
IMMUNOLOGY, AUTOIMMUNITY, AND GRAVES’ OPHTHALMOPATHY

Clinical Implications of Immunoglobulin
G4 to Graves’ Ophthalmopathy

Sung Hoon Yu,1 Jun Goo Kang,2 Chul Sik Kim,2 Sung-Hee Ihm,2

Moon Gi Choi,2 Hyung Joon Yoo,2 and Seong Jin Lee2

Background: This study aimed to explore the relation of immunoglobulin G4 (IgG4) to clinical and laboratory
characteristics of patients newly diagnosed with Graves’ disease (GD) without or with Graves’ ophthalmopathy
(GO) and to analyze association of IgG4 with development and grade of GO in GD patients.
Methods: Sixty-four GD patients and 64 sex- and age-matched euthyroid subjects were enrolled. Serum levels
of thyroid hormones, thyroid autoantibodies, immunoglobulin G (IgG), and IgG4 were measured, and oph-
thalmological and ultrasonographical evaluation was performed.
Results: In GD patients compared with euthyroid subjects, levels of thyroid hormones, thyroid autoantibodies
and IgG4 as well as the IgG4/IgG ratio were elevated. GD patients having GO in comparison to not having GO
were characterized by a female predominance; a high incidence of smoking history; high levels of T3, free T4,
TSH receptor autoantibody (TRAb) and IgG4; and a high IgG4/IgG ratio after adjusting for sex. In GD patients,
the IgG4 level was the independent factor associated with GO development on multivariate analysis. When
severity and activity of GO were classified using the European Group on Graves’ Orbitopathy criteria in GD
patients with GO, IgG4 levels and IgG4/IgG ratio were elevated in the moderate-to-severe group compared with
the mild group and in the active group compared with the inactive group. IgG4 levels and IgG4/IgG ratio became
elevated as clinical activity score increased. IgG4 levels were positively correlated with TRAb levels. The high
IgG4 group in comparison to the normal IgG4 group had a high incidence of family history of autoimmune
thyroid disease, high levels of free T4, TRAb and IgG4, a high IgG4/IgG ratio and extensive hypoechogenicity.
Conclusions: These results suggest that IgG4 levels are elevated in newly diagnosed GD patients compared with
euthyroid subjects and in the presence of GO compared with the absence of GO. Moreover, our findings suggest
that IgG4 levels are associated with the development and grade of GO in GD patients.

Keywords: Graves’ disease, Graves’ ophthalmopathy, immunoglobulin G4, thyroid autoantibody, clinical
activity score

Introduction

Graves’ disease (GD), an autoimmune disorder in-
volving the thyroid gland, causes hyperthyroidism via

increased stimulation of thyrotropin (TSH) receptor by en-
dogenous thyrotropin receptor autoantibodies (TRAb) (1).
Clinical manifestations of GD depend on age at onset, disease
duration and severity of hyperthyroidism (2).

Graves’ ophthalmopathy (GO) is a common extrathyroidal
manifestation of GD affecting 25–50% of GD patients to
various extents (3–5). In the pathogenesis of GO, orbital

adipocytes and fibroblasts release proinflammatory cytokines
augmenting TRAb production by orbital plasma cells (6,7).
As a result, TRAb activate TSH receptors expressed in orbital
tissues, and GO develops (6,7).

Immunoglobulin G4 (IgG4)–related disease (IgG4-RD) is
defined by elevated IgG4 levels, and at the level of the thyroid
it shows pathological features such as dense lympho-
plasmacytic infiltration in a storiform pattern, increased
numbers of IgG4-positive plasma cells, mild-to-moderate
eosinophilic infiltration, obliterative phlebitis, and fibrosis
(8,9). Since sclerosing pancreatitis was reported to be an
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IgG4-RD, Mikulicz’s syndrome, periaortitis, peirarteritis,
retroperitoneal fibrosis, sclerosing cholangitis, and tubu-
lointersitial nephritis have also been revealed to be IgG4-RD
(8–10). With respect to IgG4-RD of the thyroid gland, it was
shown that IgG4-RD patients with hypothyroidism had an
enlarged thyroid volume, and elevated levels of thyroglobu-
lin autoantibodies (TgAb) and thyroid peroxidase auto-
antibodies (TPOAb) (11). Moreover, it has been proposed
that some groups of autoimmune thyroid diseases (AITD)
including Hashimoto’s thyroiditis and Riedel’s thyroiditis are
IgG4-RD (12–18). It has been reported that Hashimoto’s
thyroiditis can be divided into two distinct subtypes as IgG4
thyroiditis and non-IgG4 thyroiditis based on histopatho-
logical findings: IgG4 thyroiditis correlated with male sex,
high levels of thyroid autoantibodies, low echogenicity, and
rapid progression to hypothyroidism (12,13).

In terms of the relationship between GD and IgG4-RD, it
was shown that GD patients with high IgG4 levels presented
clinical and ultrasonographical features associated with old
age, increases in hypoechoic areas, and good response to
antithyroid drugs, and IgG4 levels were high in GD patients
having GO in comparison with not having GO (19–21).
Furthermore, GD patients who underwent thyroidectomy
were reported to display marked stromal fibrosis with diffuse
lymphoplasmacytic infiltration in the thyroid gland (22).
Although the link between IgG4-RD and both GD-dependent
and GD-independent ophthalmopathy has been assumed (23–
26), the clinical significance of IgG4 in GD patients without
or with GO has not yet been fully investigated.

In the present study, we evaluated the relevance of IgG4 to
clinical and laboratory characteristics of newly diagnosed GD
patients without or with GO and examined possible associations
of IgG4 with development and grade of GO in GD patients.

