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Abstract
Objective The use of antithyroid drug (ATD) therapy in patients with Graves’ disease (GD) hyperthyroidism has been
increasing, but ATD therapy is associated with a higher relapse rate. We aimed to evaluate clinical factors for predicting
relapse of GD after ATD therapy.
Methods Patients (n= 149) with newly diagnosed GD who achieved remission of hyperthyroidism after ATD therapy
(≥6 months) were followed up for >18 months after ATD withdrawal. We evaluated the predictive factors of relapse during a
median of 6.9 years of follow-up.
Results Disease relapse occurred in 52 patients (34.9%). By multivariate analyses, a duration of the minimum maintenance
dose therapy (MMDT) of <6 months was a significant factor in disease relapse (hazard ratio [HR], 2.58; 95% confidence
interval [CI], 1.47–4.52; p < 0.001), and a T3/free T4 (fT4) ratio > 120 at ATD withdrawal was significantly more frequent in
patients with relapse (HR 2.43; 95% CI, 1.36–4.34; p= 0.002). In the prediction-of-relapse model, the likelihood of relapse
was greater in the high-risk group, which had a short MMDT duration and a T3/fT4 ratio ≥120 (HR, 5.81; 95% CI,
2.52–13.39; p < 0.001) and the intermediate-risk group, which had a short MMDT duration or a T3/fT4 ratio < 120 (HR,
2.77; 95% CI, 1.26–6.13; p < 0.001), than in the low-risk group, which had a long MMDT duration and a T3/fT4 ratio < 120.
Conclusion An MMDT longer than 6 months and a high T3/fT4 ratio at ATD withdrawal were independent predictors of
relapse in patients who achieved initial remission after ATD for GD. These factors could be used to determine the optimal
time to withdraw ATD during the treatment of GD hyperthyroidism.
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Introduction

Graves’ disease (GD) is the most common cause of hyper-
thyroidism [1, 2] and is generally treated with antithyroid
drugs (ATDs), radioactive iodine (RAI) ablation, or surgery
[3]. The preference for the initial treatment modality of GD
hyperthyroidism varies according to geographical region.

ATD therapy is preferred in Europe and Asia, while RAI
therapy is preferred in the United States of America (USA)
[4]. However, the selection of ATDs as the initial treatment
modality has been increasing in the USA because it is
readily accepted by patients and is the favorable choice in
those with thyroid-associated orbitopathy (TAO) [5].
Although RAI easily and effectively results in remission, it
may lead to permanent hypothyroidism and other compli-
cations, including radiation exposure and deterioration of
TAO [4–6]. Despite this, RAI has been recommended, as it
is the most cost-effective method to control hyperthyroid-
ism, particularly in countries where medical costs are high.
However, in countries where medical costs are lower, the
differences among treatment modalities are insignificant [7].

The main concern with ATD therapy is the higher risk of
relapse [8, 9]. A review of 26 randomized clinical trials
involving 3388 GD patients reported that the 1-year relapse
rates after ATD therapy were 51 and 54%, in the block-and-
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replace group and dose-titration group, respectively [10]. A
study performed in an iodine-sufficient area, northern Swe-
den, also reported a long-term remission rate of 56.5% in
patients treated with ATDs [8]. Therefore, it is important to
elucidate risk factors related to relapse during therapy with
ATDs. Efforts to identify risk factors associated with relapse
after ATD withdrawal are ongoing. Multiple risk factors for
relapse after ATD therapy have been reported, including
young age [11, 12], smoking [13–15], severe TAO [16] or
large goiter [15], high titers of thyrotropin (TSH) receptor
antibodies (TRAb) at diagnosis [17–20] or at the time of ATD
withdrawal [17, 19], the total duration of ATD therapy [9],
and pregnancy/postpartum [21]. However, the attribution of
reported risk factors varies between studies, likely as a result
of differences in the ethnic backgrounds of study participants,
treatment strategies, or follow-up periods [8, 22].

