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We report here the cases of two females with Graves’ disease who developed insulin autoimmune syndrome after treatment with
methimazole. The patients exhibited a sudden altered mental state after treatment with methimazole for approximately 4 weeks.
Patients had hypoglycemia with serum glucose below 70 mg/dL, and laboratory findings showed both high levels of serum insu-
lin and high titers of insulin autoantibodies. The two women had never been exposed to insulin or oral antidiabetic agents, and
there was no evidence of insulinoma in imaging studies. After glucose loading, serum glucose, and total insulin levels increased
abnormally. One of the patient was found to have HLA-DRB1%0406, which is known to be strongly associated with methima-
zole-induced insulin autoimmune syndrome. After discontinuation of methimazole, hypoglycemic events disappeared within 1
month. Insulin autoantibody titer and insulin levels decreased within 5 months and there was no further development of hypogly-
cemic events. We present these cases with a review of the relevant literature.
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INTRODUCTION

Insulin autoimmune syndrome, also known as Hirata disease,
is a relatively rare condition characterized by fasting hypogly-
cemia, high serum insulin concentrations, and presence of in-
sulin autoantibodies in individuals who have not been previ-
ously injected with insulin. The mechanism of spontaneous
hypoglycemia in insulin autoimmune syndrome is due to ex-
cess free insulin released from insulin autoantibody complexes
several hours after a glucose load. Hirata et al. [1] first described
spontaneous hypoglycemia with insulin autoimmunity in 1970,
suggesting that the association of insulin autoimmune syndrome
and Graves’ disease in 1974 [2]. Over 50% of patients who are
diagnosed with insulin autoimmune syndrome have previously

received drugs containing a sulthydryl group, which has been
proposed to be related to the production of insulin autoanti-
bodies by chemical and immunological reactions with insulin
molecules [3]. Patients with Graves’ disease who have been
treated with methimazole, which also contains a sulthydryl
group, are predisposed to development of insulin autoimmune
syndrome [4].

Almost all cases of methimazole-induced insulin autoim-
mune syndrome are reported in East Asia, especially in Japan
[5]. In general, insulin autoimmune syndrome exhibits a
strong genetic predisposition. Specifically, it has been reported
that insulin autoimmune syndrome is strongly associated with
HLA-DRB1#0406, DQB1#0302, and DQA1%0301 [6]. Among
the three genetic variants of HLA-DRB1 (DRB1#0403,
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DRB1#0406, and DRB1%0407), only DRB1*0406 is exclu-
sively associated with an elevated risk of developing insulin
autoimmune syndrome [7]. The DRB1%0406 genotype is rela-
tively common in East Asians, which explains why insulin au-
toimmune syndrome is most common in East Asians [7]. In the
case of methimazole-induced insulin autoimmune syndrome,
it is also known that a specific allelic combination of Bw62/
Cw4/DR4 (including DRB1+0406) is a major genetic risk fac-
tor [8]. Although there have been three previously reported
cases of methimazole-induced insulin autoimmune syndrome
in Koreans [9-11], none examined the role of genetic predis-
position. Herein, we report two cases of methimazole-induced
insulin autoimmune syndrome, including a case where HLA
genotyping revealed HLA-DRB1%0406.

CASE REPORTS

Case 1

A 52-year-old woman presented at our hospital with heat in-
tolerance, palpitation, and chest discomfort persisting for 2
months. Physical examination revealed thyroid gland enlarge-

ment but no exophthalmos. Thyroid function test indicated hy-
perthyroidism with thyroid stimulating hormone (TSH) <0.05
plIU/mL (normal range, 0.4 to 4.1), free thyroxine (free T4)
5.71 ng/dL (normal range, 0.70 to 1.80), and triiodothyronine
(T3) 375 ng/dL (normal range, 87 to 184). The level of thyroid
stimulating immunoglobulin was 60.8% (normal range, 0 to 15).
A thyroid scan demonstrated an increase of 20-minute thyroid
uptake of "Tc. A diagnosis of Graves’ disease was made and
the patient was started on methimazole 30 mg/day. Four weeks
after beginning methimazole treatment, she suffered general
weakness and sweating that disappeared with food intake. The
patient visited the emergency room because of confusion, irri-
tability, and inappropriate verbal responses. She had no history
of diabetes mellitus or exposure to insulin or oral antidiabetic
agents. The patient’s younger brother had a medical history of
hyperthyroidism; however, there was no family history of dia-
betes mellitus. The patient’s initial serum glucose level was 34
mg/dL. Laboratory studies including complete blood cell count
with differential, chemistry profile, and electrolytes were all
within normal limits. Thyroid function study revealed TSH
<0.05 pIU/mL, free T4 0.77 ng/dL, and T3 146 ng/dL. Hemo-