Subjects and Methods

Subjects

This case-control study was performed on subjects who
visited or were referred to the Endocrinology and Metabolism
Outpatient Clinic of the Hallym University Sacred Heart
Hospital, Republic of Korea, from January 2013 to August
2015. The control group was composed of sex- and age-
matched euthyroid subjects who did not have any thyroid
disease history. Patients were enrolled at the initial diagnosis
of GD, and thus none of the patients underwent antithyroid
drug or radioactive iodine therapy or surgery at the time of
enrollment. The diagnosis of GD was based on the presence of
hyperthyroidism, positive TRAb and increased 131I uptake
without hot nodule in the thyroid gland. GD patients were
divided into two groups depending on the presence of GO on
the basis of NOSPECS (no signs or symptoms, only signs, soft
tissue, proptosis, extraocular muscle, cornea, sight loss) and
clinical activity score (CAS). GD patients with no signs or
symptoms (NOSPECS grade 0) were assessed as no GO. Eu-
thyroid subjects and GD patients were analyzed for sex, age,
familial history of AITD, and smoking history. Also, serum
levels of thyroid hormones, thyroid autoantibodies, IgG, and
IgG4 were measured, and ophthalmological and ultra-
sonographical evaluation was performed. Exclusion criteria of
the study were as follows: (i) liver and/or kidney dysfunction,
(ii) steroid or immunosuppressive agent use within the last six
months, (iii) pregnancy, (iv) active infection, (v) history of

allergy, (vi) history of malignancy, (vii) patients with any kind
of immunodeficiency disorder, and (viii) evidence of any un-
resolved medical problem that can affect IgG4 levels like fever
of unknown origin or weight loss. The study protocol was
approved by the Hallym University Sacred Heart Hospital
Institutional Review Board and Ethics Committee.

Measurement of serum thyroid hormones and thyroid
autoantibodies

Serum levels of triiodothyronine (T3), free thyroxine (T4),
TSH, TRAb, TgAb, and TPOAb were measured by an elec-
trochemiluminescent immunoassay (Roche, Rotkreuz, Swit-
zerland). Reference ranges were defined as follows: T3,
80–200 ng/dL; free T4, 0.9–1.7 ng/dL; TSH, 0.27–5.0 mIU/L;
TRAb, <1.75 IU/L; TgAb, <115 IU/mL; TPOAb, <34 IU/mL.

Measurement of serum IgG and IgG4

Serum levels of immunoglobulin G (IgG) and IgG4 were
measured by a turbidimetric assay (Toshiba, Tochigi-ken,
Japan). Reference ranges for IgG and IgG4 were defined as
680–1620 mg/dL and 3.9–86.4 mg/dL, respectively.

Ophthalmological evaluation

The severity of GO was rated as mild, moderate-to-severe
and sight-threatening using the European Group on Graves’
Orbitopathy (EUGOGO) criteria (4,27). Independently of se-
verity, activity of GO was assessed by the sum of CAS based
on seven items (spontaneous retrobulbar pain, pain on at-
tempted upward or downward gaze, redness of eyelids, redness
of conjunctiva, swelling of caruncle or plica, swelling of
eyelids, and swelling of the conjunctivae) (4,27). When CAS
was three or more, GO was considered to be active (4,27).

Ultrasonographical evaluation

Ultrasonographical analysis was performed with a 10 MHz
linear transducer (Phillips Healthcare, Amsterdam, The
Netherlands) in mode of conventional gray scale and color
Doppler. Hypoechogenicity was graded as follows: 0, absent;
1, mild when compared with the normal thyroid parenchyma
assessed in the same conditions; 2, well recognizable when
compared with the normal thyroid parenchyma assessed in
the same conditions; 3, comparable with echostructure of the
neck strap muscle (Supplementary Fig. S1; Supplementary
Data are available online at www.liebertpub.com/thy). In-
crease of color Doppler flow (CDF) was assessed as previ-
ously described (19): 0, none; 1, mild; 2, moderate; 3, severe.
The volume of each thyroid lobe was calculated by using the
ellipsoid formula: volume (mL) = depth (cm) · width (cm) ·
length (cm) x p/6. The total thyroid volume was described as
sum of left and right thyroid lobe volumes.

Statistical analysis

All data are expressed as mean – standard deviation.
Fisher’s exact test or chi-squared test were used to compare
data in the two-dimensional contingency tables for sex, age,
family history of AITD, and smoking history in two or three
individual groups, respectively. Mann-Whitney U-test or
Kruskal-Wallis test were used to compare data in two or three
individual groups, respectively. Two-tailed Spearman’s rank
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correlation analysis was used to evaluate correlation between
two variables. Multivariate logistic regression analysis was used
to estimate the influence of variables on GO development in GD
patients. Sample size for Mann-Whitney test was determined
using power analysis. The power analysis was conducted in G-
POWER program version 3.1 using an alpha of 0.05, a power of
0.80 and a medium effect size of 0.5 for a two-tailed test. Based
on the aforementioned assumptions, the required sample size

was 67. A p-value less than 0.05 was considered to be statisti-
cally significant. All analyses were performed using SPSS
program version 24.0 (SPSS, Chicago, IL).

Results

Baseline characteristics of control subjects
and GD patients

We enrolled 64 treatment-naive GD patients to the GD
group and 64 sex- and age-matched euthyroid subjects to the
control group. The baseline characteristics of the two groups
are summarized in Table 1.

In the GD group compared with the control group, family
history of AITD and smoking history did not differ, while
levels of T3, free T4, TRAb, TgAb, and TPOAb were ele-
vated, and TSH levels were reduced. No difference in IgG
levels between the two groups was found. IgG4 levels were
normal in all subjects of the control group, whereas these
were elevated in 6 of 64 patients (9.4%) of the GD
group. Moreover, IgG4 levels (control vs. GD, 25.2 – 12.4 vs.
42.0 – 25.9 mg/dL, p < 0.001) and IgG4/IgG ratio (control vs.
GD, 2.2 – 1.0 vs. 3.3 – 1.9%, p < 0.001) were elevated in the
GD group in comparison to the control group. No euthyroid
subject or GD patient had any other IgG4-RD.

On ultrasonographical examination, the thyroid gland was
enlarged, and prominent hypoechogenicity and CDF were
evident in the GD group compared with the control group.

Comparison of clinical and laboratory parameters
between GD patients without and with GO

GD patients were divided into two groups based on the
presence (GO+) or absence (GO-) of GO (Table 2). Twenty-
two GD patients (34.4%) were diagnosed with GO on the
basis of NOSPECS and CAS. Among GD patients with ele-
vated IgG4 levels, 6 patients had GO. The GO+ group ex-
hibited female predominance and high smoking history in

Table 1. Baseline Characteristics of Control

Subjects and Graves’ Disease Patients

Controla

(n = 64)
GDa

(n = 64) p-Value

Sex (M/F) 18/46 18/46 –
Age (years) 37.2 – 14.9 37.2 – 14.9 –
Family history

of AITD [n (%)]
15 (23.4) 17 (26.6) 0.839

Smoking
history [n (%)]

