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Abstract. The patient in the present case report, a 27‑year‑old 
man, was diagnosed with Graves' disease and hypokalemia. 
The patient was treated with methimazole and intermittent 
potassium supplementation. Following treatment, the patient 
was still suffering from fatigue, accompanied by palpitations, 
a hand tremor, fear of heat and sweating. Hypoglycemia was 
revealed by monitoring fingertip blood glucose levels. The 
laboratory investigations indicated that serum insulin levels 
were significantly elevated (>1,000 µIU/ml), the test for serum 
insulin autoantibody (IAA) was positive, and insulin autoim‑
mune syndrome (IAS) was diagnosed. Following symptomatic 
treatment, the patients insulin levels decreased, and the hypo‑
glycemia episode was gradually relieved. Hypoglycemia may 
be prone to missed diagnosis in patients with Graves' disease 
and hypokalemic periodic paralysis. Monitoring fingertip 
blood glucose level is a convenient and feasible method to 
detect hypoglycemia. Furthermore, serum insulin and IAA 
detection should be assessed to exclude or confirm IAS.

Introduction

Insulin autoimmune syndrome (IAS) is a rare type of 
hypoglycemia, which was first reported in Japan by Hiram 
in  1970, which is why this disease is known as Hiram 
disease (1). Subsequently, IAS was also reported in China by 
Xiang et al (2). This disease is more common in individuals of 
Asian descent and less common in non‑Asian populations (3). 
In Japan, IAS is the third leading cause of hypoglycemia, after 
insulinoma and extra pancreatic neoplasias (4). Hypoglycemia 
of IAS is characterized by spontaneous and irregular occur‑
rence, and its severity can vary  (5,6). Although clinical 
manifestations are usually mild and transient, very severe 
cases have also been described, with prolonged hypoglycemia 

and life‑threatening consequences (5). IAS is characterized 
by: i) Hyperinsulinemic hypoglycemia, ii) elevated insulin 
autoantibody (IAA) titers, iii) no prior exposure to exogenous 
insulin; and iv) no pathological abnormalities of the pancreatic 
islets (6). While the cause of IAS is not completely understood, 
previous exposure to environmental triggers such as medica‑
tion and certain Human Leukocyte Antigen (HLA) types have 
been associated with the pathogenesis of this syndrome (5). 
IAS is a clinically rare disease, and is prone to misdiagnosis 
and missed diagnosis. The clinical data, diagnosis and treat‑
ment of IAS induced by methimazole in a patient with Graves' 
disease complicated with hypokalemia are described in the 
present case report.

Case report

The patient, who was male and 27‑years‑old, was referred to 
the People's Hospital of Jizhou District (Tianjin, China), due 
to palpitation, fatigue, fear of heat, sweating and weight loss 
of 10 kg within 3 months. The thyroid function test results are 
presented in Table I. The patient was diagnosed with hyperthy‑
roidism and treated with methimazole (10 mg, 3 times daily). 
After 10 days of continuous methimazole administration, the 
patient had aggravated symptoms and developed paralysis 
of the limbs and labored breathing, with a blood potassium 
level of 1.91 mmol/l (normal range, 3.5‑5.3 mmol/l). Following 
symptomatic treatment, which included intravenous and 
oral potassium supplementation, the patient improved, 
and was subsequently treated with intermittent potassium 
supplementation.

