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Introduction: TSH-receptor antibodies (TRAb) directed against the TSH receptor
(TSH-R) induce hyperthyroidism in patients with Graves’ disease (GD). TRAb
detected by previous radioimmunoassay only reflects the presence of
autoantibodies, but not the function of such antibodies. Thyroid stimulating
immunoglobulins (TSI) is a relatively new method for assessing TSH-receptor
antibodies function. The aim of this study was to investigate the role of TSI in the
diagnosis and management of GD.

Methods: Patients with newly diagnosed GD (n=140, age 38.00 + 11.99 years,
106 women) received pharmacological therapy (methimazole) up to 18 months
in the outpatient or inpatient department of the Second People’'s Hospital of
Foshan City from January 2013 to December 2018. GD was identified by clinical
signs and symptoms and relevant laboratory tests. Blood samples for TSI and
TRAb and other thyroidal biomarkers were obtained at baseline and at three
times during the follow-up. All patients with GD were followed up for at least 5
years to see if the patient was cured or had relapsed.

Results: TSI and TRAb in GD patients were significantly higher than those in the
normal control group (P<0.001), and there was a strong correlation between TSI
and TRAb in GD patients (P<0.001). After treatment, TSI and TRAb significantly
decreased (P<0.05), TSI and TRADb in patients with disease course more than 2
years were significantly higher than those in patients with disease course less
than 2 years (P<0.05), There was no statistically significant difference in TSI and
TRAD at initial diagnosis between patients with a disease duration of more than 2
years and less than 5 years and those with a disease duration of more than 5 years
(P>0.05); if the patients were still positive for TSI or TRAb antibodies at 5 years of
follow-up after treatment with anti-hyperthyroidism medication, the patients
were at a higher risk of relapse (P<0.001).
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Conclusion: The higher TSI at the initial diagnosis of GD, the longer duration of
treatment with anti-hyperthyroid drugs and the higher risk of relapse. Compared
with TRAb, serum TSI level is also important in the clinical diagnosis and
prognosis of GD, but which one is superior to the other needs further study.

TRADb thyroid antibodies, thyroid-stimulating immunoglobulin, Graves' disease, anti-
hyperthyroidism drug therapy, duration of treatment

Introduction

Graves’ disease (GD), also known as toxic diffuse goiter, is a
common specific autoimmune disease with a genetic predisposition,
and epidemiological studies have indicated that Graves’ disease
accounts for about 83% of all hyperthyroidism, and its pathogenesis
is closely related to thyrotropin receptor body (TRAb) (1). By
simulating the role of TSH, TRAb combines with TSHR to cause
excessive growth and functional enhancement of thyroid cells,
leading to goiter, hyperfunction and GD. Therefore, TRAb can be
detected in the vast majority of GD patients and is considered as an
important marker for the diagnosis, treatment and prognosis of GD
in clinical work. The 2018 European Thyroid Society Graves
Guidelines for the Management of Hyperthyroidism and the 2016
American Thyroid Society Guidelines for the Diagnosis and
Treatment of Hyperthyroidism and Other Causes of Thyroidism
both recommend TRADb as a diagnostic marker for hyperthyroidism
(2, 3). TRAD is a heterogeneous antibody that can be divided into
TSAb, TSBAD, and neutralizing antibodies. Among them, only
stimulating TRAb, namely thyroid stimulating immunoglobulin,
is present Immunoglobulin (TSI) is believed to be responsible for
inducing sustained signaling activity in the thyroid gland, and is
most closely related to GD (4). To date, TSI has been detected by
bioassays and immunoassays. Immunological methods are highly
sensitive, but cannot distinguish between types of TRAb. The
bioassay using cell culture has not been approved for clinical
diagnosis because of its cumbersome operation and many
influencing factors. Recently, Siemens has successfully developed
an assay based on the IMMULITE 2000 platform for direct
measurement of TSI. However, the clinical diagnostic value of
this method for GD has yet to be confirmed due to its recent
clinical application (5).Current treatment options for Graves’
disease include Anti-hyperthyroidism drug (ATD) therapy,
radioactive iodine therapy (iodine-131 therapy) and surgery. In
Europe and China, ATD therapy is usually the treatment of choice
for patients with GD, while radioactive iodine therapy is the first-
line treatment option in the U.S. Regardless of the therapeutic
measure, it should be considered in a comprehensive manner,
which can be based on the patient’s specific situation, the
advantages and disadvantages of the treatment modality, and the
willingness to treat.
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We know that the conventional treatment of ATD is usually
recommended for 1 1/2 to 2 years, and most patients can be
alleviated or even cured, but nearly 30% of patients cannot stop
taking the drug for a long time or some patients are prone to
relapse. TRAD is also recommended as a good prognosis and drug
withdrawal indicator during treatment. Compared with TRAD,
whether TSI can play a greater role in the diagnosis, treatment
and prognosis of GD remains to be further explored. However, TSI
has not been widely used in some countries or regions, and it has
not attracted sufficient attention from some clinicians. Therefore,
the aim of this study was to compare whether there is a difference in
the clinical significance of TSI and TRAD in the diagnosis and
management of GD patients treated with anti-hyperthyroid drugs.

