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Graves’ disease is associated with thyrotropin (TSH) receptor stimulating antibody, for which there is no therapeutic agent. This dis-
ease is currently treated through inhibition of thyroid hormone synthesis or destruction of the thyroid gland. Recurrence after anti-
thyroid drug (ATD) treatment is common. Recent studies have shown that the longer is the duration of use of ATD, the higher is the
remission rate. Considering the relationship between clinical outcomes and iodine intake, recurrence of Graves’ disease is more
common in iodine-deficient areas than in iodine-sufficient areas. lodine restriction in an iodine-excessive area does not improve the
effectiveness of ATD or increase remission rates. Recently, Danish and Korean nationwide studies noted significantly higher preva-
lence of birth defects in newborns exposed to ATD during the first trimester compared to that of those who did not have such expo-
sure. The prevalence of birth defects was lowest when propylthiouracil (PTU) was used and decreased by only 0.15% when methim-
azole was changed to PTU in the first trimester. Therefore, it is best not to use ATD in the first trimester or to change to PTU before

pregnancy.
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INTRODUCTION

Graves’ disease is the most common cause of hyperthyroidism
and is distinguished from thyroiditis, which is caused by release
of preformed thyroid hormones into the blood. In Korea,
Graves’ disease accounts for more than 90% of hyperthyroid-
ism, followed by thyroiditis. Unlike in Western counties, toxic
adenoma and toxic multinodular goiter are extremely rare in
Korea. The annual incidence of hyperthyroidism in Korea was
72 cases per 100,000 persons (men 40, women 103), and its
prevalence was 340 cases per 100,000 persons (men 209, wom-
en 470) [1].

Graves’ disease is an autoimmune disease that results from
complex interactions between genetic and environmental fac-
tors. Thyrotropin (TSH) receptor stimulating antibody (TRADb),

which is not present in healthy individuals, continuously stimu-
lates thyroid follicular cells in those with Graves’ disease. Ulti-
mately, this leads to excessive production of thyroid hormone
and enlargement of the thyroid gland [2]. There is no therapeu-
tic modality targeting TRAb, and the current treatment inhibits
thyroid hormone synthesis or destroys the thyroid gland. For
this reason, recurrence is common after antithyroid drug (ATD)
treatment, the primary therapy for Graves’ disease. Sundaresh et
al. [3] analyzed recurrence after treatment of 1,402 patients with
Graves’ disease from eight studies. The recurrence rate after
stopping ATD was 53%, which was significantly higher than
that after radioactive iodine (RAI) treatment (15%) or surgery
(10%) [3].

Graves’ disease tends to cycle over time, like other autoim-
mune diseases. Although spontaneous remission is rare in un-
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treated patients, it has been reported [4,5]. Untreated or uncon-
trolled hyperthyroidism has adverse effects on quality of life
and can lead to many complications and death [6-11]. Recently,
Kim et al. [12] conducted a nationwide cohort study to compare
the incidence and mortality of myocardial infarction and stroke
between patients with hyperthyroidism and a control cohort us-
ing the Korean National Health Insurance database. They re-
ported that hyperthyroidism significantly increased the risk of
myocardial infarction and ischemic stroke, not hemorrhagic
stroke, independent of other cardiovascular risk factors, and that
it was prominent in patients older than 50 years, women, and
non-obese patients. Hyperthyroidism accelerates atherosclerosis
by endothelial dysfunction, thyroid autoimmunity, and hyperco-
agulability [13-15].

OPTIMAL TREATMENT MODALITY OF
GRAVES’ DISEASE: INITIAL OR AT
RECURRENCE

The initial treatment of Graves’ disease involves either ATD or
RAI and surgery. There is no optimal treatment, and the choice
depends on physician and patient preferences, comorbidities,
surgical expertise, medical cost, and social regulation of RAIL In
the past, RAI therapy was the most common choice of initial
treatment in the United States, while ATD was preferred in Eu-
rope and Japan [16,17]. However, the preference for treatment
modality in the United States has changed recently, with ATD
treatment becoming the most common at 58%, followed by
RAI treatment at 35% [18]. In 1992, Cho and Koh [19] translat-
ed a global questionnaire on the initial treatment of Graves’ dis-
ease and asked endocrinologists in Korea. The data showed that
97% of Korean endocrinologists chose ATD therapy and 3%
chose RAI therapy as the initial treatment for Graves’ disease.
In 2013, Seo et al. [1] analyzed the medicare claims data using
the Korean National Health Insurance database. They reported
that 98% of patients received ATD therapy, 8.2% received RAI
treatment, and 0.9% received surgery as a treatment modality
for Graves’ disease. Regarding choice of modality, therapeutic
guidelines in most countries recommend that physician and pa-
tient collaborate on the decision after discussing the mechanism,
strengths and weaknesses, duration, side effects, and costs of
each treatment. Abraham-Nordling et al. [7] reported that there
was no difference in long-term quality of life of the three treat-
ment modalities.

