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CASE REPORT

CuHapoM ayTOMMMYHHTETA K HHCYJIMHY — peAKas NPUYMHA Pa3BUTHA
TMIOIJIMKEMUYECKOro CHHApoMa. KnmHudeckuii ciayyai CHHIApoOMA

B HeI[HanH‘leCKOﬁ IIPAKTHKE
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CuHapom ayToMMMyHUTeTa K MHCYAUHY (CAM) xapakTepusyeTcsi CMOHTaHHbIMU TMMOFAMKEMUSIMU, COMPOBOXAAIOLIMMMUCS NMOBbI-
LWeHHbIM YPOBHEM MHCYAMHA, HAAMYMEM ayTOAHTUTEA K MHCYAMHY MPU OTCYTCTBUM MPEALIECTBYIOLLErO MCMOAb30BaHUS IK30reH-
HOrO MHCYAMHA. DTO TPETbS MO YaCTOTe NPUYMHA Pa3BUTUS TMNOTAUKEMMIA B CTpaHax BocTtouHom Asun. 3aboaeBaHune pa3BuBaeT-
CSl 'y reHeTUYECKM NPEAPACTIOAOKEHHBIX AULL B BOABIIMHCTBE CAyHaeB MOCAE MPUEMA AEKAPCTB, COAEPXKALUMX CYAb(PTUAPUABHYIO
rpynny (MeTumason, neHnunaAnH G u ap.). CUHAPOM XapakTepeH AASt B3POCABIX M KpaiiHe peAKO BCTpevaeTcs y AeTeit. MNpeacTas-
A€H KAMHUYecKnin cAydan passuTust CAMy 3,5-AeTHel AeBOUKM eBPOMEOUAHONM PaChl, BO3MOXHOM MPUYMHON KOTOPOrO MOCAYKUA
NPEALIECTBYIOLMNIA KYpC A€YEHUS MTUPUTUHOAOM.

Katouesble caoBa: runorAmkemusi, CMHAPOM ayTOMMMYHMTETa K MHCYAMHY, BOAe3Hb XupaTa, ayToaHTUTeAa K MHCYAMHY, AeKap-
CTBa, coAepXallne CyAb(OrMAPDUAbHYIO TpynIly.

Insulin autoimmune syndrome: a rare cause of hypoglycemia. The case report of the syndrome in

pediatric practice
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Insulin autoimmune syndrome (IAS) is characterized by spontaneous hypoglycemia accompanied by an increased insulin level and
presence of insulin autoantibodies while no exogenous insulin was used. This disorder is the third leading cause of hypoglycemia
in Southeastern Asia. The disorder develops in individuals with a genetic predisposition, mostly after they had administered drugs
containing a sulfhydryl moiety, such as methimazole, penicillin g, etc. The syndrome is typical of adults and extremely rare among
children. We report the case of developing IAS in a 3.5-year-old Caucasian girl, possibly induced by pyritinol therapy.

Keywords: hypoglycemia, insulin autoimmune syndrome, Hirata disease, insulin autoantibodies, drugs containing a sulfhydryl

moiety.

Insulin autoimmune syndrome (IAS), also known as
Hirata disease, was first reported in 1970 [1]. Character-
istic clinical features of this syndrome include spontane-
ous hypoglycemia accompanied by elevated insulin levels
and presence of insulin autoantibodies in patients, who
did not previously receive exogenous insulin [1, 2]. Cur-
rently, more than 300 cases of the disease have been de-
scribed in Japan alone; the highest number of cases was
described among East Asian populations. The disease is
10—30 times more rare in Europe and America. In the
East Asia, it is the third most common cause of hypogly-
cemia after iatrogenic hypoglycemia and insulinoma [1,
3]. The disease typically occurs in individuals aged 60—
69 years and it is slightly more common in females [3].
Laboratory tests during episodes of hypoglycemia show
very high values of immunoreactive insulin (IRI) level [3]
along with significant, but less pronounced increase in
C-peptide level (known as discordant IRI and C-peptide
values). These changes in IRI and C-peptide values sug-
gest the presence of insulin autoantibodies, which are de-
termined as IRI [5, 6] during radioimmunoassay. The
patients with Hirata disease who were not previously
treated with insulin have high titers of insulin antibodies.

