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ABSTRAK
Tujuan: mempelajari hubungan TSH Receptor Antibody (TRAb), Thyroid Stimulating Antibody (TSAb), Thyroid
Stimulation Blocking Antibody (TBAb) dan rasio TSAb/TBAb dengan skor aktivitas klinis (clinical activity score =
CAS) dan derajat keparahan oftalmopati, pada OG klinis dan scan. Metode: studi potong lintang ini melibatkan
75 subjek Graves yang diperoleh secara konsekutif di RSUPN-CM Jakarta sejak Desember 2009 hingga Januari
2011. Oftalmopati klinis ditegakkan berdasarkan kriteria Bartley, dan oftalmopati scan ditegakkan berdasarkan
penebalan otot ekstraokular dan peningkatan volume lemak retroorbita pada CT scan orbita. TSH, FT4, FT3 dan
TRAb diperiksa dengan cara Elisa. Sedangkan TSAb dan TBAb diperiksa dengan cara RIA. Tingkat aktivitas klinis
ditentukan berdasarkan clinical activity score (CAS), dan derajat keparahan OG ditentukan berdasarkan sistem
NOSPECS modifikasi Eckstein. Hasil: subjek Graves berasal dari berbagai suku bangsa yang ada di Indonesia
dengan rentang 20-63 tahun, yang memenuhi kriteria inklusi. Diperoleh 28 (37,3%) subjek OG klinis dan 61
(83,6%) subjek OG scan. Proporsi TSAb sebesar 70 (93,3%) dan TBAb sebesar 13 (17,3%) subjek Graves. Tidak
ada korelasi antara TRAb dengan CAS dan derajat keparahan OG klinis dan OG scan. Korelasi TSAb dengan
CAS OG klinis, CAS OG scan dan derajat keparahan OG scan juga tidak bermakna. Sedangkan korelasi TSAb
dengan derajat keparahan OG klinis bermakna (r=0,274; p=0,009). Korelasi TBAb dengan CAS OG klinis, derajat
keparahan OG klinis dan OG scan tidak bermakna. Terdapat korelasi terbalik kuat bermakna TBAb dengan CAS
OG scan (r= -0,565, p=0,035). Rasio TSAb/TBAb berkorelasi kuat dengan semua parameter, berturut-turut dengan
CAS OG klinis (r=0,730; p=0,031), CAS OG scan (r=0,607; p=0,024), derajat keparahan OG klinis (r=0,563;
p=0,023) dan derajat keparahan OG scan (r=0,762; p=0,001). Kesimpulan: TRAb tidak berkorelasi dengan CAS
dan derajat keparahan baik OG klinis maupun OG scan, sedangkan TSAb berkorelasi dengan derajat keparahan
OG klinis. TBAb berkorelasi negatif dengan CAS OG scan, sementara rasio TSAb/TBAb berkorelasi dengan CAS
dan derajat keparahan baik pada OG klinis dan OG scan.
Kata kunci: clinical activity score (CAS), oftalmopati Graves, TBAb, TRAb, dan TSAb.
ABSTRACT
Aim: to evaluate the association between TSH receptor antibody (TRAb), thyroid stimulating antibody
(TSAb), and thyroid stimulation blocking antibody (TBAb) and TSAb/TBAb ratio with clinical activity score
(CAS) and degree of severity of GO. Methods: this was a cross sectional study involving 75 consecutive Graves’
disease patients admitted at Cipto Mangunkusumo hospital between December 2009 until January 2011. Bartley
criteria were used as clinical criteria for GO. In addition to clinical criteria, orbital CT scan and measurement
of extraocular muscle thickness and increment of retroorbital fat volume were carried out. Furthermore, TSH,
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FT4, FT3 and TRAb were measured using ELISA method, TSAb and TBAb using RIA method. Clinical activity
of GO was measured using clinical activity score (CAS). Degree of severity of GO was measured using Eckstein
modified NOSPECS system. Results: subjects consisted of various different ethnic groups in Indonesia, with the
range of age between 20-63 years old. There were 28 (37%) and 61 (83.6%) GO subjects with clinical-based
and CT scan-based respectively. Among all GD subjects, the proportion of TSAb were 70 (93.3%) and TBAb
were 13 (17.3%). There was no correlation between TRAb and CAS nor the severity of GO, either clinical-based
and CT scan-based GO. There was also no correlation between TSAb and CAS. No correlation between TSAb
and severity of CT scan-based GO, but significant correlation between TSAb and severity of clinical-based GO
(r=0.274; p=0.009) was noted. There was no correlation between TBAb and severity of GO. We also found
no correlation between TBAb and CAS of clinical-based GO, but we found strong negative correlation with
CAS CT scan-based GO (r=-0.565; p=0.035). The TSAb/TBAb ratio was also strongly correlated with all
parameters evaluated, CAS of clinical-based GO (r=0.730; p=0.031), CAS of CT scan-based GO (r=0.607;
p=0.024), degree of severity of clinical-based GO (r=0.563; p=0.023), and degree of severity of CT scan-based
GO (r=0.762; p=0.001). Conclusion: TRAb was not correlated with CAS and degree of severity of clinicalbased and CT scan-based GO, while TSAb was correlated with degree of severity of GO. There was negative
correlation between TBAb and CAS of clinical-based GO, whereas TSAb/TBAb ratio was correlated with CAS
and degree of severity of both clinical-based and CT scan-based GO.
Key words: clinical activity score (CAS), Graves’ ophthalmo-pathy, TBAb, TRAb, TSAb.