However, the patient still had intermittent fatigue and 
palpitations and was subsequently admitted to Tianjin First 
Center Hospital (Tianjin, China). The patients thyroid was 
diffusely enlarged on palpation and there was no exoph‑
thalmos. The cardiac and respiratory examination findings 
were unremarkable. The abdomen was soft and non‑tender, 
without masses. The examination results of the thyroid func‑
tion test performed following admission are also presented 
in Table I. The erythrocyte sedimentation rate was normal, 
while the thyroid color doppler ultrasound indicated that the 
thyroid gland double‑lobe gland was enlarged, and blood flow 
was normal. The patient was diagnosed with Graves' disease 
and continued to be treated with methimazole (10 mg, twice 
daily). Following treatment with potassium supplementation, 
the fluctuation in the blood potassium level was monitored 
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at 3.17‑4.67 mmol/l (normal range, 3.5‑5.3 mmol/l); however, 
the symptoms, such as fatigue, palpitation and hand tremors, 
appeared intermittently. By monitoring the finger blood 
glucose level, it was demonstrated that the minimum finger 
blood glucose level was 1.90 mmol/l, and the plasma blood 
glucose level was 2.44 mmol/l. Therefore, a spontaneous hypo‑
glycemia episode was identified. The patient had no history 
of diabetes mellitus or hypoglycemia and denied exposure 
to insulin or oral antidiabetic drugs. The glycosylated hemo‑
globin level was 6.0% (normal range, 4.0‑6.0%). The patient 
had an oral glucose tolerance test (OGTT), insulin release test 
and C‑peptide release test (Fig. 1). The time intervals of these 
tests were 0, 30, 60, 120 and 180 min. All results of the insulin 
release test were >1,000 µIU/ml. IAA was positive, while tests 
for glutamic acid decarboxylase antibody and islet cell antibody 
were negative. There were no abnormalities in routine blood, 
blood biochemistry, rheumatism immunity series, anti‑nuclear 
antibody spectrum and adrenal function tests. A pancreatic CT 
and enhanced CT did not reveal any abnormalities. Using the 
Naranjo's assessment scale (7), the causal association had a 
score of 7 points (Table II). Considering hypoglycemia may 
be secondary to methimazole‑induced IAS, methimazole was 
discontinued. The patient did not experience hypoglycemia 
again, once his eating habits were changed, he had more 
meals a day but with a reduction in the amount consumed. 
The patient was ingesting food higher in protein and fiber to 
delay gastric emptying and a slowdown in the insulin release 
rate. The examination before discharge indicated that the 
fasting serum insulin level (634.0 µIU/ml), was significantly 

lower than before treatment. After 2 weeks, the patient was 
treated with I‑131 11  mCi. Outside of the hospital, using 
blood glucose monitoring, a hypoglycemia episode did not 
occur. Furthermore, the insulin level of the patient was lower, 
as presented in Fig. 2. The fasting blood glucose and insulin 
were recorded on days 0, 9, 17, 31 and 79. The results of the 
OGTT, insulin and C‑peptide tests are presented in Fig. 3 and 
were obtained >2 months after discharge. The time intervals 
of these tests were 0, 30, 60, 120 and 180 min. The insulin and 
C‑peptide levels had decreased markedly compared to those 
on admission, and no hypoglycemia occurred.

Discussion

The patient in the present case report presented with 
hypokalemia and hypoglycemia following treatment for 
hyperthyroidism with methimazole. Hypoglycemia may be 
easily missed at diagnosis or misdiagnosed (5). Following 
treatment with potassium supplementation, the patient 
experienced symptoms, such as fatigue, palpitation and hand 
tremors, which occurred intermittently. By monitoring finger 
blood glucose levels, spontaneous hypoglycemia episodes 
were identified. The patient had no history of diabetes 
mellitus and hypoglycemia, or exposure to insulin or oral 
antidiabetic agents. Therefore, hypoglycemia caused by oral 
hypoglycemic drugs or exogenous insulin was excluded. 
The insulin and C‑peptide release test revealed that levels of 
insulin were elevated, and although the C‑peptide level was 
high, it was not synchronized with the insulin level. IAA 
was indicated to be positive, and no pancreatic abnormali‑
ties were identified following a pancreatic CT. The patient 
discontinued with methimazole treatment. Using dietary 
management, hypoglycemia did not return. Therefore, hypo‑
glycemia was indicated to be caused by IAS. IAS is a typical 
clinical symptom of recurrent, spontaneous and severe hypo‑
glycemia induced by non‑exogenous insulin in the blood 
and requires the identification of insulinoma. However, 
pancreatic space‑occupying lesions are often observed in 
the CT images of patients with insulinoma, although some 
small insulinomas are difficult to locate. The elevated 
serum insulin level in these patients are synchronous with 

Table I. Thyroid function test results.

A, The People's Hospital of Jizhou District, Tianjin

Laboratory test	 Test result	 Reference range

FT3, pmol/l	 >30.8	 3.5‑6.5
FT4, pmol/l	 87.24	 10.44‑24.38
TSH µIU/ml	 0.009	 0.35‑5.29
Anti‑TPO, U/ml	 1,300.0	 ≤60
Anti‑TG, U/ml	 291.3	 ≤60
TRAb, IU/l	 9.11	 0‑1.75

B, Tianjin First Center Hospital

Laboratory test	 Test result 	 Reference range

FT3, pmol/l	   6.33	 3.1‑6.8
FT4, pmol/l	 14.23	 12.0‑22.0
TSH µIU/ml	 0.005	 0.27‑4.2
Anti‑TPO, U/ml	 345.5	 0‑34
Anti‑TG, U/ml	 287.9	 0‑115
TRAb, IU/l	   5.25	 0‑1.75

Anti‑TG, anti‑thyroglobulin; Anti‑TPO, anti‑thyroid peroxidase; 
FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimu‑
lating hormone; TRAb, thyrotropin receptor antibody.

