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Abstract

Background: The efficacy of methimazole (MMI) combined with 
potassium iodine (KI) therapy as an initial treatment of Graves’ dis-
ease (GD) is reported in an area of excessive iodine intake. How-
ever, transient aggravation of thyroid function after cessation of KI 
is often observed. Therefore, we evaluated the factors related with 
transient aggravation after cessation of KI in GD patients treated 
with MMI and KI therapy.

Methods: This was a retrospective chart review. Seventy-three 
GD patients were enrolled in this study. Subjects were divided into 
two groups. Subjects with transient aggravation were group A, and 
those without transient aggravation were group B. Between two 
groups, possible factors were evaluated. Standardized assays were 
used to measure TSH, free T4 (FT4), free T3 (FT3) and thyrotropin-
binding inhibitor immunoglobulin (TRAb). Ultrasonography was 
used to estimate thyroid volume.

Results: Fisher’s exact test or Mann-Whitney U test revealed that 
“firstly adjusted drugs”, “the duration of FT4 normalization from 
initiation of medication to correction of FT4 to normal range” and 
“adoption of simultaneous reduction of both MMI and KI” are sig-
nificant factors. In addition, the latter two factors stayed significant 
even by multiple logistic regression analysis.

Conclusion: Our study suggested that the methods of drugs’ adjust-
ment and “the duration from initiation of medication to normal-

ization of thyroid hormone” may be significant factors of transient 
aggravation after cessation of KI. It may be better not to reduce 
both drugs simultaneously, especially in patients who show the 
relatively shorter duration of normalization of thyroid function.

Keyword: Graves’ disease; Methimazole; Potassium iodine; Tran-
sient aggravation

Introduction

The first-line therapy for Graves’ disease (GD) is antithy-
roid drug (ATD) therapy in many countries [1, 2]. However, 
the various adverse effects are often observed. In particu-
lar, agranulocytosis is the most annoying problem because 
this adverse effect is often life-threatening. Agranulocyto-
sis induced by methimazole (MMI) is well known as the 
dose-dependent adverse effect [3]. In fact, the frequency of 
agranulocytosis by MMI at a dose of 15 mg per day was 
significantly lower than that by MMI at a dose of 30 mg per 
day. Thus, one way to reduce the risk of agranulocytosis by 
MMI is the combination therapy of a relatively small dose 
of MMI and potassium iodine (KI) in the initiation therapy. 
Actually, the administration of KI for GD patients has been 
shown to be one useful therapeutic choice, which can correct 
thyroid function very rapidly. It is well known that adequate 
dose of KI suppresses the release and synthesis of thyroid 
hormone in the thyroid of GD patients [4, 5]. In situations 
that a rapid correction of thyroid function is required, such 
as severe thyrotoxicosis containing thyroid storm and prepa-
ration for urgent thyroidectomy, KI treatment has also been 
reported to be definitely advantageous [6-9].

Under these backgrounds, Takata et al reported that ini-
tial therapy using MMI combined with KI is useful to correct 
thyroid function in GD patients in Japan [10]. In their report, 
when free T4 (FT4) was corrected to the normal range, KI 
was discontinued. After cessation of KI, transient aggrava-
tion of thyroid function was observed in 8.1-9.4% of patients 
[10]. However, little is known about the factors associated 
with the aggravation after cessation of KI. It will be clinical-
ly meaningful if we could predict who are able to continue 
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or discontinue the KI treatment under the combined therapy 
with MMI.

In the present study, we evaluated the factors related 
with transient aggravation of thyroid function after cessation 
of KI in GD patients treated with MMI and KI therapy.

 
Materials and Methods

Subjects

Between April 2010 and December 2012, 565 GD patients 
visited Yamashita Thyroid and Parathyroid Clinic. Of these, 
87 patients received MMI combined with KI therapy as an 
initial treatment, because their concentrations of thyroid 
hormone were extremely high, or their clinical manifesta-
tions associated with thyrotoxicosis were remarkable. Five 
patients who suffered from adverse effects of MMI were 
excluded. Nine patients who had to increase MMI or KI be-
fore first reduction of drugs were also excluded from this 
series. Therefore, 73 patients who could be observed at least 
until thyroid function was corrected to normal range were 
enrolled in this study. The clinical and biochemical profile 
of subjects is shown in Table 1. The diagnosis of GD was 
based on hyperthyroidism (suppressed serum TSH level and 
elevated levels of serum free T3 (FT3) and FT4), thyrotro-
pin-binding inhibitor immunoglobulin (TRAb) positive and/
or increased radioiodine uptake.