Twenty years after the first report in 1992, the Korean Thy-
roid Association (KTA) conducted a similar survey and pub-
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lished its results in 2013 [20]. Regarding treatment for recur-
rence, 47% of respondents chose ATD therapy, 48% RAI thera-
py, and the remaining 5% surgery. In case of recurrence, four
factors must be considered that differ from the initial selection
[21]. First, many physicians have thought that repeated ATD
treatment will result in poor outcomes in case of recurrence.
However, a recent Korean study reported a different result [22].
Kim et al. [22] compared the recurrence rates of Graves’ pa-
tients who were receiving ATD treatment for the first time with
those who received it two or more times. They reported that the
10-year recurrence rate was highest after the third ATD course
(71.4%) compared with that after the first (60.5%) and second
(58.3%) courses. Considering that poor compliance is the most
common cause of ATD treatment failure, proper drug use must
be emphasized at initiation of the second course [23]. If relapsed
patients with Graves’ disease have ophthalmopathy or refuse an
ablative treatment, prolonged low-dose methimazole (MMI)
treatment is an alternative [24]. Second, any accompanying dis-
ease should be considered before retreatment. In patients with
severe comorbidities, such as ischemic heart disease, arrhyth-
mia, and stroke, the accompanying disease can worsen with de-
terioration of thyroid function during retreatment. Therefore,
such patients are encouraged to undergo immediate ablative
treatment. Third, if the risk factors of recurrence remain uncor-
rected, such as huge goiter or high TRAD, ablative treatment
should be considered. Fourth, if quality of life has deteriorated
or daily activity is reduced for a long time due to frequent dete-
rioration and recurrence, ablative treatment might be preferred,
even in young patients.

Several clinical factors, such as male, young age, severe hy-
perthyroidism, high TRAD before or after treatment, ophthal-
mopathy, and smoking, have been proposed for predicting poor
prognosis after ATD therapy. However, evaluation of these
prognostic factors differs by study. This inconsistency might be
due to differences in study groups, treatment protocols, defini-
tions of remission or recurrence, or follow-up periods. There-
fore, these prognostic factors have a low predictive value and
are limited for application in clinical practice. In 2016, Vos et al.
[25] conducted a prospective study to design a predictive score,
called Graves’ Recurrent Events After Therapy (GREAT) score,
by combining the four independent risk factors of age, free thy-
roxine level, TRAD titer, and goiter size for use especially in re-
current Graves’ disease. The accuracy of predicted remission
with GREAT class I (score 0—1) was 84%, class II (score 2-3)
was 56%, and class III (score 4-6) was 32%. Therefore, ATD
treatment was recommended for patients in class I, while RAI
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treatment was recommended for patients in class III. For pa-
tients in class II, treatment should be chosen based on additional
results of genotyping (human leukocyte antigen [HLA]-
DQBI1-02, DQA1-05, DRB1-03, and protein tyrosine phospha-
tase, non-receptor type 22 [PTPN22] C/T). In addition, the ac-
curacy of GREAT score might be improved by performing the
TRAD test with a bioassay instead of radioimmunoassay [26,
27].

OPTIMAL DURATION OF ANTITHYROID
DRUG TREATMENT

TRAD plays a pathogenic role in Graves’ disease by directly
stimulating the thyroid gland. Though Graves’ disease can be
cured theoretically by removal of TRAD, no such treatment has
been developed. Although ATD does not interrupt the develop-
ment of TRAb or promote its elimination, serum TRAD titer de-
creases in some patients during ATD treatment. This decrease is
independent of the type or dose of ATD and varies in extent
[28,29]. A previous study suggested that loss of TRAb might
not guarantee long-term remission because reemergence can oc-
cur when the disease recurs [30]. Considering this observation,
remission of Graves’ disease after ATD treatment is more likely
to be natural rather than due to ATD [31,32].