Figure 1. Results of oral glucose tolerance test, insulin and C‑peptide release 
test on admission. OGTT, oral glucose tolerance test.
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C‑peptide, and IAA is negative. The plasma C‑peptide levels 
in patients with IAS have also been indicated to be elevated, 
but it is much lower compared with the insulin concentration 
in the blood, showing a state of separation of C‑peptide from 
insulin (8). IAA has a high titer; therefore, detection of IAA, 
serum insulin and C‑peptide levels can assist with identifica‑
tion of this disorder (9).

Using the Naranjo's assessment scale (7), the causal asso‑
ciation had a score of 7 points (Table II), which supported the 
possible causal relationship between the use of methimazole 
and IAS. The pathogenesis of IAS is still unclear and it is 
currently hypothesized to develop from the combined action 
of autoimmune defects and IAA induced by the admin‑
istration of specific drugs, on the basis of susceptibility 
genes (4,6). Using sulfur/sulfhydryl‑containing drugs is an 
important treatment method, and these include methima‑
zole, captopril, D‑penicillamine, hydralazine, glutathione, 
methionine, mercaptans, imipenem, penicillin G, α‑lipoic 
acid and diltiazem (10). Any one of these can induce IAS, 
and methimazole is the most common treatment option (11). 
It has been debated that sulfur/sulfhydryl groups may be 
able to bind and reduce the sulfhydryl bonds connecting 
insulin chains A and B, making endogenous insulin more 
immunogenic (12). Studies have demonstrated that IAA in 
patients with IAS is characterized by low affinity and high 
capacity  (4,13). IAA can also form an unstable complex 
with insulin, reduce the concentration of serum‑free insulin, 
expand insulin storage capacity, and further stimulate islet 
B cells to continue to secrete insulin. When the insulin‑IAA 
complex dissociates, a large amount of free insulin is 
released into the blood to cause hyperinsulinemia, which 
in turn causes hypoglycemia (14). The patient in the present 
case report had a history of methimazole exposure, which 

Table II. Naranjo's assessment scale.

	 Score
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Questions	 Yes	 No	 Unknown	 Answer	 Score

1. Are there previous conclusive reports on this	 +1	 0	 0	 Yes	 1
reaction?	
2. Did the adverse event appear after the suspected drug was administered?	 +2	 ‑1	 0	 Yes	 2
3. Did the adverse reaction improve when the drug was discontinued or a	 +1	 0	 0	 Yes	 1
specific antagonist was administered?
4. Did the adverse reaction reappear when the drug was readministered?	 +2	 ‑1	 0	 Unknown	 0
5. Are there alternative causes (other than the drug) that could on their	 ‑1	 +2	 0	 No	 2
own have caused the reaction?
6. Did the reaction reappear when a placebo was given?	 ‑1	 +1	 0	 Unknown	 0
7. Was the drug detected in the blood (or other fluids) in concentrations	 +1	 0	 0	 Unknown	 0
known to be toxic?
8. Was the reaction more severe when the dose was increased, or less	 +1	 0	 0	 Unknown	 0
severe when the dose was decreased?
9. Did the patient have a similar reaction to the same or similar drugs	 +1	 0	 0	 No	 0
in any previous exposure?
10. Was the adverse event confirmed by any objective evidence?	 +1	 0	 0	 Yes	 1
Total score					     7

Figure 2. Results of monitoring fasting blood glucose and insulin.

Figure 3. Results of oral glucose tolerance test, insulin and C‑peptide release 
test >2 months following discharge. OGTT, oral glucose tolerance test.
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supports an etiological role for drugs with sulfhydryl groups 
in the development of IAS.

From 2001 to September 2019, 64 cases of IAS induced 
by methimazole were identified in the Chinese Biomedical 
Literature Database (https://www.cnki.net/) and the 
patient characteristics are presented in Table  III. Among 
them, 16 patients were males and 48 were females, 6 were 
>60‑years‑old and 58 were <60‑years‑old. The reason for the 
increased amount of women diagnosed may be that the inci‑
dence of hyperthyroidism in women is significantly higher than 
in men, and the incidence of hyperthyroidism in young people is 
higher than in people of old age. Patients with hyperthyroidism 
may also have hypokalemia, and 2 out of 64 patients also had 
hypokalemia. The patient in the present case report had Graves' 
disease with intermittent hypokalemia and periodic paralysis, 
which is more common in young males. Hypoglycemia occurs 
irregularly, and can manifest as hypoglycemia at night or 
early in the morning and as reactive hypoglycemia following 
the ingestion of food (5,6). The degree of hypoglycemia in 