Treatment

Both MMI (daily dose of 10 - 20 mg) and KI (daily dose of 
50 mg) were prescribed to these subjects. The dose of MMI 
was decided by each two doctors’ judgment based on con-
centrations of thyroid hormones and thyroid volume. When 
FT4 was corrected to normal range, KI or/and MMI were 
reduced. The dose adjustment of MMI or KI was performed 
by each doctor’s decision based on the results of medical 
examination. When the KI dose was judged to be proper, 50 
mg of KI medication was continued for a while and stopped 
or tapered. In the tapering of KI, the dose was reduced to 25 

mg per day, continued for a while and finally stopped. MMI 
was tapered every 5 mg at the reduction of MMI.

Laboratory measurements

TSH, FT3, FT4 and TRAb were examined using ECLusys 
kit (Roche Diagnostics, Penzberg, Germany). The reference 
ranges were as follows: TSH 0.5 - 5.0 mIU/L, FT3 2.3 - 4.3 
pg/mL and FT4 0.9 - 1.7 ng/dL. TRAb measurement was 
performed using anti-M22 antibody called third generation 
(ECLusys kit; Roche Diagnostics, Penzberg, Germany). The 
reference range of TRAb was below 2.0 IU/L. During the 
follow-up period, measurement of TSH and FT4 was per-
formed every 2 - 4 weeks.

Study Protocol

This was a retrospective chart review. Seventy-three patients 
were divided into the following two groups. Thirty-one pa-
tients (26 male and 5 female) who showed transient aggrava-
tion of thyroid function after cessation of KI were catego-
rized group A, while 42 patients (34 male and 8 female) who 
did not show such aggravation were categorized group B. 
The transient aggravation of thyroid function was defined by 
elevation of serum FT4 and/or FT3 concentration over nor-
mal range 2 - 4 weeks after cessation of KI. Between these 
two groups, we evaluated following factors: gender, age, 
thyroid function (FT4, FT3 and TRAb) and thyroid volume 
before treatment, initial dose of MMI, firstly adjusted drugs 
(MMI or KI), FT4 at first adjustment of drugs, the duration 
from initiation of medication to correction of FT4 to normal 
range, the duration of administration of KI, methods of ad-
justment of KI (tapering or cessation of 50 mg KI without ta-
pering) and adoption of simultaneous reduction of both MMI 
and KI. The volume of each thyroid lobe was calculated by 
following formula: π/6 × width × length × depth. The thyroid 
volume was calculated by sum of the volume of each thy-
roid lobe. In this series, the simultaneous adjustment of both 
MMI and KI at the first drug adjustment was not included. 
Therefore, the first adjustment of drugs was performed by 
only one drug, and the simultaneous reduction of both MMI 

Male:female 13:60
Age 14-67 (median 37)

FT4 before treatment 5.52 ± 1.73 ng/dL

FT3 before treatment 19.50 ± 6.97 pg/mL

Thyroid volume before treatment 27.1 ± 12.5 g

TRAb before treatment 16.0 ± 7.8 IU/L

Table 1. Profile of Subjects (Mean ± SD)
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and KI was performed from the second drug adjustment. In 
addition, these subjects were continued to follow for at least 
3 months after cessation of KI.

Statistical analysis

In these two groups, statistical analysis was performed with 
Fisher’s exact test and Mann-Whitney U test. In addition, 
multiple logistic regression analysis was performed with 
factors showing significant differences by Fisher’s exact test 
and Mann-Whitney U test. These analyses were performed 
by JMP ver.6.0 (SAS Institute Inc.).