Materials and methods
Study subjects

A total of 140 GD patients (36 males and 104 females) who were
newly diagnosed and followed up in the outpatient or inpatient
department of the Second People’s Hospital of Foshan City from
January 2013 to December 2018 were retrospectively analyzed and
compiled as the observation group. The diagnostic criteria for GD
are firstly a diagnosis of hyperthyroidism, followed by diffuse
enlargement of the thyroid gland, and in a few cases no
enlargement of the thyroid gland. Since TRAB and TSI can be
detected in the vast majority of patients, many international
guidelines have already recommended that these antibodies be a
requirement for diagnosis. In clinical practice, TPOAb and TgAb
are elevated in patients with GD, but the guidelines suggest that the
diagnosis of GD should not be based on high titer serum levels of
TPOAD and TgAb.

In addition, 24 healthy (5 males and 19 females) were treated as
normal control groups. All patients were examined at the first visit,
including demographic characteristics (sex and age), personal and
family history records, and the diagnosis of GD was made based on
medical history, physical examination, routine thyroid function and
antibody tests (TSH, FT3, FT4, TSI, TRAb, TgAb, TPOAD), and
thyroid ultrasound. Radioactive iodine therapy, withdrawal from
drug regimens is also excluded, and patients who change or take
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propylthiouracil are not included). TSI and TRAb of GD patients
were recorded at the first visit, 12 months and 24 months, and all
patients were continuously followed up and evaluated whether they
were cured or not according to their clinical symptoms and related
biochemical indexes at the fifth year (if clinical symptoms recurred
after drug withdrawal and abnormalities such as thyroid function
were reviewed, relapse was considered).

Assays

The healthcare workers used red-tipped dry tubes to draw the
patients’ blood, which was sent to the testing department on the
same day to separate the patients’ serum and then refrigerated at 2-
8°C and tested within one week. and serum TSH, FT3, FT4 and
TRAb levels were detected by Roche E602 electrochemical
immunoluminescence instrument and its accompanying reagents,
and TSI levels were detected by Siemens IMMULITE2000XPI
automatic chemiluminescence immunoassay analyzer and its
accompanying kit. Normal Reference Ranges TSH 0.350-4.940
puIU/mL, FT4 9.01-19.05 pmol/L, FT3 2.63-5.70 pmol/L, TRAb
0.00-1.75 TU/L, TSI 0.00-0.55 IU/L IMMULITE 2000XPI Fully
Automated Chemiluminescent TSI Analyzer The laboratory
analytical performance meets manufacturer’s claims.

Statistical analysis

SPSS 21.0 software package was used for statistical analysis. The
normally distributed measures were expressed as mean + standard
deviations (x * s), and the non-normally distributed measures were
expressed as Md (P25, P75). The independent-samples t-test or
one-way ANOVA was used for the normally distributed continuous
variables, and the nonparametric test was used for the non-
normally distributed continuous variables. P<0.05 indicated a

10.3389/fendo.2024.1487490

statistically significant difference, and P<0.01 indicated a
significant difference. Correlation analysis of variables was
performed using the spearman analysis method.