The long-term remission rate after ATD treatment in patients
with Graves’ disease is approximately 50%, ranging from 30 to
70% [3,33]. Recurrence is common within 1 year after stopping
ATD [34-37]. Therefore, maintenance of thyroid function at 1
year after stopping ATD is usually defined as remission. The re-
mission rate after ATD treatment differs by region and country,
and is mainly associated with duration of its use. In the United
States, the remission rate was 20% to 30% after ATD treatment
for 12 to 18 months, whereas that in Europe was 50% to 60%
for 5 to 6 years of use [38,39]. Abraham et al. [40] performed a
meta-analysis and reported that the remission rate did not in-
crease with ATD used after 18 months. In a Cochrane review of
26 randomized clinical trials with a total of 3,388 patients, the
1-year recurrence rate after stopping ATD was 51% and 54%
for block-replace and dose titration, respectively [41]. The re-
view suggested that the optimal duration of ATD treatment was
12 to 18 months. Based on these reports, the recommended du-
ration of ATD treatment proposed by the American Thyroid As-
sociation (ATA) is 12 to 18 months. However, Azizi et al.
[42,43] performed a meta-analysis and a prospective study that
both showed duration of ATD treatment to be positively associ-
ated with remission rate. Konishi et al. [44] recommended MMI
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treatment at a minimum maintenance dose of 2.5 mg/day for at
least 6 months after normalization of serum TSH concentration.
A recent Korean study demonstrated that the longer that ATD
therapy was used, the lower the relapse rate was in patients with
Graves’ disease, and ATD treatment duration was an indepen-
dent risk factor for relapse [45]. It showed the relapse rate ac-
cording to ATD treatment duration was 42.4% at 1 year, 38.5%
at 2 years, 33.8% at 3 years, 31.7% at 4 years, 30.2% at 5 years,
27.8% at 6 years, and 19.1% at more than 6 years, respectively
(P=0.003). Bandai et al. [46] reported a plateau in remission
rate after ATD treatment for approximately 6.8 years. After 5
years of use, the probability of remission was only 20% when
TRADb was still positive but increased to 89% when TRAb was
disappeared. Considering that the adverse effects of ATD are
proportional to the administered dose, there is little concern
about adverse effects from long-term, low-dose maintenance
therapy. The reported frequency of severe adverse effects in
such conditions was 1.5% [42].

The ATA suggests that MMI treatment is stopped when serum
TSH level is normalized, and that the TRAD titer is measured
before stopping ATD. If TRAD is not detectable, the likelihood
of remission increases [47]. The ATA recommends that ATD is
stopped when serum TSH level is normalized even if the TRADb
titer is high. However, due to the high recurrence rate under this
condition, more frequent thyroid function tests are recommend-
ed. Contrary to the ATA recommendations, most Korean endo-
crinologists considered it more important that TRAb became
negative before stopping ATD, resulting in an ATD treatment
period longer than 18 months. Based on the treatment principles
for hyperthyroidism suggested by the KTA, most Korean endo-
crinologists continue ATD treatment until achieving a target of
normalized serum TSH and negative TRAD [20].

OPTIMAL FOLLOW-UP DURATION AFTER
STOPPING ANTITHYROID DRUG

A Swedish study demonstrated that half of the relapses occurred
within 6 months and two-thirds occurred within 1 year after
stopping ATD [33]. It suggested excellent long-term prognosis
without recurrence after 4 years. A more recent Korean study
noted that 50% of the recurrences developed within 1 year after
stopping ATD, and more than 90% of the recurrences were ob-
served within 4 years [22]. Considering these results, it is advis-
able to follow patients for at least 1 and up to 4 years after stop-
ping ATD.
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IODINE INTAKE DURING TREATMENT OF
GRAVES’ DISEASE

The relationship between iodine intake and effects of ATD on
Graves’ disease has been demonstrated in many studies since
the 1980s. In 1985, an epidemiological study in Iran reported
that patients with Graves’ disease in an iodine-sufficient area
showed resistance to ATD and more frequent recurrence [48]. In
1987, Solomon et al. [49] reported that the remission rate was
associated with decreased iodine intake, and high iodine intake
adversely influenced the effectiveness of ATD. In 1993, Roti et
al. [50] reported that some euthyroid patients with a history of
ATD treatment for Graves’ disease develop thyroid dysfunction
during and after excessive iodine intake. However, in recent
years, different results from previous studies have been pub-
lished. In 2011, Pramyothin et al. [51] reported that recurrence
of Graves’ disease occurred more frequently in iodine-deficient
areas than in iodine-sufficient areas. A high relapse rate up to
67.5% after stopping ATD has been reported in Copenhagen,
Denmark, in which the iodine intake is relatively low compared
to other countries [52].