INTRODUCTION

Ophthalmopathy is the most common extrathyroid manifestation of Graves disease (GD).1
The pathogenesis of graves ophthalmopathy (GO)
is multifactorial, which involves autoimmune
process.2 GD is characterized by the presence of
antibody to TSH-R (thyroid stimulating hormone
receptor), which is known as TRAb (TSH receptor
antibody). TRAbs in GD can be divided into 2
major functions: thyroid-stimulating antibody
(TSAb) and thyroid stimulation blocking
antibody (TBAb).3 TRAb can be measured using
two methods. First measurement is based on
binding competition, which is known as thyroidbinding inhibitory immunoglobulin (TBII);
and secondly, by measuring the production of
cyclic adenosine monophosphate (cAMP) as an
outcome from interaction between antibody and
the TSH-R.4,5
The degree of GO can be measured by two
methods: clinical activity and severity. Clinical
activity is determined by using clinical activity
score (CAS), which consists of 7 variables of
orbital signs and symptoms, and each variable
is scored of one and the sum of the score from 7
variables can reflect the level of disease activity.6
Eckstein suggested the NOSPECS system to
evaluate degree of severity of GO by evaluating
retraction, soft tissue inflammation, proptosis,
clinical extraocular muscles involvement, corneal

defect and optic neuropathy. The degree of severity
of GO can be detected earlier using an orbital
CT scan, because it can measure extra ocular
muscle thickness, retro orbital fat volume and the
presence or absence of proptosis.7 Theoretically,
the clinical manifestation of GO will correlate with
TRAb, but previous studies regarding those issues
were inconsistent. Studies in Europe (Caucasian)
and Asian (Oriental) showed that TSAb activity
had a positive correlation with GO. However,
the correlation of TRAb (measurement using
TBII) and GO had been inconsistent, correlation
is noted in Europe7-9 but not in Asia.10,11 Among
those studies, the role of TBAb had never been
evaluated. In GD patients (and also GO patients)
who had those two antibodies (TSAb and TBAb),
the TBAb will block the action and activity of
TSAb, and vice versa the TSAb will also influence
TBAb activity. On that condition, the clinical
manifestations might depend on the balanced
ratio of TSAb and TBAb, leading an assumption
that TSAb/TBAb ratio might be correlated with
GO. This study tried to determine the association
between TRAb, TSAb, TBAb and TSAb/TBAb
ratio with CAS and severity of GO.
METHODS