Results

A total of 140 GD patients were collected and followed up,
including 34 males and 106 females, with an average age of (38.00 +
11.99) years and a median course of disease of 48 months. The
median FT4, TRAb and TSI levels were 30.71 pmol/l, 10.44 TU/L
and 9.18 TU/L, respectively (Table 1).

For all subjects, TSI was highly correlated with TRAD at the time
of diagnosis (r,=0.891, p<0.001, Figure 1A), TSI was correlated with
FT4 at the time of diagnosis (rs=0.340, p<0.001, Figure 1B), TRAb
was correlated with FT4 at the time of diagnosis (r,=0.374,
p<0.001, Figure 1C).

All GD patients had significantly elevated TSI and TRAb levels
at initial diagnosis. Compared with the initial diagnosis, levels of
TSI and TRAD decreased significantly at 12months and 24 months,
compared to 12 months, TSI is lower at 24 months, as is TRAD, and
the difference was statistically significant (p< 0.05) (Table 2).

We divided the GD patients into 3 groups according to their
disease duration. TSI and TRAB at initial diagnosis were
significantly lower in patients with a disease duration of 2 years
than in patients with a disease duration of more than 2 years (p<
0.05). However, there was no statistically significant difference in
TSI and TRAD levels at initial diagnosis between GD patients with a
disease duration of 2 to 5 years and those with a disease duration of
more than 5 years (p> 0.05) (Table 3). The lower the levels of TSI
and TRAD at initial diagnosis, the shorter the disease duration
seemed to be.

Ninety-nine of 140 GD patients who were TSI-positive at initial
diagnosis became TSI-negative after a standard course of
medication, and only eight of these 99 patients relapsed at 5 years

TABLE 1 Characteristics of the patients at the time of diagnosis [x + s; Md (P25, P75)].

GD
n 140
Age at presentation(years) 38.00 + 11.99
Female/male 34/106
course of disease, month 48 (24,69)

FT4, pmol/l 30.71 (20.11,44.82)
FT3, pmol/l 11.60 (5.16,28.05)
TSH, mIU/L 0.004 (0.003,0.013)
TRAb, TU/L 10.44 (6.47,22.98)
TSI, TU/L 9.18 (5.97,18.75)

TPOAB, IU/mL 590.71 (50.10,1000.00)

TGAB, IU/mL 107.82 (8.11,499.40)

Healthy person P value

24

4358 + 17.13 0.051

5/19 0.801

12.31 (11.54,13.19) <0.001

4.15 (3.57,4.57) <0.001

1.881 (0.885,2.674) <0.001

0.83 (0.80,1.03) <0.001

0.44 (0.20,0.69) <0.001

23.79 (1.06,134.47) <0.001

13.36 (1.72,76.32) <0.01

TSI, thyroid-stimulating immunoglobulin; TRAb, thyrotropin receptor antibody; TSH, thyroid stimulating hormone; TPOAB, Thyroid Peroxidase Antibodies; TGAB, Thyroglobulin Antibodies;

FT4, Free T4; FT3, Free T3.
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FIGURE 1

Correlation between TSI vs TRAb (A), TSI vs fT4 (B) and TRAb vs fT4 (C) at initial diagnosis. r¢ = Spearman’s Rho Coefficient.

of follow-up. Nineteen patients remained TSI-positive during
treatment, only three of these patients were able to discontinue
the drug at 5 years of follow-up, and 16 patients had recurrent
symptoms and were prone to relapse. Twenty-two patients with GD
had complex changes in TSI during treatment, which could be high
or low, sometimes negative, sometimes positive, and only 6 of these
patients could be cured even after 5 years of follow-up, while 16
patients were prone to relapse and still needed to take medication.
Lower recurrence rates in TSI- and TRAb -negative patients

TABLE 2 TSI, TRAD at different times presented as median and range in GD.

compared to patients who remain TSI- and TRAb -positive after
drug treatment (p< 0.001) (Table 4).