14 (21.9) 12 (18.8) 0.826

IgG (mg/dL) 1170.8 – 168.6 1299.7 – 320.6 0.102
IgG4 (mg/dL) 25.2 – 12.4 42.0 – 25.9 <0.001*
IgG4/IgG (%) 2.2 – 1.0 3.3 – 1.9 <0.001*
T3 (ng/dL) 104.2 – 18.3 288.3 – 140.5 <0.001*
Free T4 (ng/dL) 1.19 – 0.17 3.37 – 1.89 <0.001*
TSH (mIU/L) 2.188 – 1.129 0.002 – 0.007 <0.001*
TRAb (IU/L) 0.26 – 0.32 13.03 – 13.09 <0.001*
TgAb (IU/mL) 71.4 – 115.1 663.8 – 1114.6 <0.001*
TPOAb (IU/mL) 26.8 – 54.0 245.0 – 232.4 <0.001*
Thyroid

volume (mL)
12.5 – 1.1 33.5 – 6.6 <0.001*

Hypoechogenicity 0.11 – 0.32 1.25 – 0.47 <0.001*
Color Doppler flow 0.09 – 0.25 1.00 – 0.69 <0.001*

aData are presented as mean – SD unless otherwise indicated.
*p < 0.05.
AITD, autoimmune thyroid disease; GD, Graves’ disease; IgG,

immunoglobulin G; IgG4, immunoglobulin G4; T3, triiodothyronine;
T4, thyroxine; TgAb, thyroglobulin autoantibody; TPOAb, thyroid
peroxidase autoantibody; TRAb, thyrotropin receptor autoantibody;
TSH, thyrotropin.

Table 2. Comparison of Clinical and Laboratory Parameters Between Graves’ Disease Patients

Without and With Graves’ Ophthalmopathy

GD without GOa (n = 42) GD with GOa (n = 22) p-Value Adjusted p-value

Sex (M/F) 16/26 2/20 0.019* –
Age (years) 39.3 – 14.2 33.2 – 15.7 0.060 0.391
Family history of AITD [n (%)] 11 (26.2) 6 (27.3) 1.000 0.393
Smoking history [n (%)] 4 (9.5) 8 (36.4) 0.016* <0.001*
IgG (mg/dL) 1194.5 – 175.1 1500.5 – 429.2 0.022* 0.059
IgG4 (mg/dL) 28.9 – 13.7 66.9 – 25.4 <0.001* <0.001*
IgG4/IgG (%) 2.5 – 1.3 4.7 – 1.9 <0.001* <0.001*
T3 (ng/dL) 246.5 – 99.9 368.1 – 171.9 0.002* 0.018*
Free T4 (ng/dL) 2.84 – 1.33 4.40 – 2.35 0.010* 0.025*
TSH (mIU/L) 0.003 – 0.009 0.001 – 0.003 0.522 0.258
TRAb (IU/L) 7.98 – 9.06 22.68 – 14.31 <0.001* <0.001*
TgAb (IU/mL) 302.3 – 304.3 1353.9 – 1669.0 0.005* 0.067
TPOAb (IU/mL) 229.9 – 237.4 273.8 – 225.2 0.589 0.914
Thyroid volume (mL) 33.2 – 5.9 34.3 – 7.7 0.453 0.223
Hypoechogenicity 1.17 – 0.38 1.41 – 0.59 0.069 0.033*
Color Doppler flow 0.98 – 0.60 1.05 – 0.84 0.855 0.200

aData are presented as mean – SD unless otherwise indicated.
*p < 0.05.
GO, Graves’ ophthalmopathy.
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comparison to the GO- group. In contrast, age and family
history of AITD between the two groups were not different.

In the GO+ group compared with the GO- group, levels of
IgG (GO- vs. GO+, 1194.5– 175.1 vs. 1500.5– 429.2 mg/dL,
p = 0.022) and IgG4 (GO- vs. GO+, 28.9– 13.7 vs. 66.9–
25.4 mg/dL, p < 0.001; Fig. 1), and IgG4/IgG ratio (GO- vs.
GO+, 2.5– 1.3 vs. 4.7– 1.9%, p < 0.001) increased. Levels of T3,
free T4, TRAb, and TgAb of the GO+ group were higher than
those in the GO- group. The groups did not differ in levels of
TSH and TPOAb, thyroid volume, hypoechogenicity, and CDF.

As females were more prevalent in the GO+ group than in
the GO- group, the data were stratified by sex, and association
between the dichotomized variables and the presence of GO
was estimated in a general linear model using the Cochran-
Mantel-Haenszel test. The statistical significance (adjusted
p-value) of differences in variables, except levels of IgG and
TgAb, and hypoechogenicity, remained after adjusting for sex.

Factors associated with GO development
in GD patients

To identify factors associated with GO development in GD
patients, we performed a multivariate analysis using only

those factors that were significant on univariate analysis
(Table 3). On univariate analysis, female sex ( p = 0.019),
smoking history ( p = 0.016), and levels of IgG ( p = 0.012),
IgG4 ( p < 0.001), T3 ( p = 0.007), free T4 ( p = 0.012), TRAb
( p < 0.001) and TgAb ( p = 0.016) were significantly associ-
ated with GO development in GD patients. After adjusting for
other significant factors in multivariate analysis, the IgG4
level was the independent factor associated with GO devel-
opment in GD patients, with p = 0.046, odds ratio (OR) =
1.351 [95% confidence interval = 1.006–1.815].

Analysis of GD patients with GO according to clinical
assessment of GO

In GD patients with GO, severity of GO was assessed in 14
patients as mild severity and in 8 patients as moderate-to-
severe severity (Table 4). No patient had sight-threatening
severity. Sex, age, family history of AITD, and smoking
history of two groups were not different. IgG levels in the
moderate-to-severe group did not differ from those in the
mild group. By contrast, IgG4 levels (mild vs. moderate-to-
severe, 52.8 – 17.0 vs. 91.4 – 17.6 mg/dL, p = 0.001; Fig. 2)
and IgG4/IgG ratio (mild vs. moderate-to-severe, 3.8 – 1.5 vs.
6.2 – 1.6%, p = 0.006) were elevated in the moderate-to-
severe group in comparison with the mild group. While levels
of TSH, TRAb, TgAb and TPOAb, thyroid volume and CDF
did not differ in the two groups, levels of T3 and free T4, and
hypoechogenicity in the moderate-to-severe group were
higher than those in the mild group.