The use of ATDs has gradually increased worldwide
despite the relatively higher incidence of relapse or persistent
disease [4]. It would be valuable to determine the optimal
strategy by which to discontinue ATDs and the markers that
accurately reflect disease activity to determine the most
appropriate timing of ATD discontinuation to minimize
relapse. We attempted to retrospectively elucidate predictive
markers for relapse in patients with Graves’ hyperthyroidism
who were treated with ATDs using a dose-titration regimen
and achieved remission in our center. A previous study sug-
gested that disappearance of TRAb might not guarantee long-
term remission because reemergence of TRAb may occur
when the disease recurs in some patients with GD [23].
Therefore, in addition to reported predictive markers, we
included the serum T3/free T4 (fT4) ratio at the discontinua-
tion of ATD therapy. A study reported that an increased TSH
level was associated with an increased fT3/fT4 ratio [24]. This
phenomenon could be explained by increased deiodination of
T4 to T3 by TSH. Therefore, we hypothesized that the serum
T3/fT4 ratio could reflect the degree of stimulation of the TSH
receptor in thyrocytes in vivo and that the T3/fT4 ratio might
be a more sensitive marker for activities of stimulating anti-
bodies in vivo than the TRAb titer measured in vitro.

This study assessed the clinical outcomes in GD patients
treated with ATDs who had achieved remission and had
been followed up for more than 6 years, thereby defining
the clinical factors for predicting relapse after remission.
Additionally, we aimed to develop an appropriate strategy
to reduce the relapse rate after ATD therapy.

Materials and methods

Patients

This historical cohort study screened patients who were
newly diagnosed with GD and had been treated at Asan

Medical Center, Seoul, Korea, between 2005 and 2012.
Patients who achieved remission after ATD therapy for at
least 6 months and then had been followed up for more than
18 months after ATD withdrawal were included. A total of
149 patients were eligible for this study. GD was diagnosed
based on a high serum fT4 level with a suppressed TSH
level, an increased serum TRAb titer, increased uptake on a
99m-technetium (Tc) thyroid scan with or without the pre-
sence of TAO, and diffuse goiter [25]. TAO was defined as
an inflammatory eye disease associated with autoimmune
thyroid disorder [26]. It was classified by disease activity
and severity as mild, moderate, or severe [27, 28]. A goiter
was categorized according to the World Health Organiza-
tion goiter classification system (grade 0: no goiter; grade 1:
thyroid palpable but not visible; grade 2: thyroid visible
with neck in normal position) via physical examination by a
physician [29]. This study was approved by the Institutional
Review Board of Asan Medical Center, Seoul, Korea.

Treatment and follow-up

ATD therapy was administered using a dose titrating regimen
described previously [25]. Most patients were initially treated
with methimazole (MMI) (15–30mg/day) or carbimazole
(20–40mg per day), and some were prescribed with pro-
pylthiouracil (PTU) because of minor adverse events. ATD
therapy was discontinued based on the following criteria: (1)
the levels of TSH, fT4, and TRAb were normalized or (2) a
euthyroid state was maintained over 6 months with the
minimum maintenance dose of ATDs regardless of the pre-
sence of TRAb (MMI= 2.5mg/day, carbimazole= 5mg/
day, and PTU= 25mg/day) [25, 30, 31]. Euthyroid state was
defined as keeping free T4 and TSH within the normal
reference ranges. Serum fT4, total T3, TSH, and TRAb were
regularly measured during the follow-up period. These para-
meters were tested at 3, 9, and 15 months from the time of
ATD withdrawal and every 6 months thereafter. RAI therapy
was considered when patients failed to achieve euthyroidism
despite treatment with ATDs or when serious adverse effects
occurred as a result of ATD therapy.

Laboratory measurements

Serum TSH levels were determined using the TSH-CTK-3a
radioimmunoassay (RIA; DiaSorin SpA, Saluggia, Italy) with
a functional sensitivity of 0.07 mIU/L, as described pre-
viously [32]. Serum fT4 levels were measured using the fT4
RIA (Immunotech, Prague, Czech Republic), and serum total
T3 levels were measured by RIA using T3-CTK (DiaSorin
SpA). The reference ranges of TSH, fT4, and total T3 were
0.4–4.5 mIU/L, 0.80–1.90 ng/dL, and 151–277 ng/dL,
respectively. TRAb was measured using a competitive
thyrotropin-binding inhibitory immunoglobulin (TBII) assay
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by the B·R·A·H·M·S TRAK human RIA (B·R·A·H·M·S
GmbH, Hennigsdorf/Berlin, Germany) according to the
manufacturer’s instructions [33]. TBII titers ≥1.5 IU/L were
considered positive with an analytical sensitivity of 0.3 IU/L
and a functional assay sensitivity of 1.0 ± 0.2 IU/L.