This was an observational cross sectional
study with consecutive sampling performed at
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Cipto Mangunkusumo Hospital Thyroid Clinic
from December 2009 until January 2011. Subject
criteria were newly diagnosed naive GD patients
or previously diagnosed GD patients who were
still in toxic condition, either under treatment
or not. Subjects were of any ethnic groups in
Indonesia which belong to Proto Malay or
Deutro Malay group12-14 or mixed from the two
groups, and were willing to participate in this
study. Subjects were non pregnant woman, no
thyroid crisis, no heart failure and no other severe
diseases. The number of sample was calculated
using Rifffenburgh formula15 and found that
this study needed 16 GO patients with positive
TBAb activity. Bartley et al. criteria was used
for clinical-based GO. 16 CT scan-based GO
was defined from clinical-based GO combined
with orbital CT scan. Data collection included
history taking; general and specific (eye) physical
examination; TSHs, FT4, FT3, TRAb, TSAb,
TBAb, and orbital CT scan to measure extra
ocular muscles (superior, inferior, lateralis and
medialis rectus muscles), retro orbital fat volume,
and the presence or absence of proptosis by
measuring the distance between basis and top
of cornea.17-21 Hormone measurements used
ELISA while TSAb and TBAb used the RIA
method. Clinical activity was measured using
clinical activity score (CAS). The degree of
severity was measured using Eckstein modified
NOSPECS system. Statistical analysis used
parametric test for normal distributed variables
using Kolmogorov Smirnov test (FT4, TBAb
and TSAb/TBAb ratio). Data transformation
to logaritm-10 (log-10) among variables (FT3,
TRAb and TSAb) who did not have normal
distribution, was performed. After transformed
to log-10 data, Kolmogorov Smirnov test for
normality was repeated, and all variables were
then normally distributed. Correlation analysis
among different antibodies (TRAb, TSAb, TBAb
and TSAB/TBAb ratio) with CAS and the degree
of severity of GO used Spearman correlation test.
RESULTS

During the study, based on the TRAb levels
from 30 subjects with normal thyroid function
as reference, there were 75 subjects who were
eligible for the study. There were 56 females
(74.7%) and 19 males (25.3%). There were
variable subject ethnic groups from Proto Malay,
Deutero Malay and mixed groups. From all
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subjects, 70 (93.3%) of them had TSAb activity
≥180%, and 13 (17.3%) subjects with TBAb
activity ≥45.6%.
On clinical examination, based on Bartley
criteria, there were 28 (37.3%) subjects with
GO. However, when clinical examination
combined with orbital CT scan, there were 61
(83.6%) subjects with GO. From all 28 subjects
with clinical-based GO, there were 21 (75%)
female (37.5% from all female GD patients)
and 7 (25%) male (36.8% from all male GD
patients), so the female to male ratio was similar
to sex ratio of GD patients which was 3:1. There
were no significant differences in sex proportion
between subjects with and without GO (p=0.959).
Regarding the age group, there were also no
significant differences of proportion between
subjects with or without GO (p=0.223).
From all CT scan-based GO, there were 46
(75.4%) female subjects (83.6% from all female
GD subjects) and 15 (24.6%) male subjects
(83.3% from all male GD subjects), so the female
to male ratio was similar to sex ratio of GD
patients which was 3:1. There were no significant
differences of sex proportion between subjects
with and without GO (p=0.616). Regarding the
age group, there was also no significant difference
in proportion between subjects with or without
GO (p=0.574).
Characteristics of subjects can be seen in
Table 1.
Table 2 shows the results of the correlation
analysis between antibodies related to Graves’
disease with CAS and degree of severity of GO.
Significant correlation among different
antibodies related to Graves’ disease with CAS
and severity of GO could be seen in Figure 1-6.
DISCUSSION

This study was specifically done in an
Indonesian population in order to highlight the
characteristics of GD and GO among Indonesians.
Actually, there are no native Indonesian people
genetically; nevertheless, this study was trying
to homogenize by choosing subjects from ethnic
groups in the archipelago, which were Proto
Malay and Deutro Malay group.
The prevalence of clinical-based GO in this
study was 37.3%, which was quite the same
as previous study from Lim et al.22 In a multi
ethnic Malaysia population (Malay, Chinese,
and Indian). Lim et al.22 reported the prevalence