GD patients with GO were classified into inactive (n = 16)
and active (n = 6) ophthalmopathy groups (Table 5). Sex, age,
family history of AITD, and smoking history were not different
between the two groups. IgG levels between the two groups did
not differ, whereas IgG4 levels (inactive vs. active, 56.8 – 19.3
vs. 93.9 – 19.9 mg/dL, p = 0.004; Fig. 3) and IgG4/IgG ratio
(inactive vs. active, 4.2 – 1.9 vs. 6.0 – 1.5%, p = 0.033) were
elevated in the active group compared with the inactive
group. There was no difference in levels of TSH, TgAb and
TPOAb, thyroid volume, hypoechogenicity, and CDF between
the two groups. In contrast, levels of T3, free T4, and TRAb of
the active group were higher than those of the inactive group.

When GD patients with GO were divided by individual
CAS status, 10 (45.4%), 6 (27.3%), and 6 (27.3%) patients

FIG. 1. Comparison of immunoglobulin 4 (IgG4) levels of
Graves’ disease patients without and with Graves’ oph-
thalmopathy (GO).

Table 3. Univariate and Multivariate Analyses for Graves’ Ophthalmopathy in Graves’ Disease Patients

Univariate Multivariate
Variable OR CI p-Value OR CI p-Value

Female sex 6.154 1.266–29.917 0.019 – – 0.997
Age (years) 0.413 0.135–1.260 0.115
Family history of AITD 1.057 0.330–3.383 0.926
Smoking history 5.429 1.411–20.890 0.016 – – 0.998
IgG 3.904 1.316–11.581 0.012 1.006 0.999–1.014 0.102
IgG4 25.000 5.046–123.863 <0.001 1.351 1.006–1.815 0.046
T3 4.375 1.461–13.100 0.007 1.029 0.993–1.067 0.120
Free T4 3.904 1.316–11.581 0.012 0.722 0.200–2.615 0.620
TSH 0.600 0.111–3.255 0.704
TRAb 11.333 3.366–38.154 <0.001 1.225 0.950–1.580 0.118
TgAb 5.429 1.411–20.890 0.016 0.998 0.994–1.002 0.392
TPOAb 1.225 0.433–3.471 0.702

Statistically significant values are in bold.
CI, 95% confidence interval; OR, odds ratio.
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were allocated to the CAS1, CAS2, and CAS3 groups, re-
spectively (Table 5). Although sex, age, and smoking history
were not different among the three groups, family history of
AITD was higher in the CAS2 and CAS3 groups than in the
CAS1 group. IgG levels tended to be elevated as a function of
advancement in CAS. In addition, IgG4 levels (CAS1 vs.
CAS2 vs. CAS3, 46.5– 15.9 vs. 74.1 – 9.4 vs. 93.9 – 19.9 mg/dL,
p = 0.001) and IgG4/IgG ratio (CAS1 vs. CAS2 vs. CAS3,
3.6 – 1.6 vs. 5.3 – 2.0 vs. 6.0 – 1.5%, p = 0.033) were elevated
in ascending order of CAS. A higher CAS was related to
higher levels of T3 and free T4, but not of TSH. Furthermore,
TRAb levels were the highest in the CAS3 group, and TgAb
levels were the highest in the CAS2 group. The three groups
did not differ regarding TPOAb levels, thyroid volume, hy-
poechogenicity and CDF.

Analysis of GD patients with GO according
to IgG4 levels

GD patients with GO were classified into two groups: those
with normal and those with high IgG4 levels (Table 6). In the
latter group in comparison to the former group, family history
of AITD increased, while no difference in sex, age, and
smoking history was observed between the two groups. In
terms of the laboratory parameters, levels of IgG4 (normal
IgG4 vs. high IgG4, 54.9 – 17.5 vs. 98.9 – 9.8 mg/dL,
p < 0.001), free T4 and TRAb, IgG4/IgG ratio (normal IgG4
vs. high IgG4, 4.2 – 1.9 vs. 6.1 – 1.3%, p = 0.021) and hy-
poechogenicity increased in the high IgG4 group compared
with the normal IgG4 group. However, levels of IgG, T3,
TSH, TgAb and TPOAb, thyroid volume, and CDF were not
different between the two groups.

Correlation of IgG4 levels with clinical and laboratory
parameters in GD patients with GO

In GD patients with GO, correlation of IgG4 levels with
clinical and laboratory variables was investigated (Table 7).
IgG4 levels were positively correlated with TRAb levels
(r = 0.462, p = 0.031), but not with age and levels of IgG,
thyroid hormones, TgAb, and TPOAb.

Discussion

In the present study, our results demonstrate that IgG4
levels and IgG4/IgG ratio increase in GD patients compared
with euthyroid subjects and in GD patients having GO in
comparison with not having GO. Furthermore, these findings
indicate for the first time that IgG4 levels are associated with
the development and grade of GO in GD patients.

In terms of the clinical relationship between IgG4-RD and
AITD, IgG4 levels are elevated in patients with the fibrous
variant of Hashimoto’s thyroiditis and with Riedel’s thy-
roiditis (12–18). The pathophysiological relevance of IgG4-
RD to thyroid disorders is illustrated by the observation that
IgG4 levels fall after thyroidectomy in patients with IgG4
subtype Hashimoto’s thyroiditis producing IgG4 in response
to antigen(s) derived from the thyroid gland (28). In GD, it
was shown that patients have high IgG4 levels and large
thyroid volumes compared with control subjects (21). In the
present study, GD patients exhibited a pathognomonic ele-
vation of levels of thyroid hormones and thyroid auto-
antibodies in comparison to euthyroid controls. All euthyroid
subjects had normal IgG4 levels, whereas 9.4% of GD pa-
tients had high IgG4 levels. Compared with euthyroid sub-
jects, GD patients displayed thyroid enlargement, prominent
hypoechogenicity, and profound vascularity. Collectively,
our results suggest that IgG4 may play a crucial role in the
development of GD similar to its role in IgG4 thyroiditis.
However, we have no histopathological data on GD patients,
and the possible relationship between GD and IgG4-RD
should be further studied.