Definitions of clinical outcomes

Remission was defined as euthyroid status with normal
TSH, fT4, and total T3 maintained for more than 1 year
after ATD withdrawal. Relapse was defined as low TSH
with or without increased fT4 during follow-up after
remission. Upon identifying relapse, a second course of
ATD therapy or RAI therapy was considered.

Statistical analyses

R® version 3.0 and the R libraries “survival,” “Hmisc,”
“Cairo,” “prodliman,” and “pROC” were used to analyze data
(R Foundation for Statistical Computing, www.R-project.
org). Continuous variables were described as means with
standard deviations or medians with interquartile ranges
(IQRs) and were analyzed using the Student’s t test. Cate-
gorical variables were examined by the chi-square test and
presented as frequencies with percentages. We performed
receiver operating characteristic curve analysis and deter-
mined the ability of optimal cutoff values for the T3/fT4 ratio
at diagnosis and ATD withdrawal, and the duration of mini-
mum maintenance dose therapy (MMDT), to predict relapse.
A Cox proportional hazard model was used to identify pre-
dictive variables, including age, sex, goiter size, the presence
of TAO, thyroid function test at diagnosis and ATD with-
drawal, 99m-Tc scan uptake at diagnosis, duration of ATD
therapy, and serum TBII titer. Relapse-free survival (RFS)
curves were calculated using the Kaplan–Meier method and
compared using the log-rank test. A Cox proportional hazard
model was applied to evaluate risk factors for relapse of GD,
which were presented as hazard ratios (HRs), 95% confidence
intervals (CIs), and p values. The multivariate analysis
included age, sex, goiter size, the presence of TAO, thyroid
function test and TBII at diagnosis and ATD withdrawal, 99m-
Tc scan uptake at diagnosis, and treatment duration of any
ATDs. All p-values were two-sided with values < 0.05 con-
sidered statistically significant.

Results

Baseline characteristics of patients and clinical
course

The baseline characteristics of 149 patients with GD are
presented in Table 1. The mean age was 45.17 ± 12.11

years, and 28.9% were males. Eight-one patients (54.4%)
had a goiter, and 11 (7.4%) showed clinically evident TAO.
Fifty-four patients (36.3%) were treated with MMI, and 89
(59.7%) were treated with carbimazole. The median level of
TSH at diagnosis was 0.04 mIU/L (IQR 0.04–0.07 mIU/L),
and the median fT4 level was 3.15 ng/dL (2.60–3.80 ng/
dL). The initial titer of serum TBII was 10.65 IU/L
(5.60–18.65 IU/L).

The median follow-up duration was 6.9 years (IQR
4.91–9.19 years). The median duration of ATD therapy to
remission was 22.03 months (IQR 15.31–41.12 months),

Table 1 Baseline characteristics of patients with GD who underwent
ATD treatment

Total N= 149 (%)

Age at diagnosis (year) 45.17 ± 12.11

Male sex 43 (28.9)

Goiter sizea

Grade 0 68 (45.6)

Grade 1 68 (45.6)

Grade 2 13 (8.8)

Thyroid-associated ophthalmopathy

Absence 138 (92.6)

Mild 2 (1.3)

Moderate to severe 9 (6.1)

ATD

Methimazole 54 (36.3)

Carbimazole 89 (59.7)

Propylthiouracil 6 (4.0)

Thyroid function test at diagnosis

Total T3 (ng/dL) 273.5 (218.0–358.5)

Free T4 (ng/dL) 3.15 (2.60–3.80)

TSH (mIU/L) 0.04 (0.04–0.07)b

TBII (IU/L) 10.65 (5.60–18.65)

Total T3/free T4 ratio 93.95 (77.67–110.00)
99m-Tc scan uptake at diagnosis (%) 8.45 (6.35–11.65)

Duration of ATD treatment, months (median, IQR)

Duration of ATD treatment (months) 22.03 (15.31–41.12)

Duration of minimum maintenance
treatment (months)

6.72 (4.13–12.33)

Duration from ATD withdrawal to first
relapse (months)

32.56 (17.71–48.98)

Thyroid function test at ATD withdrawal

TBII at ATD withdrawal (IU/L) 1.10 (0.61–1.80)

Total T3/free T4 ratio at ATD withdrawal 116.2 (104.4–130.3)