Since the majority of GD patients in the clinic can be detected
with the presence of these two antibodies, TSI and TRAb are of
great value in the diagnosis of GD. However, in practice, we still find
that there are rare cases where only one of the two antibodies is
positive. We've collected a few extra cases like this. It was found that
such patients seemed to have low antibody levels and a short overall
disease duration (Table 5).

initial diagnosis 12 month 24 month
TRAB (IU/L) 140 10.44 (6.47,22.98) 327 (1.75,6.14) * 1.67 (0.91,3.75) *t <0.05.
TSI (IU/L) 140 9.18 (5.97,18.75) 237 (0.97,5.00) * 1.35 (0.81,2.86) *f <0.05.

Compared with initial diagnosis, *P < 0.05; Compared with 12 months, TP <0.05.
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TABLE 3 TSI, TRAD at initial diagnosis presented as median and range in
GD with different treatment duration.

TSI(IU/L)

Duration of TRAB(IU/L)

treatment

Within 2 years 46 7.62 (4.58,11.28) ‘ 8.68 (5.50,14.11)
2-5 years 58 10.00 (6.81,20.72) || ‘ 12.45 (8.37,28.82) **
5+ years 36 14.50 (5.97,23.37) ¢* ‘ 16.29 (5.93,31.73) +1*

Compared with the disease course within 2 years, |[P 0.031 (P<0.05), €P < 0.028 (P<0.05);
Compared with the disease course within 2 years, **P 0.033 (P<0.05) t1P < 0.040 (P<0.05);
There was no statistically significant *P >0.05 compared to 2 to 5 years of disease.

Discussion

According to the diagnostic criteria of GD, many authoritative
guidelines and clinical studies believe that TRAD is a valid test
index, and should be tested in combination with thyroxine,
triiodothyronine and thyroid stimulating hormone (3). But we
know that TRAb can only reflect the GD patient’s autoantibodies
against thyroid hormone receptor, cannot reflect the function of the
antibody, The main problem of TRAb detection is that patients with
chronic thyroiditis with hypothyroidism may also have false
positive results, and the reason may be related to the presence of
neutral TRAbD or inhibitory TRAb in these patients, or it is possible
that the patients themselves have chronic thyroiditis with GD (6).

TRADb, as a heterogeneous antibody, can be classified into TSAb,
TSBAb, and neutralizing antibodies. Among them, TSAB, also
known as TSI, is considered to be the one that is closely
associated with GD-related hyperthyroidism, and some findings
suggest that TSI is also closely associated with the severity of the
disease and extra-thyroidal manifestations, such as thyroid
ophthalmopathy (7, 8). Therefore, some scholars have suggested
that TSI should also be used in the same way as TRAb, not only for
the screening of GD, but also for the evaluation of the treatment
effect and prognosis of GD patients (9). However, some scholars
believe that compared with TRAb, TSI does not show more clinical

TABLE 4 Changes of TSI and TRAb over Syears in 140 TSI-positive
Graves' patients with hyperthyroidism.

Remission or
recurrence (n=40)

Recovered
(RENI0]0)]

p-value

TSI 0.001
Positive 3 16
Negative 91 8
Complex changes 6 16
TRAB 0.001
Positive 7 21
Negative 85 7
Complex changes 8 12

Complex changes: Patients mainly present with antibody-negative and then re-positive
conditions during the course of treatment.
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benefit in the prognosis and management of GO (10). In practice,
the clinical role of TSI has not been widely emphasized, and in some
regions, there is no relevant program to carry out testing. Our study
found that high levels of TSI and TRAb were detected in almost all
GD patients, and that the levels of TSI and TRAb in GD patients
were related to thyroid function status. The results of correlation
analysis showed that the levels of TSI and TRAb were strongly
correlated, the levels of TSI and TRAb were significantly correlated
with FT4 levels but weakly correlated, and. The correlation between
TSI levels and FT4 was essentially the same as the correlation
between TRAD levels and FT4, which is in general agreement with
some scholars’ studies (11) Therefore, we believe that TSI can be
used as one of the screening and diagnostic indicators for GD
patients in China, and it is recommended to use it in combination
with TRAD detection to improve the accuracy of diagnosis, and it is
recommended to establish the corresponding reference interval for
the level of medical determination of TSI in different regions to
achieve the best clinical diagnostic performance of GD (12).