In view of cut-off IgG4 levels, earlier studies used different
values to distinguish high IgG4 (or elevated IgG4) groups
from normal IgG4 (or nonelevated IgG4) groups in control
subjects and GD patients (19–21). Takeshima et al. used a
nephelometric immunoassay to measure IgG4 levels with
reference values of 4*108 mg/dL (19). In their study, instead
of analyzing a control group, virtual control subjects were

Table 4. Analysis of Graves’ Disease Patients

According to Severity of Graves’ Ophthalmopathy

Milda

(n = 14)

Moderate-
to-severea

(n = 8) p-Value

Sex (M/F) 0/14 2/6 0.121
Age (years) 35.4 – 18.2 29.3 – 10.2 0.537
Family history

of AITD
[n (%)]

2 (14.3) 4 (50.0) 0.137

Smoking
history [n (%)]

4 (28.6) 4 (50.0) 0.386

IgG (mg/dL) 1483.6 – 502.1 1530.3 – 287.7 0.891
IgG4 (mg/dL) 52.8 – 17.0 91.4 – 17.6 0.001*
IgG4/IgG (%) 3.8 – 1.5 6.2 – 1.6 0.006*
T3 (ng/dL) 292.5 – 134.2 500.4 – 154.2 0.013*
Free T4 (ng/dL) 3.24 – 1.90 6.43 – 1.59 0.003*
TSH (mIU/L) 0.001 – 0.004 0.0 – 0.0 0.273
TRAb (IU/L) 19.14 – 13.83 28.88 – 13.79 0.132
TgAb (IU/mL) 1076.3 – 1595.1 1839.8 – 1790.9 0.053
TPOAb (IU/mL) 282.2 – 227.9 259.0 – 235.3 0.891
Thyroid

volume (mL)
35.1 – 5.8 32.8 – 10.6 0.375

Hypoechogenicity 1.14 – 0.36 1.88 – 0.64 0.005*
Color Doppler flow 1.21 – 0.70 0.75 – 1.04 0.117

aData are presented as mean – SD unless otherwise indicated.
*p < 0.05.

FIG. 2. Comparison of IgG4 levels according to severity
of GO in Graves’ disease patients.
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supposed to have an IgG4 level of 43 mg/dL, which was the
mean estimate based on the data (n = 21) reported by Ya-
mamoto et al. (29). They classified GD patients with an IgG4
level above 135 mg/dL, and fulfilling comprehensive diag-
nostic criteria for IgG4-RD (30), into an elevated IgG4
group. Bozkirli et al. measured IgG4 levels nephelometri-
cally but did not give a reference value (20). The control
group had a mean IgG4 level of 28 mg/dL. They also used an
IgG4 level of 135 mg/dL as the cutoff point for defining an
elevated IgG4 group among GD patients. Martin et al.
measured IgG4 levels via an enzyme immunoassay with
reference values of 3.1*328.9 mg/dL (21). There was no real
control group, and a mean IgG4 level provided by the man-
ufacturer was 107.4 mg/dL (n = 20). They divided GD pa-
tients into two groups by quartile exploration of the 75th
(237.52 mg/dL) and the 90th (286.28 mg/dL) percentiles. In

the present study, we measured IgG4 levels using a turbidimet-
ric assay, and employed reference values of 3.9–86.4 mg/dL.
GD patients with GO having IgG4 levels higher than the upper
limit (16/22) were assigned to the high IgG4 group, which
placed them above the 73rd percentile.

Although it has been proposed that various genetic and
environmental factors including female sex, smoking, stress,
and TRAb are risk factors for GO development in GD

Table 5. Analysis of Graves’ Disease Patients According to Activity of Graves’ Ophthalmopathy

Inactivea Activea
p-Value

Clinical activity score 1 (n = 10) 2 (n = 6) Total (n = 16) 3 (n = 6)
Inactive

vs. Active
1 vs.

2 vs. 3

Sex (M/F) 0/10 0/6 0/16 2/4 0.065 0.053
Age (years) 40.4 – 19.2 21.3 – 5.2 33.3 – 18.0 33.0 – 8.6 0.505 0.070
Family history

of AITD [n (%)]
0 (0.0) 3 (50.0) 3 (18.8) 3 (50.0) 0.283 0.032*

Smoking history [n (%)] 4 (40.0) 0 (0.0) 4 (25.0) 4 (66.7) 0.137 0.053
IgG (mg/dL) 1432.2 – 517.8 1544.7 – 476.1 1474.4 – 489.5 1570.3 – 216.0 0.657 0.856
IgG4 (mg/dL) 46.5 – 15.9 74.1 – 9.4 56.8 – 19.3 93.9 – 19.9 0.004* 0.001*
IgG4/IgG (%) 3.6 – 1.6 5.3 – 2.0 4.2 – 1.9 6.0 – 1.5 0.033* 0.033*
T3 (ng/dL) 278.6 – 158.8 385.8 – 127.3 318.8 – 153.0 499.6 – 159.3 0.048* 0.045*
Free T4 (ng/dL) 2.69 – 1.98 4.99 – 1.48 3.55 – 2.10 6.67 – 1.25 0.009* 0.003*
TSH (mIU/L) 0.0 – 0.0 0.003 – 0.005 0.001 – 0.003 0.0 – 0.0 0.375 0.061
TRAb (IU/L) 14.32 – 12.86 24.28 – 13.34 18.06 – 13.54 35.02 – 7.64 0.012* 0.022*
TgAb (IU/mL) 260.1 – 211.0 3411.2 – 1442.3 1441.7 – 1789.6 1119.8 – 1414.8 0.370 0.001*
TPOAb (IU/mL) 278.6 – 258.3 275.6 – 125.1 277.5 – 212.7 263.8 – 277.8 0.882 0.984
Thyroid volume (mL) 35.0 – 6.4 35.5 – 7.5 35.2 – 6.6 31.9 – 10.6 0.269 0.533
Hypoechogenicity 1.20 – 0.42 1.33 – 0.52 1.25 – 0.45 1.83 – 0.75 0.055 0.139
Color Doppler flow 1.10 – 0.74 1.17 – 0.75 1.13 – 0.72 0.83 – 1.17 0.288 0.560

aData are presented as mean – SD.
*p < 0.05.

FIG. 3. Comparison of IgG4 levels according to activity
of GO in Graves’ disease patients.