GD Graves’ disease, ATD antithyroid drug, T3 tri-iodothyronine, T4
thyroxine, TSH thyroid-stimulating hormone, TBII thyrotropin-binding
inhibitory immunoglobulin, IQR interquartile range, 99m-Tc technetium
aWHO goiter classification system, grade 0: no goiter; grade 1: thyroid
palpable but not visible; grade 2: thyroid visible with neck in normal
position
bGeometric mean
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and the median duration of MMDT among total ATD
therapy was 6.72 months (Table 1). The median titer of
TBII at ATD withdrawal was 1.10 IU/L (0.61–1.80 IU/L),
and the median T3/fT4 ratio was 116.2 (104.4–130.3).
When patients had been followed up for a median of 3.92
years (IQR 2.79–6.14 years) after ATD withdrawal, 52 out
of 149 patients (34.9%) experienced relapse. The median
duration from ATD withdrawal to relapse was 32.56 months
(IQR 17.71–48.98 months). Six (11.5%) of 52 relapsed
patients underwent RAI therapy, and 1 patient (1.9%) was
treated with total thyroidectomy. The remaining patients
underwent a second course of ATD therapy after relapse.

Clinical characteristics related to the relapse of
Graves’ disease

After withdrawal of the initial ATD, 52 (34.9%) of 149
patients experienced relapse. We compared the clinical
features of patients in the remission group (n= 97) with
those of patients who had relapsed (n= 52) to identify the
clinical features associated with relapse of hyperthyroidism.
In univariate analysis, a short duration of MMDT
( <6 months) was significantly associated with relapse (HR,
3.33; 95% CI, 1.54–7.20; p < 0.001; Table 2), and this
association remained significant in multivariate analysis
(HR, 2.58; 95% CI, 1.47–4.52; p < 0.001; Table 2). When
we compared RFS according to the duration of MMDT,
patients with a shorter duration of MMDT showed sig-
nificantly shorter RFS (p < 0.001; Fig. 1a). A high total T3/
fT4 ratio ( ≥120) at ATD withdrawal was associated with
relapse (HR, 2.29; 95% CI, 1.31–3.97; p= 0.003; Table 2),
and it was independently associated with relapse in multi-
variate analysis (HR, 2.43; 95% CI, 1.36–4.34; p= 0.002;
Table 2). Patients who had a high T3/fT4 ratio at ATD
withdrawal demonstrated significantly shorter RFS (p=
0.006, Fig. 1b). There were no significant associations
between GD relapse and age, sex, the presence of TAO, the
degree of goiter, 99m-Tc uptake on thyroid scans, total ATD
therapy duration, initial thyroid function test, or titer of TBII
at ATD withdrawal.

Prediction of relapse by risk stratification

In multivariate analysis with a Cox proportional hazard
model, the duration of MMDT (<6 months) and the T3/fT4
ratio at ATD withdrawal were significantly correlated with
relapse of GD (Table 2). The duration of MMDT and the
T3/fT4 ratio at ATD withdrawal were combined to stratify
the patients into four groups as follows: low-risk group,
longer duration of MMDT (≥6 months) and low T3/fT4
ratio < 120; intermediate-risk group 1, longer duration of
MMDT (≥6 months) and high T3/fT4 ratio ≥ 120;
intermediate-risk group 2, shorter duration of MMDT

(<6 months) and low T3/fT4 ratio < 120; and high-risk
group, shorter duration of MMDT (<6 months) and high T3/
fT4 ratio ≥ 120. The likelihood of relapse was greater in the
high-risk group (HR, 5.81; CI, 2.52–13.40; p < 0.001),
intermediate group 1 (HR, 2.46; CI, 1.02–5.94; p= 0.04),
and intermediate group 2 (HR, 3.19; CI, 1.32–7.70; p=
0.01) than in the low-risk group (Table 3). There was a
significant difference in RFS between the four groups (p <
0.001; Fig. 2a); however, only a modest difference was
observed between intermediate groups 1 and 2 (HR, 2.46;
CI, 1.02–5.94; p= 0.04 and HR, 3.19; CI, 1.32–7.70; p=
0.01, respectively). We considered it reasonable to reclas-
sify patients into three groups according to the numbers of
the two risk factors. Consequently, among the three groups,
the intermediate-risk (HR, 2.77; CI, 1.26–6.13; p < 0.001)
and high-risk (HR, 5.81; CI, 2.52–13.40; p < 0.001) groups
showed a significantly higher risk of relapse than the low-
risk group (Table 3). There was also a significant difference
in RFS between the three groups (p < 0.001; Fig. 2b).