Vol 44 • Number 2 • April 2012

Association of TSH Receptor Antibody, Thyroid Stimulating Antibody

Table 1. Characteristics of Graves’ subjects, clinical-based GO and scan-based GO
Variables

Graves’

Clinical-based GO

Scan-based GO

75 (100%)

28 (37.3%)

61 (83.6%)

-- Women

37.7 (SD 9.7)

39.7 (SD 10.2)

37.6 (SD 9.8)

-- Men

34.5 (SD 8.8)

32.1 (SD 8.3)

34.8 (SD 9.0)

-- Women

56 (74.7%)

21 (37.5%)

46 (83.6%)

-- Men

19 (25.3%)

7 (36.8%)

15 (83.3%)

Subjek

p

Age (year)
0.810

Sex

Duration of Illness (mo)

12

15

12

14 (18.7%)

4 (14.3%)

10 (18.2%)

FT4 (ng/dL)

4.76 (SD 2.5)

4.314 (SD 2.0)

4.72 (SD 2.5)

0.685

FT3 (pg/mL)

11.1

11.3

11.1

0.812

Smoking

0.948

TRAb (U/L)

8.08

8.24

8.08

0.689

TSAb (%)

646.5

972.4

659.6

0.443

TBAb (%)

68.93 (SD 17.7)

68.7 (SD 16.1)

68.93 (SD 17.7)

0.972

Ratio (%)

21.31 (SD 1.3)

25 (SD 1.1)

21.31 (SD 12.8)

0.806

Tabel 2. Correlation between Antibodies related to
Graves’ disease with CAS and Degree of Severity of GO
CAS

TRAb

Degree of severity

Clinical
basedGO (28)

Scan
basedGO (61)

Clinical
basedGO (28)

Scan
basedGO (61)

r = 0,277

r = 0,109

r = -0,078

r = -0,037

p = 0,077

p = 0,202

p = 0,254

p = 0,377

TSAb

r = 0,104

r = 0,139

r = 0,274

r = 0,127

p = 0,300

p = 0,142

p = 0,009

p = 0,141

TBAb

r = -0,468

r = -0,565

r = 0,169

r = -0,179

p = 0,145

p = 0,035

p = 0,290

p = 0,280

TSAb/
TBAb

r = 0,730

r = 0,607

r = 0,563

r = 0,762

ratio

p = 0,031

p = 0,024

p = 0,023

p = 0,001

of GO was 34.7% among GD patients. On the
other hand, Marcocci et al.23 and Brent24 reported
variable GO prevalance, ranging from 25%50%. Upper lid retraction, which was one of GO
criteria in this study, was found in 22.7% of GD
subjects, or 60.7% of GO subjects. This number
is higher than the study by Lim et al (53.4%), but
still lower as compared to the study by Mourits
et al.25 (70%) who reported that lid retraction is
the most common sign in GO.
After performing an orbital CT scan to
diagnose GO, the prevalence of GO was
increased from 37.3% to 83.6%. The CT-scanbased GO prevalence is the same as previous
study reporting the prevalence around 60-90%, if

using CT scan, MRI or USG B scan.26,27 Moreover
Krassas also noted that with the help of CT scan,
GO can be detected in almost all GD cases.28

3.400
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3.000

TSAb 2.800
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2.400
2.200
r = 0,274; p = 0,009
2.000
0
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1