In most cases, onset of the disease is preceded by ad-
ministration of medications 2—6 weeks before the dis-
ease; in 90% of cases, these are pharmaceuticals bearing
SH-group: methimazole (methimazole), glutathione,
captopril, a-lipoic acid (thioctacid), imipenem, penicillin
G [1—4]. More rarely, the disease manifests after adminis-
tration of medications, lacking sulfhydryl group: cortico-
steroids, a-interferon, diltiazem, tolbutamide, sodium
loxoprofen [7]. The cases, where the syndrome developed
without previous therapy, have been also reported.

The relationship between formation of insulin auto-
antibodies and drugs bearing a sulfhydryl group is attrib-
uted to the fact that SH-bearing pharmaceuticals facili-
tate dissociation of disulfide bridges in the insulin mole-
cule, opening the alpha-chain to antigen-presenting
cells, which results in stimulation of T cells in patients
with predisposing haplotypes (especially DRB1*0406
haplotype) [2, 8].

The following mechanism of development of hypo-
glycemia was suggested in IAS patients. Food intake is
followed by insulin secretion by the pancreas, which is
mostly bound by antibodies; this manifests in the form of
typical postprandial hyperglycemia, which leads to insu-
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lin hypersecretion. After a while, insulin dissociates from
the complex with autoantibodies, which causes signifi-
cant increase in the plasma level of active insulin and de-
velopment of hypoglycemia [2, 7].

Hirata’s disease often occurs in combination with
other autoimmune diseases, such as Graves’ disease,
rheumatoid arthritis, and systemic lupus erythematosus
[4]. It is believed that the IAS with underlying Graves’
disease is caused by intake of anti-thyroid drugs (me-
thimazole). This drug is the most common causative
agent of IAS [1], and therefore it is important to keep in
mind the risk of IAS in patients with Graves’ disease,
who are treated with methimazole (thiamazolum). In
these patients, hypoglycemias are often oligosymptom-
atic and present with tremor, which is characteristic of
Graves’ disease even in patients with normoglycemia.

Since the early 2000s, more than 20 cases of IAS have
been reported in individuals administered with a-lipoic
acid (thioctacid) [7]. This medication is often included in
food additives, and it is often used to treat diabetic poly-
neuropathy. In patients with diabetes mellitus (DM), hy-
poglycemia is usually considered iatrogenic, and there-
fore antihyperglycemic therapy is adjusted or even can-
celled. Allowance for the fact that administration of
thioctacid is the possible cause of IAS enables avoiding
unreasonable examinations and improper treatment.

Hirata disease is characterized by genetic predisposi-
tion to the development of the syndrome. Thus, in the East
Asia, HLA-DR4 are predisposing haplotypes (they occur
in 97—100% of patients in Japan [9]), and DRB1*0406 is
the most common haplotype (43% of patients in Japan)
[2]. Other predisposing haplotypes include DQA1*0301,
DQB1*0302, DRB1*0403, DRB1*0407 [4, 10].

IAS is usually characterized by favorable outcome:
spontaneous remission of the disease within 1—3 months
after manifestation occurs approximately in 80% of cases
[10]; more rarely, recovery occurs during treatment
(about 20% of cases). Withdrawal of the drug that trig-
gered the syndrome is the most important treatment
measure. These patients need a diet with frequent small
meals, consumption of complex carbohydrates and re-
striction of easily digestible ones. In the cases, when hy-
poglycemia persists despite these measures, pharmaco-
therapy is used, which most often include glucocorti-
coids, more rarely — immunosuppressants (azathioprine,
6-mercaptopurine) [6]. Glucocorticoids are used in or-
der to suppress production of autoantibodies. Plasma-
pheresis is another highly effective method of treatment
of IAS [11].

The insulin autoimmune syndrome is extremely rare
in children throughout the world. Only about 10 cases
have been reported so far [4].

Case report

A 3.5-year-old girl was hospitalized to the Endocri-
nology Research Center complaining of recurrent hypo-
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glycemias, which first appeared 3 weeks before admis-
sion. The patient had two episodes of seizures with un-
derlying hypoglycemia, the minimum recorded glycemia
was 1.3 mmol/1.