Eight of 51 patients (15.7%) in the low-risk group
relapsed. Only three of them had positive TBII titers at the
time of ATD withdrawal and the remaining five patients
relapsed despite negative TBII titers at withdrawal. In high-
risk group, 18 patients (64.3%) relapsed with GD. Eleven of
these patients had positive TBII titers at the time of ATD
withdrawal, but seven patients relapsed despite negative
TBII titers at withdrawal.

Discussion

This study evaluated the clinical outcomes of 149 GD
patients who achieved remission after treatment with ATDs
during a median of 6 years follow-up. About 35% of
patients experienced GD relapse after ATD withdrawal. We
demonstrated that a prolonged MMDT (≥6 months) was
associated with a lower relapse rate after ATD therapy.
Furthermore, we found that the T3/fT4 ratio at ATD with-
drawal was significantly lower in patients without relapse,
which suggested that a higher T3/fT4 ratio at the time of
ATD withdrawal might be indicative of active GD. Our
findings suggested that the T3/fT4 ratio at ATD dis-
continuation was a more sensitive marker for the activity of
stimulating antibodies than the TRAb titer. Our risk strati-
fication using these two risk factors may be useful when
physicians are making a decision regarding ATD with-
drawal to minimize the recurrence of GD.

The selection of first-line treatment for GD remains
controversial. The recent American Thyroid Association
(ATA) guidelines recommend that physicians select treat-
ment options among ATD therapy, RAI ablation, and sur-
gery, taking into account availability and cost [1]. Several
studies suggested that ATD therapy might be useful for the
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Table 2 Clinical factors
associated with relapse in
patients with GD who achieved
the initial remission with ATD
treatment

Univariate Multivariate

HR 95% CI p value HR 95% CI p-value

Age at diagnosis 0.98 0.96–1.00 0.10 NA

Male sex 1.22 0.69–2.18 0.48 NA

Goiter size

Non-visible Ref

Visible 1.55 0.86–2.77 0.14

Large 1.83 0.68–4.94 0.23

Thyroid-associated orbitopathy 0.59 0.26–1.37 0.22

ATD

Methimazole Ref

Carbimazole 1.12 0.61–2.94 0.13

Propylthiouracil 2.37 0.78–7.21 0.72

Thyroid function test at diagnosis

Total T3 (nmol/L) 1.00 0.99–1.00 0.94

Free T4 (pmol/L) 0.97 0.73–1.31 0.88

TSH (mIU/L) 0.42 0.01–29.54 0.69

TBII (IU/L) 1.00 0.98–1.03 0.76

Total T3/free T4 ratio 1.00 0.99–1.01 0.79
99m-Tc scan uptake at diagnosis (%) 1.01 0.92–1.08 0.67

Duration of ATD treatment

Duration of total treatment <16 months 1.71 0.94–3.09 0.07

Duration of minimum maintenance treatment
<6 monthsa

3.33 1.54–7.20 0.002 2.58 1.47–4.52 <0.001

Thyroid function test at ATD withdrawal

TBII > 1.5 (IU/L) 1.20 0.67–2.16 0.54

Total T3/free T4 ratio > 120b 2.29 1.31–3.97 0.003 2.43 1.36–4.34 0.002

Bold values used to emphasize statistically significance. GD Graves’ disease, ATD antithyroid drug, HR
hazard ratio, CI confidence interval, Ref reference, NA not applicable, T3 tri-iodothyronine, T4 thyroxine,
TSH thyroid-stimulating hormone, TBII thyrotropin-binding inhibitory immunoglobulin, 99m-Tc Technetium
ap < 0.05, The optimum cutoff point for duration of minimum maintenance treatment <6 months using
receiver operating characteristic (ROC) curve analysis(area under the curve [AUC]= 0.66)
bp < 0.05, The optimum cutoff point for total T3/free T4 ratio was 120 mIU/L (AUC= 0.62) using ROC
curve analysis

Fig. 1 Comparison of relapse-free survival (RFS) in patients with GD
who underwent antithyroid drug (ATD) treatment and achieved initial
remission after ATD withdrawal. a The RFS curves according to the

duration of minimum maintenance dose therapy. b The RFS curves
according to the T3/freeT4 ratio at ATD withdrawal
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treatment of hyperthyroidism [9, 34]. Recently, the effec-
tiveness of ATDs was proven by favorable clinical out-
comes in relapsed patients during a second course of ATD
therapy [22]. However, 50% of reported relapses occurred
within 1 year of ATD withdrawal, and more than 90% of
relapses occurred within 4 years [8, 22]. Higher relapse
rates were reported for ATD therapy compared with RAI
ablation; therefore, it is valuable to predict and make efforts
to decrease the relapse rate in patients treated with ATDs
[5]. Based on previous data, multiple risk factors for relapse
have been suggested, including young age, male sex, large
goiter, TAO, and TBII titer at diagnosis and ATD with-
drawal; however, we were unable to find a significant

association between several clinical factors and relapse in
this study.