Table 1. Results of a 75-g Oral Glucose Tolerance Test in the Two Patients
Normal range Time, min
0 30 60 90 120 180 240

Case 1

Serum glucose, mg/dL 70-110 85 176 239 250 218 - 61

Serum total insulin, pIU/mL 2-25 20.7 49.9 94.6 130 1,323 - 1,268
Case 2

Serum glucose, mg/dL 70-110 112 132 220 238 231 180 42

Serum total insulin, pIU/mL 2-25 >3,000 2,985 >3,000 >3,000 >3,000 >3,000 >3,000
Table 2. Serum Total Insulin, Serum C-Peptide, and Insulin Autoantibody of the Two Patients

Date
Normal range
At diagnosis 1 wk 2 mo 5mo 9 mo

Case 1

Serum total insulin, pIU/mL 2-25 119 - 11.4 133 -

Serum C-peptide, ng/mL 0.8-4.0 14.7 - 1.2 1.4 -

Insulin autoantibody, % 0-7 84.7 - 22.6 8.4 -
Case 2

Serum total insulin, pIU/mL 2-25 600 >3,000 48.9 15.7 13.5

Serum C-peptide, ng/mL 0.8-4.0 15.3 259 4.7 34 2.8

Insulin autoantibody, % 0-7 84.8 - 37.8 8.3 7.4
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globin Alc (HbAlc) was 5.8%. The total serum insulin concen-
tration was 119 pIU/mL (normal range, 2 to 25) and serum C-
peptide was 14.7 ng/mL (normal range, 0.8 to 4.0). Insulin au-
toantibody was measured by radioimmunoassay at 84.7%
(normal range, 0 to 7). Percent '*I-insulin binding was not mea-
sured. A computed tomography (CT) scan revealed a small
cyst of the pancreas tail, which had no contrast enhancement.
There was no evidence of insulinoma or extrapancreatic neo-
plasm. The result of 75-g oral glucose tolerance test showed
an abnormal increase of total serum insulin levels with delayed
hypoglycemia developing after 240 minutes with symptoms of
sweating and dizziness (Table 1). A diagnosis of methimazole-
induced insulin autoimmune syndrome was made based on the
high serum concentration of total insulin, fasting hypoglyce-
mia, and the presence of insulin autoantibodies. Methimazole
was discontinued, and consumption of six or more small meals
throughout the day with low carbohydrate was recommended.
Hypoglycemic attacks subsided within 1 week and there were
no further hypoglycemic episodes after discharge. Total serum
insulin, titer of insulin autoantibody, and level of serum C-pep-
tide decreased gradually after 5 months (Table 2). Treatment
with *'T 20 mCi was performed to address Graves’ disease in
the patient.