The patients had no episodes of hypoglycemia,
symptoms of unmotivated weakness, lethargy, loss of
consciousness, or seizures until the age of 3.5 years. One
month before the manifestation of hypoglycemia, the pa-
tient had SARS accompanied by elevated body tempera-
ture up to 38°C for 2—3 days and received Kagocel. Previ-
ously, the child receives 2 month-long courses of En-
cephabol (pyritinol) and Anaferon for a few months (pre-
vention of SARS).

At the age of 3 years 5 months, the girl suddenly de-
veloped abdominal pain in the fasted state. Seizures
caused by hypoglycemia of 1.3 mmol/1 developed in the
ambulance. In the first three days, the patient received
infusion of glucose solutions in order to stop seizures and
recurrent hypoglycemia. The patient’s state was stabi-
lized under conditions of frequent small meals and water-
ing with sweet liquid. However, daily fasting hypoglyce-
mias persisted (1.3—2.2 mmol/1).

Hormonal examination at the place of residence with
underlying hypoglycemia of 2.2 mmol/I showed high lev-
els of insulin (17.4 ulU/ml) and C-peptide (8 ng/ml);
there was no ketonuria. Doctors at the place of residence
suspected organic nature of hyperinsulinism. The child
was sent to Moscow for further examination.

During examination at the Endocrinology Research
Center, IGF-1, GH, cortisol, and thyroid hormone lev-
els are within the normal range (Table 1). Fastentest was
conducted to find out the genesis of hypoglycemia.
Three-hour fasting period resulted in development of hy-
poglycemia (2.5 mmol/l) and abnormally high level of
insulin (> 1000 wU/ml), high levels of C-peptide (16 ng/
ml), and low blood level of ketones (0.1 mmol/1) (Table
2). Given inadequately high insulin levels, repeated fas-
tentest was carried out, which produced identical results:
insulin level again exceeded 1000 uU/mL, C-peptide
level — 9 ng/ml (Table 3). Repeated measurement of in-
sulin level with underlying normoglycemia showed per-
sistent extremely high values (>1000 uwU/ml). Frequent
small meals were recommended and glycemic control
was carried out during the day. There were no episodes of
hypoglycemia, when the patient received frequent small
meals and additional fast carbohydrates. However, in-
crease in fasting period to 4 hours resulted in recurrence
of hypoglycemia, but it was oligosymptomatic and easily
stopped by food intake. Glycemic control during the day
showed that glycemia fluctuations ranged from 2.0 to 16
mmol/l 1—1.5 hours after intake of fast carbohydrates.
Oral glucose tolerance test showed abnormal increase in
glycemia up to 14.7 mmol/l on the 90" minute, however
glycemia was normalized within 120 minutes (6.9
mmol/1) (Fig. 1).

Ultrasound examination of the abdominal cavity de-
tected no evidence of space-occupying mass.
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Table 1. The results of hormonal examination of the patient at
admission

Value Result Limits
STH 1.39 ng/ml
IGF-1 118.5 ng/ml 8—290 ng/ml
TSH 1.8 mIU/1 0.64—5.76 mIU/1
T, free 16.3 pmol/1 11.5—20.4 pmol/1
Hydrocortisone 372 nmol/1 77—630 nmol/l

Table 2. The results of fastentest at admission

Value Result Limits
Glycemia 2.5 mmol/1 > 3 mmol/l
IRI > 1000 uU/ml <2uU/mL
C-peptide 16 ng/ml
Ketonemia 0.1 mmol/l

Table 3. The results of repeated fastentest
Value Result Limits
Glycemia 2.3 mmol/1 > 3 mmol/l
IRI > 1000 pU/ml <2uU/mL
C-peptide 9 ng/ml

Thus, patient’s examination and follow-up produced
very contradictory results. On the one hand, atypical
clinical presentation in the form of a late manifestation of
the disease (only at the age of 3.5 years) and normal de-
velopment of a child excludes congenital forms of hyper-
insulinism. On the other hand, repeated abnormally high
levels of insulin associated with both hypoglycemia and
normoglycemia do not fit the picture of insulinoma. Tak-
ing into account high levels of C-peptide, iatrogenic hy-
poglycemia (insulin injections) was excluded. In this re-
gard, we suspected that the girl has insulin autoimmune
syndrome.