In general, the optimal duration of ATD therapy is
reported to be between 12 and 18 months [1, 10]. How-
ever, the total duration of ATD was not a significant
factor predicting relapse of GD in our study. Only longer
duration (≥6 months) of MMDT showed a marked asso-
ciation with a lower relapse rate. This finding is in
agreement with that of a previous Japanese study invol-
ving 107 GD patients [31]. Another study where the
minimum dose of ATD (methimazole 2.5–7.5 mg) was
maintained over 5 years showed that long-term main-
tenance of the minimum dose of ATDs was more effec-
tive than RAI therapy [5]. Based on these results,
prolonged maintenance of the minimum dose of ATDs in
patients with normal thyroid function may be associated
with low activity of GD [31]. In addition, Laurberg et al.
hypothesized that remission of GD during ATD therapy
may be linked to the recovery of immunologic regulation
with restoration of the euthyroid state [35]. Therefore,
extended maintenance of the minimum dose of ATDs
could be helpful to achieve remission by prolonging a
euthyroid state.

The issue as to when to withdraw ATD therapy remains
unresolved. The ATA guidelines recommend that TRAb be
measured prior to ATD withdrawal and that ATD should only
be discontinued after confirmation of normal levels of TRAb
[1]. GD is an autoimmune disorder in which TRAb stimulates
the thyroid gland and causes hyperthyroidism [1, 25]. The
titers of TRAb at diagnosis or ATD withdrawal are known to
be indicative of disease activity in GD [12, 19]. However, the
role of TRAb levels as a predictor of clinical outcomes of
ATD therapy has been controversial. TRAb values in some
patients who experienced recurrence of hyperthyroidism after

Table 3 The relative risk of relapse by duration of minimum
maintenance dose therapy and T3/fT4 ratio at ATD withdrawal

Risk of relapse HR 95% CI p value

Low Ref

Intermediate 1 2.46 1.02–5.94 0.04

Intermediate 2 3.19 1.32–7.70 0.01

High 5.81 2.52–13.40 <0.001

Low Ref

Intermediate 2.77 1.26–6.13 <0.001

High 5.81 2.52–13.40 <0.001

T3 tri-iodothyronine, fT4 free thyroxine, ATD antithyroid drug, HR
hazard ratio, CI confidence interval, Ref reference

Low risk: patients with a minimum maintenance dose therapy
(MMDT) duration of ≥6 months and a T3/fT4 ratio <120;
Intermediate-risk 1: patients with an MMDT duration of ≥6 months
and a T3/fT4 ratio ≥120; Intermediate-risk 2: patients with an MMDT
duration of <6 months and a T3/fT4 ratio <120; High risk: patients
with an MMDT duration of <6 months and a T3/fT4 ratio ≥120;,

Intermediate risk: patients with an MMDT duration of ≥6 months and
aT3/fT4 ratio < 120 or vice versa

Fig. 2 Comparison of the RFS curves between the risk-stratified
groups according to the duration of minimum maintenance dose
therapy (MMDT) and the T3/free T4 (fT4) ratio. a Four-group stra-
tification: Low risk, patients with an MMDT duration of ≥6 months
and a T3/fT4 ratio <120; Intermediate-risk 1, patients with an MMDT
duration of ≥6 months and a T3/fT4 ratio ≥120; Intermediate-risk 2,
patients with an MMDT duration of <6 months and a T3/fT4 ratio