Table 6. Analysis of Graves’ Disease Patients

with Graves’ Ophthalmopathy According

to Immunoglobulin G4 Levels

Normal
IgG4a

(n = 16)

High
IgG4a

(n = 6) p-Value

Sex (M/F) 0/16 2/4 0.065
Age (years) 33.5 – 17.8 32.3 – 9.5 0.802
Family history

of AITD [n (%)]
2 (12.5) 4 (66.7) 0.025*

Smoking history
[n (%)]

4 (25.0) 4 (66.7) 0.137

IgG (mg/dL) 1446.9 – 482.2 1643.7 – 205.6 0.407
IgG4 (mg/dL) 54.9 – 17.5 98.9 – 9.8 <0.001*
IgG4/IgG (%) 4.2 – 1.9 6.1 – 1.3 0.021*
T3 (ng/dL) 319.3 – 154.1 498.3 – 157.9 0.083
Free T4 (ng/dL) 3.55 – 2.10 6.67 – 1.25 0.006*
TSH (mIU/L) 0.001 – 0.003 0.0 – 0.0 0.693
TRAb (IU/L) 18.14 – 13.55 34.78 – 8.20 0.013*
TgAb (IU/mL) 1220.9 – 1666.6 1708.6 – 1777.5 0.154
TPOAb (IU/mL) 267.1 – 217.1 291.5 – 266.6 0.802
Thyroid

volume (mL)
34.5 – 5.9 33.7 – 12.0 0.507

Hypoechogenicity 1.19 – 0.40 2.00 – 0.63 0.013*
Color Doppler flow 1.13 – 0.72 0.83 – 1.17 0.329

aData are presented as mean – SD.
*p < 0.05.
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patients, controversy still remains (5,7). In regard to IgG4
status of GD patients, it has been shown previously that GO is
relevant to increases in IgG4 levels (20), but the question of
whether IgG4 level was a factor associated with GO devel-
opment has not been investigated. In the present study, the
GO+ group in comparison to the GO- group was character-
ized by a female preponderance, a high incidence of smoking
history, and high levels of T3, free T4, TRAb, and TgAb.
However, levels of TSH and TPOAb were similar in two
groups. Intriguingly, the GO+ group had high levels of IgG
and IgG4, and a high IgG4/IgG ratio compared with the GO-
group. As sex distribution between the GO+ and GO- groups
differed, we performed a stratified analysis under adjustment
for sex: the statistical significance of differences in variables,
except levels of IgG and TgAb, and hypoechogenicity, was
not changed. Moreover, since it was possible that high IgG4
levels in the GO+ group were attributable to severe hyper-
thyroidism, we performed a multivariate analysis using those
factors that were significant on univariate analysis to identify
factors associated with GO development. On univariate
analysis, female sex, smoking history, and levels of IgG,
IgG4, T3, free T4, TRAb, and TgAb were significantly as-
sociated with GO development. However, after adjusting for
other significant factors on multivariate analysis, IgG4 level
was the independent factor associated with GO development.
In summary, our results suggest that IgG4 level may be as-
sociated with GO development, and high IgG4 levels may aid
to select patients at risk for developing GO. Further pro-
spective studies are required to elucidate whether IgG4 levels
reliably predicts GO development and to evaluate the IgG4
threshold for detection of patients at high risk of GO.

With respect to the relation of IgG4 levels to GO grade, a
previous study reported that IgG4 levels in CAS2 patients
were higher than those in CAS3 patients, suggesting that
IgG4 levels are not relevant to CAS status (20). However, no
relationship between IgG4 levels and severity and activity of
GO has yet been determined. In the present study, we clas-
sified severity and activity of GO using the EUGOGO cri-
teria, and analyzed clinical and laboratory parameters. As for
GO severity, IgG4 levels and IgG4/IgG ratio, but not IgG
levels, were elevated in the moderate-to-severe group com-
pared with the mild group. In addition, levels of T3 and free
T4, but not of TSH and thyroid autoantibodies, were higher in

the moderate-to-severe group than in the mild group. As for
GO activity, levels of IgG4, T3, free T4 and TRAb, and IgG4/
IgG ratio were elevated in the active group in comparison to
the inactive group. Our analysis of clinical and laboratory
parameters by individual CAS status showed that a higher
CAS score was associated with higher IgG4 levels and a
higher IgG4/IgG ratio. When CAS status became elevated,
family history of AITD became more prevalent, and levels of
T3 and free T4 rose. TRAb levels were the highest in the
CAS3 group, while TgAb levels were the highest in the CAS2
group. In contrast, TPOAb levels were not different among
the CAS groups. Taken together, our results suggest that
IgG4 levels may be associated with severity and activity of
GO. Furthermore, these findings suggest that measurement of
IgG4 levels may be helpful to manage GO because classifi-
cation of GO facilitates selection of the most appropriate
treatment. Intriguingly, our results differ from the data of the
previous study, in that our findings suggest an association of
IgG4 levels with individual CAS status (20). This may be
explained by the fact that our patients were treatment-naive,
whereas some patients in the previous study had undergone
thyroidectomy and were receiving levothyroxine replace-
ment therapy.

In GD, it was reported that IgG4 levels increased in a
proportion of patients, and patients with high IgG4 levels
were characterized by old age, extensive hypoechoic areas,
and excellent responsiveness to antithyroid drugs (19).
However, contradictory results in younger GD patients with
high IgG4 levels receiving high doses of antithyroid drugs
have been shown as well (21). In the present study, when GD
patients with GO were divided into two groups by IgG4
levels, the high IgG4 group had a high incidence of family
history of AITD, and high levels of free T4 and TRAb
compared with the normal IgG4 group. Moreover, the per-
centage of male patients in the high IgG4 group was higher
than in the normal IgG4 group (33.3% vs. 0%) although the
difference was not significant. In this context, IgG4-RD es-
pecially involving the pancreas, kidney, and retroperitoneum
is more common in males, which contrasts with other auto-
immune diseases that are more common in females (8). The
high IgG4 group tended to have higher TgAb levels, sug-
gesting that TgAb may be a possible source of IgG4. In terms
of the relationship between IgG4 and TgAb, it was reported
that IgG4 was the dominant TgAb subtype in GD patients,
and GD patients with both GO and TgAb expression pre-
sented a shift toward IgG4 TgAb (31,32). In view of ultra-
sonographical findings, the high IgG4 group in comparison to
the normal IgG4 group showed extensive hypoechogenicity
and relatively small thyroid glands. As lesions infiltrated by
lymphocytes and plasma cells can be hypoechoic (8), it is
likely that dense lymphoplasmacytic infiltration may be as-
sociated with IgG4 release and destructive shrinkage of the
thyroid gland.

