 
tears 3 or more times. 
C, Eye signs (one or 
more of the following 
tests are positive): 1. 
Schirmer I test (+); 2. 
Corneal staining (+). 
D, Histological exami-
nation of the lower lip 
gland pathology show- 
ed that the lympho-
cyte stove. E, Autoan- 
tibodies: Anti-SSA or 
Anti-SSB (+) (Double 
Diffusion). 304 cases 
of simple CTD (CTD 
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trol group) were selected. This study was ap- 
proved by the medical ethics committee of  
our hospital and 619 subjects or their family 
members gave informed consent. 

Methods

Fasting peripheral venous blood was collect- 
ed in the early morning before treatment. IgG4 
was detected by scatter turbidimetry, and anti-
nuclear antibody (ANA) was detected by an indi-
rect immunofluorescence technique. The IgG4 
kit was purchased from Siemens Shanghai 
Medical Equipment Ltd., and the ANA kit was 
purchased from Oumeng Medical Laboratory 
Diagnosis Co., Ltd. The experimental operation 
of IgG4 was strictly implemented in compliance 
with the standard operating procedure from 
Beckman Coulter, Inc.

Statistical analysis

SPSS 19.0 (Asia Analytics, formerly SPSS 
China) was employed for statistical analysis. 
The count data were expressed as rate, and 
Chi-squared (X2) tests were used for compari-
son of the rates. The measurement data were 
expressed as x ± sd, and analyzed by applica-
tion of t tests. Multiple groups were analyzed by 
application of ANOVA. The receiver operating 
characteristic curve (ROC) was used to analyze 
the diagnostic value of IgG4 in SS. P < 0.05 
indicates statistical significance. 

Results

General information

There were 215 patients diagnosed with SS 
enrolled, including 29 males and 186 femal- 
es, with the male/female ratio of 1: 6.41 and 
an average age of 46.2±10.7 years. Among  
all the patients with SS, 139 suffered pSS and 
76 patients had sSS with an average course of 
illness of 3.2±1.2 years. There were 304 
patients with CTD, including 44 males and 260 
females, with a male/female ratio of approxi-
mately 1:6.41 and an average age of about 
38.6±15.7 years old, of which 167 patients suf-
fered RA and 137 patients had SLE, with an 
average course of disease of 2.7±1.2 years. 
There were 100 healthy volunteers enrolled, 
including 45 males and 55 females with an 
average age of 35.7 + 10.2 years old. Gender 
and age varied across the three groups (P < 

0.05). The proportion of female patients in  
the SS and CTD groups was significantly high- 
er than that of male patients (P < 0.05). The 
course of disease in the SS group was sig- 
nificantly longer than that of the CTD group 
(Table 1). 

General data comparison between the sub-
groups of SS group and the CTD group demon-
strated that the male/female ratio and patient 
age were not statistically different between the 
SS and the CTD groups (P > 0.05), but the 
course of disease in patients with sSS and SLE 
was longer than that in patients with pSS and 
RA, respectively (P < 0.05) (Table 2).

Analysis results of the expression level of IgG4 
in each group of subjects

The mean serum IgG4 levels in patients of the 
SS group was 0.572 + 0.069 g/L, that in CTD 
patients was 0.483±0.125 g/L, and the serum 
IgG4 level in the subjects of the control gro- 
up was 0.411±0.123 g/L. The serum levels of  
the three groups of patients were statistically 
different (P < 0.05); the levels of serum IgG4 in 
patients of the SS and CTD groups were higher 
than that in the control group (P < 0.05) and the 
serum IgG4 level in the SS group was higher 
than that in the CTD group (P < 0.05). Intragroup 
analysis results illustrated that the serum IgG 
levels in patients with pSS and RA was lower 
than those with sSS and SLE, respectively (P < 
0.05) (Table 3).

Diagnostic value analysis of IgG4 in patients 
with SS and healthy volunteers

The ROC curve analysis displayed that the AUC 
for SS diagnosis with IgG4 was 0.868 and the 
95% confidence interval was 82.9%-90.8%, the 
cut-off value of the IgG4 level was 0.485 g/L 
with the 84.8% sensitivity and the 74.4% speci-
ficity (Figure 1).

Differential diagnosis value of IgG4 in patients 
with SS and CTDs

The results of ROC curve analysis display- 
ed that the AUC of the differential diagnosis  
of SS and CTD with IgG was 0.675, the 95% 
confidence interval was 62.8%-72.1%, the cut-
off value of the IgG4 level was 0.541 g/L wi- 
th sensitivity 71.7% and specificity 59.1% 
(Figure 2).
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The differential diagnosis value of IgG4 in 
patients with pSS and sSS via IgG4

The ROC curve analysis displayed that the AUC 
of pSS and sSS in the differential diagnosis of 
IgG4 was 0.754, the 95% confidence interval 
was 68.3%-82.6%, the cut-off value of the IgG4 
level was 0.629 g/L with 86.3% sensitivity and 
55.3% specificity (Figure 3).