Case 2

A 53-year-old woman visited the emergency room of our hos-
pital complaining of headache, palpitation, and chest discom-
fort. She was diagnosed with Graves’ disease at a different hos-
pital 1 month prior to being admitted at our hospital and had
been taking both methimazole 40 mg/day and B-blocker since
her diagnosis. Prior to visiting our emergency room, she con-
sumed breakfast and was measured with a serum glucose level
of 294 mg/dL. Laboratory studies including complete blood
cell count with differential, chemistry profile, and electrolytes
were all within normal limits. The result of thyroid function
tests were TSH <0.01 pIU/mL, free T4 2.74 ng/dL, and T3
184.8 ng/dL. The patient’s symptoms were initially attributed
to hyperthyroidism due to the lack of abnormal findings on neu-
rologic exam and brain magnetic resonance imaging. Howev-
er, 6 hours after discharge, the patient revisited our emergency
room due to sweating and altered mental state, where it was
noted that she had neither a history of diabetes mellitus nor
previous exposure to insulin or oral antidiabetic agents. Fur-
thermore, there was no family history of thyroid disease and
diabetes mellitus. The patient’s initial serum glucose level was
27 mg/dL, HbAlc was 5.8%, serum total insulin was 600 ulU/
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mL, and serum C-peptide was 15.3 ng/mL. The titer of insulin
autoantibody was 84.8%, while detection of both insulin re-
ceptor antibody and islet cell antibody were negative. The per-
cent of '*I-insulin binding was not measured. The titers of se-
rum thyroid autoantibodies were high. Specifically, antithyroid
peroxidase antibody was 2,876 U/mL (normal range, 0 to 100),
antithyroglobulin antibody was 330 IU/mL (normal range, 0 to
115), and TSH receptor antibody was 2.95 IU/L (normal range,
<1.22). A CT scan revealed no evidence of insulinoma or ex-
trapancreatic neoplasm. The patient’s fasting insulin level was
more than 3,000 pIU/mL and C-peptide was 25.9 ng/mL on
hospital day 7. A 75-g oral glucose tolerance test showed marked
increase of total insulin level and subsequent hypoglycemia
developed after 240 minutes (Table 1). HLA genotyping was
performed by sequence based typing and the result was HLA-
DRB1*0406 and *1501. Continuous intravenous glucose injec-
tion was needed due to recurrent fasting hypoglycemia. Methim-
azole-induced insulin autoimmune syndrome was diagnosed,
and methimazole was subsequently discontinued. Hypoglyce-
mic episodes disappeared after 1 month, with the patient con-
suming small frequent meals and a low carbohydrate diet. The
concentration of serum total insulin, titer of insulin autoanti-
body, and serum C-peptide level decreased gradually after 5
months (Table 2). Radioactive iodine therapy with *'I 15 mCi
was performed to address Graves’ disease in the patient.

DISCUSSION

The main causes of hypoglycemia combined with hyperinsu-
linemia are insulinoma, inappropriate use of antidiabetic agents,
and autoimmune hypoglycemia. Hirata et al. [1] first described
the possibility of spontaneous production of insulin antibodies
after observing a case of hypoglycemia associated with insu-
lin-binding antibodies in a patient with no history of exposure
to exogenous insulin. The prevalence of insulin autoimmune
syndrome is particularly high in Japan. As of 2007, there have
been 330 reported cases of insulin autoimmune syndrome in
Japan, 20 of which were attributed to East Asians excluding
Japanese individuals, and 47 cases in Caucasians [5]. Approxi-
mately 80% of insulin autoimmune syndromes are capable of
coexisting with other autoimmune diseases, namely, 25% of
patients with Graves’ disease as well as others with systemic
lupus erythematosus, rheumatoid arthritis, and chronic hepati-
tis, etc.

Graves’ disease per se is not a risk factor for insulin autoim-
mune syndrome. Takei [12] compared the prevalence of insu-
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lin autoantibodies in patients with Graves’ disease treated with
methimazole (n=206) or propylthiouracil (n=118) as well as
patients with untreated hyperthyroidism (»=160), identifying
13 cases (6.3%) with insulin autoantibodies only among pa-
tients treated with methimazole. The molecular mechanism of
methimazole induced insulin autoimmune syndrome is thought
to be related to the sulthydryl group of methimazole. Specifi-
cally, the disulfide bond of insulin molecules can be cleaved
via the reducing power of the sulthydryl group present in me-
thimazole. Further, insulin-derived peptides produced via dis-
ruption of the native structure of insulin continue to be recog-
nized by antigens presenting cells as self-antigens, resulting in
stimulation of T cell mediated immunity [3]. Indeed, up to one
half of patients with insulin autoimmune syndrome presented
with a history of using drugs containing a sulthydryl group,
which include methimazole, a-mercaptopropionyl glycine, and
glutathione within the previous year [13]. More recently, cases
of insulin autoimmune syndrome caused by a-lipoic acid have
been increasing, which has been attributed to the two sulfur
atoms connected by a disulfide bond of a-lipoic acid, which
generates a strong reducing power [14]. Based on these obser-
vations, insulin autoimmune syndrome is attributed to either
methimazole or carbimazole, which is converted to methima-
zole in the body, in patients with Graves’ disease.