In regard to IgG subclasses expressed by GD patients, it
was reported that TRAb are limited to IgG1, and the re-
striction of heterogeneity reflected IgG oligoclonality
(33,34). However, Latrofa et al. later showed that TRAb
synthesis was skewed away from IgG1 toward the other IgG
subclasses, particularly IgG2 and IgG3, diametrically op-
posed to the previous results of IgG1 restriction (35). In ad-
dition, they found that TRAb consisted predominantly of
IgG4 and IgG1 (35). Based on direct analysis of IgG subclass

Table 7. Correlation of Immunoglobulin

G4 Levels with Clinical and Laboratory

Parameters in Graves’ Disease Patients

with Graves’ Ophthalmopathy

IgG4

r p-Value

Age 0.067 0.767
IgG 0.063 0.779
T3 0.185 0.411
Free T4 0.400 0.065
TSH 0.0 1.000
TRAb 0.462 0.031*
TgAb 0.386 0.076
TPOAb -0.040 0.860

*p < 0.05.
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distribution in highly enriched TRAb preparations, they
concluded that TRAb of GD patients was not necessarily
restricted to IgG1 (35). In the present study, in GD patients
with GO, IgG4 levels correlated with TRAb levels, demon-
strating the presence of stimulatory TSH receptor antibodies
in the IgG4 fraction. TRAb levels have been reported to
correlate with CAS and proptosis in GD patients with GO, but
not with disease duration and TPOAb levels (36). Further-
more, serial measurements of TRAb levels were useful to
predict the course of GO in about half of all GD patients (37).
Thus, our results provide additional evidence for the hy-
pothesis that IgG4 alone or in combination with TRAb may
play a pivotal role in development and progression of GO.

In contrast to the previous study conducted by Bozkirli et al.
(20), our study included results for family history of AITD,
smoking history, levels of IgG and thyroid autoantibodies in-
cluding TRAb, IgG4/IgG ratio, and ultrasonographical find-
ings including hypoechogenicity and CDF. Moreover, our
study suggests that IgG4 levels correlate with TRAb levels,
and are relevant to severity and activity of GO. Most impor-
tantly, our study indicates for the first time that IgG4 levels are
an independent factor associated with GO development.

There are several limitations in our study. First, we did not
fully examine alterations in IgG4 levels during and after GD
treatment. Second, we had no histopathological data for IgG4
expression and lymphoplasmacytic infiltration in the thyroid
gland since our patients did not undergo surgery. Third, we
did not measure TSH receptor stimulating immunoglobulin
level because the National Healthcare Insurance System of
Korea does not fund this expensive test. Forth, we included
only patients who visited or were referred to a single uni-
versity hospital, which may have introduced selection bias.

In conclusion, our results suggest that IgG4 levels are el-
evated in newly diagnosed GD patients compared with eu-
thyroid subjects and in the presence of GO compared with the
absence of GO. In addition, these findings suggest that the
IgG4 levels are associated with the development and grade of
GO in GD patients. Further studies should focus on changes
in IgG4 levels during and after treatment to validate the
clinical significance of IgG4 in GD patients with GO.
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Rasmussen ÅK 2016 Quality-of-life impairments persist
six months after treatment of Graves’ hyperthyroidism and
toxic nodular goiter: a prospective cohort study. Thyroid
26:1010–1018.

3. Campi I, Vannucchi G, Salvi M 2016 Management of
Graves’ orbitopathy. Eur J Endocrinol 175:R117–R133.

4. Bartalena L, Baldeschi L, Boboridis K, Eckstein A, Kahaly
GJ, Marcocci C, Perros P, Salvi M, Wiersinga WM 2016
The 2016 European Thyroid Association/European Group
on Graves’ Orbitopathy guidelines for the management of
Graves’ orbitopathy. Eur Thyroid J 5:9–26.

5. Bahn RS 2010 Graves’ ophthalmopathy. N Engl J Med
362:726–738.

6. Prabhakar BS, Bahn RS, Smith TJ 2003 Current perspec-
tive on the pathogenesis of Graves’ disease and ophthal-
mopathy. Endocr Rev 24:802–835.

7. Bahn RS 2015 Current insights into the pathogenesis of
Graves’ ophthalmopathy. Horm Metab Res 47:773–778.

8. Stone JH, Zen Y, Deshpande V 2012 IgG4-related disease.
N Engl J Med 366:539–551.

9. Sato Y, Notohara K, Kojima M, Takata K, Masaki Y, Yoshino
T 2010 IgG4-related disease: historical overview and pathol-
ogy of hematological disorders. Pathol Int 60:247–258.

10. Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Aka-
matsu T, Fukushima M, Nikaido T, Nakayama K, Usuda N,
Kiyosawa K 2001 High serum IgG4 concentrations in patients
with sclerosing pancreatitis. N Engl J Med 344:732–738.

11. Watanabe T, Maruyama M, Ito T, Fujinaga Y, Ozaki Y,
Maruyama M, Kodama R, Muraki T, Hamano H, Arakura
N, Kadoya M, Suzuki S, Komatsu M, Shimojo H, Notohara
K, Uchida M, Kawa S 2013 Clinical features of a new
disease concept, IgG4-related thyroiditis. Scand J Rheu-
matol 42:325–330.

12. Li Y, Zhou G, Ozaki T, Nishihara E, Matsuzuka F, Bai Y, Liu
Z, Taniguchi E, Miyauchi A, Kakudo K 2012 Distinct histo-
pathological features of Hashimoto’s thyroiditis with respect
to IgG4-related disease. Modern Pathol 25:1086–1097.

13. Li Y, Nishihara E, Hirokawa M, Taniguchi E, Miyauchi A,
Kakudo K 2010 Distinct clinical, serological, and sono-
graphic characteristics of Hashimoto’s thyroiditis based
with and without IgG4-positive plasma cells. J Clin En-
docrinol Metab 95:1309–1317.

14. Hennessey JV 2011 Clinical review: Riedel’s thyroiditis: a
clinical review. J Clin Endocrinol Metab 96:3031–3041.

15. Dahlgren M, Khosroshahi A, Nielsen GP, Deshpande V,
Stone JH 2010 Riedel’s thyroiditis and multifocal fibro-
sclerosis are part of the IgG4-related systemic disease
spectrum. Arthrit Care Res 62:1312–1318.

16. Kottahachchi D, Topliss DJ 2016 Immunoglobulin G4-
related thyroid diseases. Eur Thyroid J 5:231–239.

17. Topliss DJ 2016 Clinical update in aspects of the man-
agement of autoimmune thyroid diseases. Endocrinol Me-
tab 31:493–499.

18. Stan MN, Sonawane V, Sebo TJ, Thapa P, Bahn RS 2017
Riedel’s thyroiditis association with IgG4-related disease.
Clin Endocrinol 86:425–430.

19. Takeshima K, Inaba H, Furukawa Y, Nishi M, Yamaoka H,
Miyamoto W, Ota T, Doi A, Kawashima H, Ariyasu H,
Wakasaki H, Furuta H, Nakao T, Sasaki H, Akamizu T
2014 Elevated serum immunoglobulin G4 levels in patients
with Graves’ disease and their clinical implications. Thy-
roid 24:736–743.