In terms of the evaluation of the treatment effect, Scappaticcio L
et al. found a stronger correlation between TSI and FT4 than that
between TRAb and FT4 (13). As a sensitive indicator of thyroid
function status, the FT4 level decreased gradually with the disease
remission after ATD treatment. Our study also found that, along
with the remission of disease after ATD treatment, the level of TSI
and TRAb antibody also decreased significantly. Therefore, we
believe that TSI can also be used as a sensitive indicator to
determine the ability of methimazole treatment in GD patients.

In terms of prognosis, we know that currently there are three main
treatment methods for hyperthyroidism, namely drug therapy, surgery
and radioactive iodine therapy, among which drug therapy is the first
choice in most countries as the first-line treatment, while the
traditional clinical experience recommended drug therapy course is
18-24 months, and TRAD is also considered to be a good indicator to
predict drug withdrawal. However, in actual clinical work, we find it
difficult to achieve this. Even if the patients have good compliance,
take medicine on time, check regularly and do not have any bad
habits, only 6-70% of patients can fully recover, and about 30% of
patients have a long treatment time and a high risk of recurrence. In a
study by Zhou YL et al., about 20% of TRAb-negative GD patients

TABLE 5 Characteristics of patients who were only positive for one of
the two markers with hyperthyroidism.

negative TRAb and

negative TSI and

positive TSI positive TRAb
N 3 4
Age (years) 48.00 + 3.1 49 +54
Female/male 3/0 3/1
TRAb, IU/L 1.33 £ 0.25 2.87 +0.36
TSI, TU/L 1.26 + 0.28 0.39 + 0.07
course of 19.00 + 1.5 17 £23
disease, month
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relapsed and most of them were TSI-positive, suggesting that
discontinuing an ATD when both TSI and TRAb are negative
significantly reduces the risk of relapse (14). Hwang S et al. found
that the prediction of GD relapse by the level of TSI that can be
detected has a higher specificity and predictive value (15). Several
studies have shown that TSI is a good predictor of relapse in GD
patients treated with ATD (16-18). In this study, we found that the
higher the levels of TSI and TRAb at the initial diagnosis of GD
patients, the longer the duration of the disease may be, and the length
of drug treatment for these patients may be more than 1 % to 2 years if
they take medication, and the risk of relapse is high, and in the course
of the follow up of these patients, We found that patients with GD
who were consistently positive for TSI antibodies or had complex
changes were at higher risk of recurrence compared to patients who
were negative for TSI antibodies whereas there was no statistically
significant difference in the risk of recurrence between GD patients
with persistently positive antibodies and complicated changes (P
0.466); GD patients with persistently positive TRAb antibodies or
with complex changes had a higher risk of relapse than those with
negative TRAb antibodies, and no statistically significant difference in
the risk of relapse between persistently positive antibodies and
complex changes (P 0.349). After a long course of treatment, the
antibody level decreased significantly but still not completely normal,
the probability of recurrence is high.

Although TSI does not show much superiority in prognosis
compared with TRAD, we think that it can be considered to predict
the possible course of treatment and recurrence risk of patients at
the time of initial diagnosis by jointly detecting TSI and TRAb
levels, so as to help patients choose the appropriate treatment plan
better. When the TRAb of GD patients is negative and TSI is
positive, it is still recommended to extend the treatment time of
ATD appropriately.

It is very rare for GD patients to be positive for only one of the
two markers. So it’s hard to analyze statistically whether it’s
clinically significant or not. and we will continue to keep an eye
out for such cases to expand our study more deeply. There are still
shortcomings in this study. First, the sample size of this study is
small and may lead to potential bias due to regional differences, and
more regions as well as more GD patients should be included for
analysis. Second, the follow-up period was not long enough to
determine the prognostic value of TSI compared with TRAb in GD
patients completely and accurately, a longer follow-up period is
needed to validate the conclusions.

In conclusion, for patients with GD who were given a course of
standard anti-hyperthyroid drugs, if the TSI is still positive, it is
recommended to appropriately prolong the duration of ATD
treatment to reduce the recurrence rate.
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