<120; High risk, patients with an MMDT duration of < 6 months and a
T3/fT4 ratio ≥120. b Three-group stratification: Low risk, patients with
an MMDT duration of ≥ 6 months and a T3/fT4 ratio <120; Inter-
mediate risk, patients with an MMDT duration of ≥6 months and aT3/
fT4 ratio <120 or vice versa; High risk, patients with an MMDT
duration of <6 months and a T3/fT4 ratio ≥120
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ATD withdrawal remained high. This was supported by a
study in mice that found that excessive autoantibody stimu-
lation decreases the sensitivity of the thyroid gland to TRAb
by downregulating TSH receptors [36]. This might be caused
by a change in thyroid gland responsiveness to TRAb as a
result of the progression of cell-mediated autoimmune
destruction during the natural course of GD [19]. Another
possible explanation is that the nature of the antibody is
changed after long-term ATD therapy. Although these TRAbs
were measurable, they are functionally different and not
associated with clinical or biochemical hyperthyroidism [37].
On the contrary, some patients who relapsed with GD did not
show TBII positivity. One explanation is that the sensitivity of
second-generation TBII assays is still too low to identify
minute amounts of antibodies. The second explanation is that
the production of TRAb is still confined to the thyroid gland
and adjacent lymph nodes without spill-over of antibodies
into the circulation and, therefore, TRAbs are unmeasurable
in serum [38]. Hence, TBII has limited value to predict GD
relapse by seroconversion of TRAbs at the time of ATD
discontinuation.

In the euthyroid state, around 80% of circulating T3
originates from peripheral deiodination from T4, but only
20% of circulating T3 is secreted by the thyroid gland [39].
Whereas, in the pathological state, a relatively higher
fraction of T3 is secreted by the thyroid gland [40]. The
mechanisms for this was proposed to be the higher T3
content in thyroglobulin [41], or the enhanced deiodination
of T4 to T3 by iodothyronine deiodinase in the hyperactive
thyroid gland [42]. In previous studies, the T3/T4 ratio at
diagnosis was suggested to be a useful marker in the
diagnosis of GD differentiating destructive thyrotoxicosis
[43] and the ratio throughout treatment periods was sig-
nificantly associated with clinical outcomes in GD [44]. In
our study, the T3/fT4 ratio was a sensitive marker for the
determination of disease activity, and a lower T3/fT4 ratio
at ATD withdrawal was independently associated with a
lower relapse rate after ATD therapy. This suggests that a
low T3/fT4 ratio at the time of ATD withdrawal reflects
lower disease activity of GD, leading to higher remission
rates. Further studies are needed to determine the
mechanism responsible; however, the TBII titer during the
course of ATD therapy was not correlated with the clinical
outcome in this study. The exclusion of patients with
severe GD who did not achieve remission following ATD
therapy from this study could be a cause of this dis-
crepancy. Patients with a high titer of TBII might be treated
by RAI or surgery. Therefore, our findings apply to specific
clinical settings after the achievement of remission with
ATD for Graves’ hyperthyroidism.

This study has some limitations as a result of its retro-
spective design and consequent dependence on medical
records. First, the evaluation of variables such as goiter and

TAO may be somewhat subjective as their description
depends on the examining physician’s experience and
background. The evaluation of goiter size by ultrasound or
grading of TAO by validated scoring systems would pro-
vide more objective information. Second, the reproductive
history during the follow-up period after ATD dis-
continuation was not available and the effect of pregnancy
and postpartum on relapse could therefore not be evaluated.
Third, we were unable to apply the fT3/fT4 ratio because
our center measured only total T3 when evaluating thyroid
function. Fourth, there might be selection bias because we
included patients who maintained a euthyroid state for more
than one year after ATD discontinuation to define risk
factors for relapsing disease rather than persistent disease.
Our study was therefore not representative of the whole
spectrum of GD patients who were treated with ATDs.

This study was conducted in Korea which is a repre-
sentative of an iodine-sufficient area. Previously, several
studies suggested that increasing dietary iodine adversely
influenced the effectiveness of ATDs [45, 46]. Although we
did not evaluate the iodine intake of this study cohort,
according to other recent reports, excessive iodine intake
did not have an effect on the clinical outcomes of GD
hyperthyroidism in an iodine-replete area [47, 48]. There-
fore, the effect of excessive iodine intake on clinical out-
comes in this study cohort would be negligible.

This study found that prolonged MMDT with ATDs for
more than 6 months was associated with a lower rate of GD
relapse. Moreover, the T3/fT4 ratio at ATD withdrawal was
an independent predictor of GD relapse. On the basis of
these results, it would be advisable for physicians to pro-
long the minimum dose of ATD and to confirm that the T3/
fT4 ratio is low before ATD withdrawal to reduce the risk
of relapse in GD patients who achieved initial remission
after ATD therapy for hyperthyroidism.
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