the cases was indicated to be different, with 60 cases having 
blood glucose levels >2.8 mmol/l and 4  cases with levels 
>2.8 mmol/l. The hypoglycemia episode patient described 
in the present case report was also irregular, and his lowest 
fingertip blood glucose level was 1.90 mmol/l. A previous 
study (10) have indicated that the treatment of IAS first requires 
eliminating the inducement, discontinuing the causative drugs, 
dietary management, delaying gastric emptying by increasing 
the number of meals a day with a reduction in the amount 
and ingestion of high protein and high fiber food and slowing 
the release rate of insulin. α‑Glucosidase inhibitors have also 
been used to reduce or prevent hypoglycemic episodes (4,13). 
In more severe or prolonged cases, glucocorticoids, immuno‑
suppressants and plasmapheresis may be beneficial adjuvant 
therapies (15,16). Of the 64 cases, 21 patients adjusted their 
diet, 38 patients were treated with combined glucocorticoid 
therapy, 2 patients were treated with combined α‑glucosidase 
inhibitors and 3 patients were treated with glucocorticoste‑
roids and α‑glucosidase inhibitors to treat hypoglycemia. In 
the patient described in the present case report, there was 
no recurrence of hypoglycemia following diet management 
and the discontinuation of methimazole. When Graves' 
disease is combined with IAS, treatment with I‑131 is often 
advocated (17). Of the 64 patients, 25 were treated with I‑131, 
19 were treated with propylthiouracil (PTU), 4 were switched 
to I‑131 therapy following oral PTU treatment, 2 cases received 
surgical treatment and 14 cases were previously treated with 
methimazole only or it was not explicitly stated. Patients with 
hyperthyroidism receiving methimazole treatment may also 
develop IAS; however, not all the patients had Graves' disease. 
The patient in the present case report stopped methimazole 
treatment and was instead treated with radioactive iodine for 
Graves' disease. In previous studies (18,19) it has been hypoth‑
esized that HLA‑DR4 is a genetic susceptibility gene for IAS 
and is associated with the pathogenesis of IAS. In addition, 
studies have demonstrated that 84% of patients from Japan 
carry the HLA‑DRB1*0406 allele (20), while European and 
American populations primarily carry the HLA‑DRB1*0403 
allele (21,22). Unfortunately, the patient in the current case 
report did not undergo genetic testing. Of the 64 patients 
previously reported, 3 were genetically tested (23), and all the 
patients were indicated to carry the HLA‑DRB1*0406 allele, 
which is consistent with the reported results of previous Asian 
populations.

The patient in the present case report exhibited IAS. The 
patient was also previously diagnosed with Graves' disease 
and suffered with intermittent hypokalemic periodic paralysis. 
Hypoglycemia might be easily missed in diagnosis or misdiag‑
nosed. Monitoring fingertip blood glucose level is a convenient 
and feasible method to determine this. The majority of patients 
with IAS exhibit a good prognosis. However, it is a rare cause 
of hypoglycemia in clinical practice, and it is susceptible to 
misdiagnosis and missed diagnosis. This may lead to severe 
adverse effects, such as severe hypoglycemia and even 
disturbance of consciousness. For patients that also exhibit 
autoimmune diseases, who have used or are using suspicious 
drugs and are developing spontaneous hypoglycemia, insulin 
levels and IAA should be monitored in time. Therefore, early 
diagnosis and appropriate treatment should be conducted to 
reduce adverse consequences for patients with IAS.

Table III. IAS induced by methimazole from 2001 to September 
2019 in China (n=64).

Characteristic	 Number of cases

Sex	
  Female	 48
  Male	 16
Age, years	
  <60	 58
  ≤60	 6
Hypoglycemia treatment	
  Diet adjustment	 21
  Diet adjustment + glucocorticoids	 38
  Diet adjustment + α‑glucosidase inhibitor	 2
  Diet adjustment + glucocorticoids + 	 3
  α‑glucosidase inhibitor
Treatment of hyperthyroidism	
  I‑131 therapy	 25
  PTU	 19
  First PTU and then I‑131 therapy	 4
  Surgery	 2
  Discontinued methimazole without other	 14
  expressions
Blood glucose	
  ≥2.8	 4
  <2.8	 60
Hypokalemia	
  With	 2
  Without 	 62
HLA typing	
  With 	 3
  Without 	 61

PTU, propylthiouracil; HLA, Human Leukocyte Antigen.
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