3

4

5

6

The severity of clinical-based GO

Figure 1. Correlation between TSAb activity and severity of
clinical-based GO

100.0
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40.0
0

1
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The CAS of scan-based GO

Figure 2. Correlation between TBAb activity and CAS of
scan-based GO
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Figure 3. Correlation between TSAb/TBAb ratio and CAS
of clinical-based GO
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Figure 4. Correlation between TSAb/TBAb ratio and severity
of clinical-based GO
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Figure 5. Correlation between TSAb/TBAb ratio and CAS
of scan-based GO
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Figure 6. Correlation between TSAb/TBAb ratio and severity
of scan-based GO
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There were 9%-10.7% subjects with severe
GO according to modified NOSPECS system by
Eckstein et al.7 but those subjects did not have
pronounced eye complaints. This is opposite
to Caucasian population, in which 3%-5% GO
patients had severe GO with accompanying
intense pain symptoms, corneal ulceration and
compression optic neuropathy.29 The mechanisms
underlying those different findings is still unclear.
As previously genetic study revealed that genetic
predisposition for GD is variable between ethnic
groups. HLA study on GO progression in Europe,
Asia and America yielded different characteristics.
These findings might underline the variability in
GO clinical manifestation.
In a correlation analysis among different
antibodies, there are moderate correlation
between TRAb and TSAb. It showed us that
TRAb concentration, which was measured all
antibodies bind to TSH-receptor (TBII), being
affected by other factors, including TBAb. Tada
et al.30 reported that TRAb in GD patients who
also had TBAb was more heterogenous than in
GD patients without TBAb. Strong correlation
between TSAb and TSAb/TBAb ratio makes
impression that TBAb did not strongly affect
TSAb activity.
TRAb and TSAb were correlated with FT4
and FT3, in which TRAb correlation was stronger
than TSAb. This finding was in line with study
from Noh et al.31 TSAb will induce intracellular
cAMP production, but does not have role in
the production of cAMP-dependent inositol
triphosphate. The two systems in transcellular
signal transduction are being activated by two
different antibodies. The TRAb measurement
method measured those two antibodies, while
the TSAb measurement method measured only
the cAMP, consequently the correlation of TRAb
to thyroid function is stronger than TSAb. The
findings of significant correlation between TRAb
and TSAb to FT3 indicates that TRAb and TSAb
have a role in clinical manifestation of GD,
recalling that FT3 is an active hormone. These
conditions were consistent with the findings that
there were a significant mean TSAb difference
among toxic, subtoxic and non toxic GD patients.
In a correlation analysis between antibodies
and the CAS, revealed TRAb and TSAb activity
was not correlated with the CAS of scan and
clinical-based GO. Conversely, there was a strong
negative correlation between TBAb and the CAS
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of scan-based GO. Moreover, strong positive
correlation between TSAb/TBAb activity ratio
and the CAS of scan and clinical-based GO was
noted. TRAb was measured without taking note
on its effects. Contrary to TSAb, TRAb does not
always have a stimulatory function, but could
also inhibit TSH receptor as a function of TBAb,
especially in the context of Asian population.
Weetman et al.32 reported that TBAb seems to be
more prevalent in Asian population rather than
Caucasians. TRAb has a heterogeneous nature,
intra and inter-individual. TRAb in subjects with
TBAb also has a heterogeneous nature. Based on
those data, it seems rational that TRAb was not
correlated with CAS.
TSAb activity is a representation of percentage
increment in cAMP production of GD subjects in
comparison with non thyrotoxicosis population;
therefore, it signifies the disease activity. TSAb
and TBAb in GD have a similar characteristics
on concentration, high affinity to TSH-receptor,
and a proximate location of epitope. Study
by Costagliola et al, which was cited by
Morgenthaler et al.33 reported that even though
the epitope is in close proximity, essentially it
differs in molecular level. The different in single
type of amino acid on the binding location might
explain the difference in biological activity. In
subsequent correlation analysis on TSAb among
subjects with TBAb, there was strong correlation
between TSAb and the CAS of scan GO, but not
clinical GO. Hence, it is well defined that there is
an influence of TBAb on TSAb activity.
The most attracting results were the
analysis of TSAb/TBAb ratio. There was strong
correlation between TSAb/TBAb ratio and the
CAS of clinical and scan-based GO, although in
previous analysis we found that TSAb was not
correlated with the CAS of GO while TBAb was
only correlated with scan-based GO. Tada et al.30
reported that GD patients with TBAb will have
better response to treatment and will get early
thyroid function normalization. Based on these
facts, Tada et al.30 suggested that GD subjects
with TBAb had a different genetic background.
In this study, there were effects of TBAb on TSAb
activity and there was correlation between TBAb
and the CAS of scan-based GO, thus there is a
possibility that a different genetic background
could be one of the reasons.
In a correlation analysis between antibodies
and the severity of GO, there was no correlation