Discussion

The pathogenesis of SS has not been studied 
clearly so far, but it is reported that damage to 

normal immune tolerance mechanisms may be 
one of the important reasons. The level of auto-
immune antibodies in peripheral blood of SS 
patients is often increased and IgG is a very 
important component [11, 12]. IgG has high 
specificity and affinity and is often expressed 
abnormally in some autoimmune diseases, so 
it has significant diagnostic value for autoim-
mune diseases [8, 13, 14]. IgG4 is present at 
extremely low levels in the healthy human body 
and is also the least abundant of all IgG anti-
bodies [15]. Therefore, this study hopes to 
explore the diagnostic value of IgG4 in SS, and 
provide reference levels for the clinical diagno-
sis of SS.

This study used scattering turbidimetry to 
detect the expression level of IgG4 in serum of 
all subjects and the analysis showed that the 
abnormal expression of IgG4 increased in both 
SS and CTD, and the expression level of IgG4 in 
sSS patients was significantly higher than that 
of pSS patients. Also, the expression level of 
IgG4 in SLE patients was significantly higher 
than in RA patients. The pathogenesis of SS 
has not yet been studied clearly; therefore, the 
abnormal increase of IgG4 expression may be 
related to an imbalance of immune function. 
However, many scholars have found during the 
study of IgG4-related diseases that the immune 
activity of Th2 cells and Treg cells is enhanced 
with higher levels of IL-4 expressed by Th2 and 
more IgG4 secreted by B-lymphocytes under 
the induction of IL-13. The IL-10 expressed by 

Figure 1. IgG4 differential diagnosis of SS patients 
and normal ROC curves. AUC = 0.868.

Figure 2. IgG4 differential diagnosis of SS patients 
with CTD ROC curve. AUC = 0.675.

Figure 3. IgG4 differential diagnosis of the ROC curve 
of pSS and sSS patients. AUC = 0.754.
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Th2 cells and Treg cells also tends to be con-
verted to IgG4 [16-18].

Further study is necessary for the exploration 
of the reason for the abnormal increase in IgG4 
levels in SS patients. Studies [19-21] have 
found that IgG4 expression is positive or ele-
vated in SS patients, which is similar to our 
results. The IgG4 in normal conditions is at the 
lowest serum level among all the IgG subtypes 
[22], thus, it may be the most sensitive to the 
occurrence and development of disease. We 
analyzed the value of application of IgG4 in the 
diagnosis of SS, and the results comparing the 
diagnostic value of IgG4 between the SS group 
and the healthy volunteer group identified that 
when the IgG4 was 0.485 g/L, the sensitivity  
of SS diagnosis may reach 84.8%, which is  
significantly improved compared with that for 
ANA (68.8%), Anti-SSA (63.7%), and Anti-SSB 
(37.7%), and the area under the curve for ROC 
could reach 0.868. However, the IgG4 specific-
ity in SS diagnosis is only 74.4%.

Therefore, we can expect IgG4 as a supple-
ment to the routine diagnosis of SS to effec-
tively improve the sensitivity, whereas how to 
improve the specificity of SS diagnosis remai- 
ns to be explored further. Few reports have 
been emerged regarding the diagnosis of SS  
by IgG4 in recent years. However, it was report-
ed [23] that the sensitivity and specificity of 
IgG4 in the diagnosis of IgG4-related diseases 
could reach 95.10% and 90.76%, respectively. 
There is also a study [24] reporting that IgG4, 
when used in the diagnosis of IgG4-related dis-
eases and combined with IgG4/IgG, would 
effectively improve the specificity and improve 
the relatively low specificity in diagnosis com-
pared with using the single IgG4 level. Due to 
defects of experimental design, we did not ana-
lyze IgG4/IgG and will make corrections in 
future research. We further analyzed the appli-
cation value of IgG4 in the diagnosis of pSS 
and sSS and the results demonstrated that the 
optimal diagnostic level of IgG4 was 0.629 g/L 
and, at this time, the sensitivity was 71.7%, the 
specificity was only 59.1%. Therefore, the value 
of the differential diagnosis of pSS and sSS still 
needs to be further explored despite its area 
under curve of ROC was greater than 0.7.

We also analyzed the value of IgG4 in the dif-
ferential diagnosis of SS and CTD, but the 
results were still not satisfactory and the area 
under curve of the ROC was only 0.675. 

Therefore, the diagnosis of SS by application  
of IgG4 still needs more diagnostic indices 
included for combination diagnosis. The results 
of the basic data analysis found that there  
was a difference in age among the three groups 
and we speculated that with increasing age,  
the immune function gradually declines and  
the degree of imbalance also increases, which 
causes the exposure of related epitopes and 
leads to autoimmune diseases. This study only 
included two kinds of CTDs, including SLE and 
RA as well as pSS; other CTDs and pSS cases 
were excluded due to too few patients. There- 
fore, the results of this study were also satisfac-
tory and we hope to enlarge the number of 
cases in future studies as a supplement to the 
study results. 

To sum up, IgG4 has a significant application 
value in SS diagnosis and is applicable as a 
supplement to routine diagnosis of SS patients 
with increased sensitivity.
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