 
Results

As shown in Table 2, as to gender, age, FT4, FT3, TRAb, 
thyroid volume before treatment, initial dose of MMI, FT4 
at first adjustment of drugs and the duration of administra-
tion of KI, no statistical difference was observed between 
groups A and B.  However, “firstly adjusted drugs”, “the du-

ration from initiation of medication to correction of FT4 to 
normal range” and “adoption of simultaneous reduction of 
both MMI and KI” showed significant differences between 
these groups by Fisher’s exact test or Mann-Whitney U test 
(Table 2) (P = 0.009, P=0.005, P = 0.011, respectively). The 
reduction of MMI at the first adjustment of drugs and the 
relatively shorter duration from initiation of medication to 
correction of FT4 tended to show transient aggravation of 
thyroid function after cessation of KI (31.2 ± 18.3 vs. 53.9 
± 40.6 days). In addition, patients with simultaneous reduc-
tion of both MMI and KI were more likely to show transient 
exaggeration of thyroid function.

Using above-mentioned three significant factors, mul-
tiple logistic regression analysis was performed. “The dura-
tion from initiation of medication to correction of FT4 to 
normal range” and “adoption of simultaneous reduction” 
significantly contributed to transient aggravation of thyroid 
function after cessation of KI (P = 0.03, P = 0.03, CI 95%). 
However, contribution ratio of this model was 21%. Odds 
ratio of “the duration from initiation of medication to correc-
tion of FT4” was 0.97, and that of “adoption of simultaneous 

Table 2. Results of Statistical Analysis (Mean ± SD)

All factors were evaluated by Fisher’s exact test or Mann-Whitney U test. “Initially adjusted drugs”, “the duration from initiation 
of medication to correction of FT4 to normal range” and “adoption of simultaneous reductions of both MMI and KI” showed 
significant differences between these groups.

Group A Group B P value

Gender (male:female) 26:5 34:8 1.00
Age 35.8 ± 11.9 39.0 ± 12.2 0.23

FT4 before treatment (ng/dL) 5.63 ± 1.72 5.40 ± 1.74 0.64

FT3 before treatment (pg/mL) 20.33 ± 7.14 18.90 ± 6.88 0.48

TRAb before treatment (IU/L) 16.73 ± 8.46 15.39 ± 7.41 0.53

Thyroid volume before treatment (g) 30.13 ± 14.64 24.85 ± 10.19 0.12

Initial dose of MMI (mg) 14.84 ± 1.57 14.17 ± 1.89 0.12

Initially adjusted drugs (MMI:KI) 11:20 4:38 0.009*

FT4 at first adjustment of drugs (ng/dL) 1.36 ± 0.30 1.25 ± 0.38 0.09

The duration from initiation of medication to correction 
of FT4 to normal range (days)

31.2 ± 18.3 53.9 ± 40.6 0.002*

The duration of administration of KI (days) 55.2 ± 36.9 72.4 ± 56.6 0.15

Methods of adjustment of KI (tapering:cessation without 
tapering)

16:15 13:29 0.09

Adoption of simultaneous reductions of both MMI and 
KI (yes:no)

10:21 3:39 0.011*
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reduction” was 2.39 as shown in Table 3.

Discussion
  
KI is often prescribed to patients with severe thyrotoxicosis 
because it can effectively suppress thyroid hormone release 
[5, 7, 11]. However, it is also well known that this effect 
sometimes becomes ineffective during the treatment. Al-
though almost all patients respond initially, about one-third 
respond only partially and remain toxic, and another one-
third respond initially but relapse after about 6 weeks [12]. 
Therefore, KI has been generally prescribed in limited situ-
ations such as preparation for thyroidectomy, treatment after 
radioactive iodine therapy for GD and correction of thyroid 
function of patients suffering from adverse effects of ATDs 
[6, 7, 13, 14]. In addition, iodine administration in combi-
nation with ATDs has been reported to reduce the efficacy 
of ATDs in vitro [15-17]. There are also some reports that 
the combination of ATDs with iodine was not effective and 
KI monotherapy of GD impaired the efficacy of subsequent 
ATDs therapy [18, 19]. Moreover, it is reported that MMI 
more effectively reduces thyroid hormone in GD patients 
living in countries with a moderately low iodine intake, com-
pared with that in those with sufficient dietary iodine intake 
[20]. Considering these backgrounds, in many countries, 
MMI combined with KI therapy is seldom selected as the 
first-line therapy in GD patients. However, in Japan that is 
one of countries with sufficient dietary iodine intake, Takata 
et al reported the efficacy of MMI combined with KI as for 
the initial therapy in GD patients as far as reduction of a side 
effect of ATDs and early hormonal normalization [10]. In 
addition, Kasai et al reported the efficacy of propylthiouracil 
combined with small dose of iodine in the early period of GD 
treatment in Japan [21], and Hiraiwa et al reported that re-
striction of dietary iodine dose not ameliorate the early effect 
of ATD for GD patients in Japan [22]. Therefore, in Japan, 