The prevalence of methimazole-induced autoimmune syn-
drome is high in Japan. Indeed, there have been 64 reported
cases of methimazole-induced insulin autoimmune syndrome
in Japan as well as 16 cases in East Asians (excluding Japa-
nese) and two cases in Caucasians; only three of these cases
were reported in Korea. We experienced two cases of insulin
autoimmune syndrome in female patients with Graves’ disease
who presented with an altered mental state due to fasting hy-
poglycemia after 4-week treatment with methimazole. The
two patients had hyperinsulinemia and insulin autoantibodies
without previous insulin administration or evidence of insulin-
oma.

To the best of our knowledge, this is the first report in Ko-
rea to identify HLA-DRB1*0406 in a case of methimazole-in-
duced autoimmune syndrome. HLA genotypes are considered
to have strong association with insulin autoimmune syndrome
in Japan. Polyclonal insulin antibodies, which are observed in
most cases of insulin autoimmune syndrome, were strongly
associated with HLA-DRB1:*0406, DQB1+0302, and DQA 1%
0301 [6]. These are frequent HLA alleles in Japanese and are
considered to be related with a higher prevalence of insulin
autoimmune syndrome compared with the general population
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[7]. The relationship of specific HLA genes with methimazole-
induced autoimmune syndrome has only been described in Ja-
pan. Thus, patients with Graves’ disease are thought to develop
insulin autoimmune syndrome when they have a specific HLA
allelic combination of Bw62/Cw4/DR4 including DRB1+0406
[8]. Likewise, it has been suggested that the HLA class II beta
chain, which is encoded by HLA-DRBI1 gene, binds with in-
sulin-derived peptides and is cleaved by reducing compounds
such as methimazole, resulting in insulin-specific proliferation
of T cells [15]. Indeed, the majority of frequent HLA-DR al-
leles in Koreans, in decreasing order of frequency, are DR4,
DR15, DR13, and DR8 [16] with HLA-DRB1*0803 and *1602
alleles conferring susceptibility to Graves’ disease in Koreans
[17]. Because the frequency of HLA-DRB1*0406 was 9.1%
in Korean patients with Graves’ disease [17], Koreans might
have a high risk of methimazole-induced autoimmune syn-
drome, a topic that warrants further case studies and clinical
evaluation.

The mechanism of hyperinsulinemia in insulin autoimmune
syndrome is a relative insulin deficit caused by binding of in-
sulin autoantibodies to insulin released from B-cells, resulting
in inappropriate insulin secretion and delayed clearance [3].
Spontaneous hypoglycemia in insulin autoimmune syndrome
is caused by an excess of free insulin released from insulin au-
toantibody complexes, irrespective of serum glucose concen-
tration [3]. Indeed, hypoglycemia can occur at both fasting and
postprandial states but there is a tendency of reactive hypogly-
cemia after several hours of food intake [18]. Hyperglycemia
is also frequent right after meal because insulin released from
[-cells binds to insulin autoantibodies and blood glucose can-
not be utilized properly. The two patients in this report showed
rather lower glucose level before a glucose load and rapid in-
crease in glucose level of more than 200 mg/dL after 1 or 2
hours of 75-g oral glucose challenge. The elevated level of se-
rum glucose decreased rapidly and hypoglycemia occurred af-
ter 3 or 4 hours of glucose load.

Approximately 80% of patients with insulin autoimmune
syndrome had spontaneous remission of hypoglycemia after
less than 3 months with no special treatment except avoiding
drug exposure, although persistent hypoglycemia also has
been observed in a few patients [13]. Discontinuation of the
offending drug, consumption of six or more small meals per
day and a low carbohydrate diet is the currently recommended
treatment for methimazole-induced hypoglycemia [5]. For hy-
poglycemia, a-glucosidase inhibitors can be helpful by de-
creasing glucose uptake in the intestines and preventing over-
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secretion of insulin by B-cells. If hypoglycemia persists, both
immunosuppressive therapy with prednisolone 30 to 60 mg/
day and azathioprine or 6-mercaptopurine with plasmaphere-
sis should be considered [19]. Further, rituximab, an anti-
CD20 monoclonal antibody, has been shown to be remarkably
effective in blocking de novo antibody responses and is known
to suppress insulin autoantibodies [20]. Thus, this approach
may be helpful by decreasing insulin autoantibodies in persis-
tent hypoglycemia in methimazole-induced insulin autoim-
mune syndrome. In our two cases, hypoglycemic episodes
subsided within 1 month after discontinuation of methimazole
and the titers of serum total insulin, C-peptide, and insulin au-
toantibodies normalized gradually within 5 months.
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