Although a previous study has shown significantly increased
titer of thyroid autoantibodies after iodine supply in an iodine-
deficient area, recent experimental studies showed the opposite
results [53-55]. Two experimental studies have revealed that io-
dine in the thyroid gland regulates the expression of thyroid-
specific proteins via negative feedback, indicating that restricted
iodine intake would increase the expression of these specific
proteins, enhance thyroid hormone synthesis, and lead to a more
severe autoimmune response [54,55].

A recent prospective study in China compared treatment out-
comes of ATD in Graves’ patients with iodine supplementation
(urinary iodine concentration [UIC], 135 to 162 pg/L) with
those of patients with iodine restriction (UIC 30 to 58 ug/L)
[56]. The recurrence rate within 12 months after stopping ATD
was significantly lower in the iodine supplementation group
than in the iodine-restricted group (35.5% vs. 45.5%). Interest-
ingly, the median titer of TRAbD in the iodine-supplementation
group gradually decreased from 26.8 mU/L at the beginning of
treatment to 1.6 mU/L at 24 months, whereas that in the iodine-
restricted group decreased from 25.9 to 6.5 mU/L, but the de-
gree showed a significant difference (P<0.001). They suggested
that optimal dietary iodine supplementation during ATD therapy
for Graves’ disease was associated with lower recurrence rates
than iodine restriction. Recently, the relationship between iodine
intake and clinical outcomes of Graves’ disease in an iodine-ex-
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cessive area has been demonstrated. In 2006, a prospective ran-
domized controlled study in Japan reported that iodine restric-
tion does not ameliorate the effect of ATD therapy on Graves’
disease in an iodine-excessive area [57]. They attributed this re-
sult to unique dietary habit in the Japanese population and pos-
tulated that the thyroid gland probably has a large reservoir of
preformed thyroid hormones. Subsequently, in 2015, a Korean
study demonstrated that excessive iodine intake does not in-
crease the recurrence rate of Graves’ disease after stopping ATD
[58]. Remission rate in the excessive iodine intake group (UIC
=300 pg/L) did not differ from that of the average iodine intake
group (UIC <300 pg/L). This suggested that iodine restriction
might not be necessary during ATD treatment for Graves’ dis-
ease in iodine-excessive areas. The amount of iodine intake
might not alter the intrinsic regulatory mechanism of thyroid
hormone synthesis, especially in the environment of chronic ex-
posure to sufficient dietary iodine [58].

In conclusion, recurrence of Graves’ disease is more common
in iodine-deficient areas. Therefore, sufficient iodine supply is
needed to lower the recurrence rate in iodine-deficient areas. In
addition, iodine restriction does not improve the effectiveness of
ATD or increase remission rate, and iodine restriction might not
be necessary during ATD treatment in iodine-excessive areas.

ANTITHYROID DRUGS DURING
PREGNANCY AND BIRTH DEFECTS

ATD is a mainstay for treatment of hyperthyroidism during
pregnancy. The therapeutic effects of propylthiouracil (PTU),
MMI, and carbimazole (CMZ) are the same as a treatment mo-
dality for hyperthyroidism during pregnancy [59]. Since all
ATDs pass through the placenta during pregnancy, they can
cause problems with organogenesis, especially in the first tri-
mester [60]. In 2009, concern of a rare but fatal PTU-induced
hepatotoxicity was raised [61,62]. The U.S. Food and Drug Ad-
ministration (FDA) and the ATA recommended PTU use only in
the first trimester, switching to MMI by the second trimester
[63,64]. However, this recommendation had potential problems
that overlooked other adverse effects from both drugs.

In 2013, a Danish nationwide study reported that all ATDs
used during early pregnancy were significantly associated with
birth defects (PTU 8.0%, MMI/CMZ 9.1%, both 10.1%, no
ATD 5.4%, non-exposed 5.7%) [65]. In 2019, the group repeat-
ed their study with a larger number of subjects and reported
similar results (PTU 8.3%, MMI/CMZ 9.6%, non-exposed
6.7%) [66]. They also reported that abnormal maternal thyroid
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function was not a major risk factor for birth defects.