1192 YU ET AL.

D
ow

nl
oa

de
d 

by
 H

an
ya

ng
 U

ni
ve

rs
ity

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
5/

11
/2

3.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



20. Bozkirli E, Bakiner OS, Bozkirli EDE, Haydardedeoglu
FE, Sizmaz S, Torun AI, Ertorer ME 2015 Serum immu-
noglobulin G4 levels are elevated in patients with Graves’
ophthalmopathy. Clin Endocrinol 83:962–967.

21. Martin CS, Sirbu AE, Betivoiu MA, Florea S, Barbu CG,
Fica SV 2017 Serum immunoglobulin G4 levels and
Graves’ disease phenotype. Endocrine 55:478–484.

22. Nishihara E, Hirokawa M, Ito M, Fukata S, Nakamura H,
Amino N, Miyauchi A 2015 Graves’ disease patients with
persistent hyperthyroidism and diffuse lymphoplasmacytic
infiltration in the thyroid show no histopathological com-
patibility with IgG4-related disease. PLoS One 10:e0134143.

23. Tiegs-Heiden CA, Eckel LJ, Hunt CH, Diehn FE, Schwartz
KM, Kallmes DF, Salomão DR, Witzig TE, Garrity JA 2014
Immunoglobulin G4-related disease of the orbit: imaging
features in 27 patients. Am J Neuroradiol 35:1393–1397.

24. Castillo F, Garrity JA, Kravitz DJ 2013 Intractable graves
ophthalmopathy? JAMA Ophthalmol 131:269–270.

25. Fonte R, Pirali B, Caramia V, Dionisio R, Lodigiani S,
Sibilla L, Rotondi M, Chiovato L 2011 Graves’-like orbi-
topathy in a patient with chronic autoimmune pancreatitis.
Thyroid 21:1389–1392.

26. Kubota T, Motitani S, Terasaki H 2011 Ocular adnexal
IgG4-related lymphoplasmacytic infiltrative disorder and
Graves ophthalmopathy. Arch Ophthalmol 129:818–819.

27. Bartalena L, Baldeschi L, Dickinson AJ, Eckstein A,
Kendall-Taylor P, Marcocci C, Mourits MP, Perros P,
Boboridis K, Boschi A, Currò N, Daumerie C, Kahaly GJ,
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Neoh C, Orgiazzi J, Pearce S, Pinchera A, Pitz S, Salvi
M, Sivelli P, Stahl M, von Arx G, Wiersinga WM 2008
Consensus statement of the European group on Graves’
orbitopathy (EUGOGO) on management of Graves’ orbi-
topathy. Thyroid 18:333–346

28. Kakudo K, Li Y, Taniguchi E, Mori I, Ozaki T, Nishihara
E, Matsuzuka F, Miyauchi A 2012 IgG4-related disease of
the thyroid glands. Endocr J 59:273–281.

29. Yamamoto M, Nishimoto N, Tabeya T, Naishiro Y, Ishi-
gami K, Shimizu Y, Yajima H, Matsui M, Suzuki C, Ta-
kahashi H, Imai K, Shinomura Y 2012 Usefulness of
measuring serum IgG4 level as diagnostic and treatment
marker in IgG4-related disease. Nihon Rinsho Meneki
Gakkai Kaishi 35:30–37.

30. Umehara H, Okazaki K, Masaki Y, Kawano M, Yamamoto
M, Saeki T, Matsui S, Yoshino T, Nakamura S, Kawa S,
Hamano H, Kamisawa T, Shimosegawa T, Shimatsu A,
Nakamura S, Ito T, Notohara K, Sumida T, Tanaka Y,

Mimori T, Chiba T, Mishima M, Hibi T, Tsubouchi H, Inui
K, Ohara H 2012 Comprehensive diagnostic criteria for
IgG4-related disease (IgG4-RD), 2011. Mod Rheumatol
22:21–30.

31. Caturegli P, Kuppers RC, Mariotti S, Burek CL, Pinchera
A, Ladenson PW, Rose NR 1994 IgG subclass distribution
of thyroglobulin antibodies in patients with thyroid disease.
Clin Exp Immunol 98:464–469.

32. McLachlan SM, Bahn R, Rapoport B 1992 Endocrine
ophthalmopathy: a re-evaluation of the association with
thyroid autoantibodies. Autoimmunity 14:143–148.

33. Zakarija M 1983 Immunochemical characterization of the
thyroid-stimulating antibody (TSAb) of Graves’ disease:
evidence for restricted heterogeneity. J Clin Lab Immunol
10:77–85.

34. Weetman AP, Yateman ME, Ealey PA, Black CM, Reimer
CB, Williams Jr RC, Shine B, Marshall NJ 1990 Thyroid-
stimulating antibody activity between different immuno-
globulin G subclasses. J Clin Invest 86:723–727.

35. Latrofa F, Chazenbalk GD, Pichurin P, Chen C-R, Mcla-
chlan SM, Rapoport B 2004 Affinity-enrichment of thyro-
tropin receptor autoantibodies from Graves’ patients and
normal individuals provides insight into their properties
and possible origin from natural antibodies. J Clin En-
docrinol Metab 89:4734–4745.

36. Gerding MN, van der Meer JW, Broenink M, Bakker O,
Wiersinga WM, Prummel MF 2000 Association of thyro-
trophin receptor antibodies with the clinical features of
Graves’ ophthalmopathy. Clin Endocrinol 52:267–271.

37. Eckstein AK, Plicht M, Lax H, Neuhauser M, Mann K,
Lederbogen S, Heckmann C, Esser J, Morgenthaler NG
2006 Thyrotropin receptor autoantibodies are independent
risk factors for Graves’ ophthalmopathy and help to predict
severity and outcome of the disease. J Clin Endocrinol
Metab 91:3464–3470.

Address correspondence to:
Seong Jin Lee, MD, PhD

Division of Endocrinology and Metabolism
Department of Internal Medicine

College of Medicine
Hallym University

1 Hallymdaehak-gil
Chuncheon, Gangwon-do 24252

Republic of Korea

E-mail: leesj@hallym.ac.kr

IGG4 IN GRAVES’ OPHTHALMOPATHY 1193

D
ow

nl
oa

de
d 

by
 H

an
ya

ng
 U

ni
ve

rs
ity

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
5/

11
/2

3.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 