between TRAb with the severity of GO. These
findings are identical to previous study in
Asian population.10,11 As previously described,
the measurement of TRAb will measure the
concentration of all antibodies to TSH receptor,
including TSAb and TBAb. TRAb among
subjects with TBAb is heterogeneous nature.
Hence, it is understandable that TRAb was not
correlated with the severity of clinical and scanbased GO.
TSAb activity had a moderate correlation
with the severity of clinical-based GO, but not
with scan-based GO which had a larger number of
subjects. The presence of other thyroid antibodies,
such as thyro-peroxidase antibody (TPO-Ab) and
thyroglobulin antibody (TgAb), might explain
this findings. As previously reported, GO patients
usually do not have TPOAb and TgAb. Khoo
et al.11 reported that the absence of TPOAb is
associated with 5 times risk to develop GO, while
the absence of TgAb is not a risk factor of the
development of GO. The association of TPOAb
and GO might not be direct, TPOAb acts as an
important immune modulator on the pathogenesis
of GO. TPOAb modulates or acts as a surrogate
marker fot TSAb effects on GO. Weetman et
al.34 proposed that genetic predisposition for
Hashimoto tiroiditis, which is associated with
production of TPOAb, might give a moderate
protection for the development of GO.
Other factor that might play a role on the
association between TRAb and TSAb with the
CAS and the severity of GO is TBAb. Based on
the study by Kim et al.35 and Tada et al.36, the
prevalence of TBAb in GD is around 18.5%-30%.
Furthermore, Weetman et al.34 reported that the
TBAb prevalence in Asian population is higher
than Caucasian. Our study reported a lower
prevalence, which was 13 (17.3%) from GD
subjects. Kim et al.35 reported that the prevalence
of proptosis was higher in group of patients with
TBAb, so there was an assumption that TBAb
does not heavily affect TSAb activity in vivo.
This study reported similar findings as Kim
did, proportion of subjects with TBAb who had
proptosis is higher compared to subjects without
TBAb, although stastistically not significant.
Based on our understanding that TBAb
has a blocking nature, it will block all TSH-R
activation process and its subsequent effects
(proptosis progression and GO). Therefore, the
finding in this study has brought us new question,
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how big were the effects of TBAb on GO
progression. In this study, the effects of TBAb on
GO had been inconsistent. There was correlation
between TBAb and the CAS of scan-based GO
but there was no correlation with the severity
of GO. Kim et al.35 described that actually the
in vivo blocking effect of TBAB on stimulation
effects of TRAb was not strong.
The calculated TSAb/TBAb activity ratio
was strongly correlated with the severity of
both clinical and scan-based GO. Based on
extensive literature search, we found no journal
which reported correlation between TSAb/TBAb
activity ratio and GO. There was also strong
correlation between TSAb/TBAb activity ratio
with TSAb. Meanwhile we found non stastitically
significant negative correlation between TSAb/
TBAb activity ratio and TBAb; and TSAb with
TBAb. On subsequent analysis among subjects
with TBAb, there was strong correlation between
TSAb and the CAS of scan-based GO, between
TSAb with the severity of clinical and scanbased GO. Based on those findings, there are two
possible explanations.
The first possibility is the presence of TBAb
which has blocking nature. In previous study by
Morgenthaler et al.33 TSAb and TBAb have the
same affinity and epitop binding site on TSH-R.
While Kim et al.35 reported that the blocking
effects of TBAb on TRAb stimulation effects
is not strong. Consequently, there is a need for
doing further study regarding TBAb, especially if
we look at the concept that TBAb has a blocking
nature to TSAb stimulation effects.
The second possible explanation is the subject
characteristics itself. As stated before, Tada
et al.30 reported that GD subjects with TBAb
responded to treatment better and had earlier
normalization of thyroid function. Previous
studies reported different characteristics of GD
who had TBAb, which lead us to propose that
there are other factors such as genetic differences
which underline the treatment response among
subjects with or without TBAb.
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based GO. TSAb/TBAb activity ratio had a strong
correlation with CAS and severity of clinical and
scan-based GO.
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