Recently, a Korean nationwide study using the Korean Na-
tional Health Insurance database was conducted to examine the
association between ATD used during the first trimester and
birth defects in 2,885,000 pregnant women [67]. The study re-
ported that the prevalence of birth defects in newborns exposed
to ATDs during the first trimester was significantly higher than
that of those who did not (PTU 7.04%, MMI 8.13%, both
7.98%, no ATD 5.94%). The use of PTU during the first trimes-
ter lowered the prevalence of birth defects by 1.1% compared to
the use of MMI, but even if the MMI was changed to PTU dur-
ing the first trimester, the prevalence of birth defects was only
reduced by 0.15% compared to the case of continued use of
MMI (Table 1). This study also suggested that PTU was associ-

EnM

ated with musculoskeletal and urogenital defects, while MMI
was associated with defects of nervous, circulatory, and diges-
tive systems and MMI embryopathy. Birth defects occurred
from the onset of PTU use, and there was no difference in prev-
alence of birth defects by dose or duration of PTU. On the other
hand, birth defects caused by MMI occurred at a low frequency
with use of a small dose but increased abruptly with duration of
use of 1.5 months or more or at a dose of 495 mg or greater
(Fig. 1). They concluded that it is best not to use ATDs in the
first trimester, followed by changing to PTU before pregnancy.
If MMI is unavoidable in the first trimester, it is recommended
to use a cumulative dose less than 495 mg for fewer than 1.5
months.

Thyroid Drugs during the First Trimester

Table 1. Absolute Risk Differences and Odds Ratios for Overall Birth Defects in Pregnancies in Which Women Were Prescribed Anti-

Antithyroid drugs Pregnancy Birth defects, 7 (%) Risk differences® (95% CI) Odds ratio® (95% CI) P value
Continued MMI alone 909 70 (7.70) 0 (reference) 1.00 (reference)
MMI to PTU 2,079 166 (7.98) 3.97 (-16.82 t0 24.76) 1.06 (9.79 to 1.42) NS
Both MMI & PTU 250 19 (7.60) 0.82 (—36.63 t0 38.28) 1.01 (0.60 to 1.72) NS
Continued PTU alone 5,184 357 (6.89) 0 (reference) 1.00 (reference)
PTU to MMI 158 18 (11.39) 47.26 (-3.04 t0 97.57) 1.79 (1.08 t0 2.97) 0.024
Both MMI & PTU 250 19 (7.60) 9.32 (-24.91 t0 43.55) 1.15(0.71 to 1.86) NS

years, multiple pregnancies, and infant sex.

Adapted from Seo et al. [67], with permission from The American College of Physicians.
CI, confidence interval; MMI, methimazole; PTU, propylthiouracil; NS, not significant.
“Risk difference per 1,000 live births, standardized by maternal age, birth year, multiple pregnancies, and infant sex; *Adjusted for maternal age, birth

Propylthiouracil

Methimazole
P=0.03

122 23-45 46-76 77-98 1-1,850 1,851- 4,201- >8,600 1-26 27-46 47-75 76-98 1-126 127- 261- >495
4,200 8,600 260 495

(A (5]

Fig. 1. The prevalence of birth defects in pregnancies exposed to antithyroid drugs during the first trimester by drug type, duration, and cu-
mulative dose. Birth defects occurred from the onset of propylthiouracil (PTU) use during the first trimester, and the risk for birth defects did
not differ with the duration and cumulative dose of PTU. However, a high cumulative dose of methimazole (>495 mg) during the first tri-
mester was associated with an increased risk for birth defects compared with a low dose (1 to 126 mg) (adjusted odds ratio, 1.87; 95% confi-
dence interval, 1.06 to 3.30). Adapted from Seo et al. [67], with permission from The American College of Physicians.

Duration (day) Cumulative dose (mg) Duration (day) Cumulative dose (mg)
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CONCLUSIONS

Recurrence after ATD treatment for Graves’ disease is common.
Recent studies have demonstrated that the longer is the duration
of use of ATD, the higher is the remission rate. Recurrence of
Graves’ disease is more common in iodine-deficient areas than
in iodine-sufficient areas. lodine restriction in an iodine-exces-
sive area is not necessary to improve the effectiveness of ATD
or increase remission rates. Recent two nationwide studies
showed higher prevalence of birth defects in newborns exposed
to ATD during the first trimester compared to that of those who
did not have such exposure. It is best not to use ATD in the first
trimester or to change to PTU before pregnancy.
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