MMI combined with KI therapy has recently become one of 
significant options for the initial treatments in GD patients. 
However, the protocol of efficient drug reduction without 
the transient aggravation of thyroid function remains to be 
established due to the lack of information for its risk factors. 
In this respect, we evaluated factors in relation with the tran-
sient aggravation of thyroid function after cessation of KI.

Interestingly, Fisher’s exact test or Mann-Whitney U 
test revealed that “firstly adjusted drugs”, “the duration of 
FT4 normalization from initiation of medication to correc-
tion of FT4 to normal range” and “adoption of simultaneous 
reduction of both MMI and KI” are significant factors to dif-
ferentiate groups with (A) and without (B) aggravation of 
thyroid function after cessation of KI. In addition, the latter 
two factors stayed significant even by multiple logistic re-
gression analysis. Usually, it is very difficult to estimate the 
extent of KI contribution to the correction of thyroid func-
tion at the adjustment of drugs. Therefore, the overreduction 
of MMI in the early period of GD treatment might happen in 
the adjustment process of MMI and KI, thus leading to the 
difficulty to maintain euthyroidism. This may be the possible 
speculation for the reason that “simultaneous reduction of 
both MMI and KI” was left as a contribution factor to the 
aggravation of thyroid function after cessation of KI.

Another interesting point in our statistical finding was 
that the shorter the duration of FT4 normalization from ini-
tiation of medication was, the aggravation of the thyroid 
function after cessation of KI tended to occur. In a previous 
study, the group treated with MMI and KI showed more sig-
nificant improvement of thyroid function than the group with 
only MMI at 2 - 4 weeks after the therapy. From 8 weeks 
downward, this significant improvement was not observed 
[10]. These results suggest that KI contributed to normaliza-
tion of thyroid function at the early period of GD treatment. 
In other words, a role of KI for FT4 normalization is limited 
and relatively short. So, collecting together our finding and 
the previous finding [10], the cessation of KI or tapering of 

Table 3. Results of Multiple Logistic Regression Analysis

Contribution 21%. “The duration from initiation of medication to correction of FT4 to normal range” and “adoption of simul-
taneous reductions” significantly contributed to transient aggravation of thyroid function after the cessation of KI by multiple 
logistic regression analysis. However, the proportion contributed by this model was 21%.

Odds ratio CI 95% P value

Initially adjusted drugs 1.82 0.93-3.79 0.09

The duration from initiation of medication to correction 
of FT4 to normal range

0.97 0.94-0.99 0.02*

Adoption of simultaneous reductions of both MMI and 
KI

2.39 1.16-5.73 0.03*
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MMI should be carefully performed especially in subjects 
who show the short duration from initiation of medication to 
FT4 normalization.

There is a report that excess iodine increased thyroid 
volume of GD patient [23]. Iodine, also known as an im-
mune stimulant, may precipitate the onset of autoimmune 
thyroid disease and may be also directly toxic to the thyroid 
epithelial cell [24]. Therefore, a long-term administration of 
KI may not be preferable. The usage of KI in the treatment of 
GD is still controversial and has not been fully established. 
The further study to establish appropriate way for initial 
treatment using MMI and KI is needed and currently under-
going in our institution.

In conclusion, our study suggested that the methods of 
drug adjustment and “the duration from initiation of medica-
tion to normalization of thyroid hormone” may be significant 
factors of transient aggravation after cessation of KI in pa-
tients with GD treated with MMI combined with KI. It may 
be better not to reduce both drugs simultaneously, especially 
in patients who show the relatively shorter duration of nor-
malization of thyroid function.
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