Assessment of the level of insulin autoantibodies
showed that their titer is significantly increased: more
than 100 U/ml (compared to the normal value of up to 10
U/ml). The level of other autoantibodies (to tyrosine
phosphatase, glutamate dehydrogenase, islet cells) did
not exceed the normal values (Table 4). HLA-typing
showed that the patient had two haplotypes, predisposing
to IAS: DRB 1 04- and DQA 1 *0301.

Therefore, clinical (hyperinsulinemic hypoglycemia
that occurred spontaneously in completely healthy
3.5-year-old child) and laboratory signs (extremely high
insulin levels and not as a significant increase in C-pep-
tide level, increased titers of insulin autoantibodies), as
well as detection of predisposing haplotypes suggested
the diagnosis of insulin autoimmune syndrome in the
child.

In connection with established diagnosis and recur-
rent hypoglycemia even with frequent meals (3—4
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hours), the patient received treatment with prednisolone
at a starting dose of 20 mg/day (1.4 mg/kg/day) to sup-
press the immune response. A few days later, normaliza-
tion of glycemia values was observed under normal feed-
ing conditions; no episodes of hypoglycemia were detect-
ed. During repeated oral glucose tolerance test on day 11
of therapy, normoglycemia was maintained during the
entire test, however IRI values (>1000 uU/ml) and insu-
lin antibodies level (>100 U/1) were still high. The con-
trol 13.5 hour-long fastentest resulted in development of
hypoglycemia (2.2 mmol/l) along with low level of ke-
tones (0.1 mmol/l). Gradual decrease in prednisolone
doses was started one week after initiation of therapy fol-
lowed its complete withdrawal in 1 month.

Examination at the place of residence 2 months after
the treatment showed maintained normoglycemia under
normal diet conditions. Fasting glucose level was 3.5—5
mmol/l, insulin level was 29 wU/ml with glycemia of 4.6
mmol/l; 14-hour-long fastentest was negative, but there
was still high level of insulin antibodies (24.4 U/ml).
Eight months after completion of therapy, there was clin-
ical normoglycemia, 13-hour-long fastentest was nega-
tive; insulin level was 4.3 uU/ppm with glycemia of 3.7
mmol/1, insulin antibody level normalized to (4.5 U/ml)
(Fig. 2).

In summary, normalization of patient’s carbohydrate
metabolism was observed since the initiation of gluco-
corticoid therapy, laboratory tests showed decrease in in-
sulin antibodies 2 months after completion of therapy;
complete clinical and laboratory remission of the disease
was observed in 8§ months.

Discussion

This case is the first description of the insulin auto-
immune syndrome in a pediatric patient in the Russian
Federation. It was quite difficult to determine the pro-
voking factor in this case. Previous therapy with en-
cephabol (pyritinol, whose structure includes a disulfide
bridge, Figure 3) 1 month before the onset of the disease
possibly contributed. The role of Anaferon (preparation
of gamma interferon antibodies) also cannot be excluded.
However, we found no previously reported cases of this
syndrome related to therapy with these drugs in the lit-
erature. This case reflects the typical course of the dis-
ease: sudden onset of hypoglycemia, extremely high in-
sulin level along with less significant increase in C-pep-
tide level, high levels of autoantibodies to insulin, detec-
tion of specific haplotypes, normalization of glycemia
resulting from immunosuppressive therapy with gluco-
corticoids and stable normoglycemia after its termina-
tion, tendency to decrease in insulin and insulin antibod-
ies level 3—4 months after the onset of the disease, full
normalization of laboratory values within 10 months af-
ter the onset of the disease.

Interestingly, insulin levels determined at the place of
residence and at the Endocrinology Research Center
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Table 4. The results of autoantibody tests

Type of antibodies Result Norm
Insulin antibodies (IAA) +100 U/ml 0—10
Antibodies to glutamate dehydrogenase (GAD) 0.79 U/ml 0—1
Antibodies to tyrosine phosphatase (IA2) <8 U/ml 0—10
Antibodies to islet cells (ICA) 0.46 U/l 0—1
Glicemia,
mmol/I
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Fig. 1. The results of oral glucose tolerance test.
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Fig. 2. Patient’s follow-up laboratory values over time.
Note: * — provided insulin values were determined in the laboratory at the place of residence.
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Fig. 3. Molecular structure of pyritinol.

were significantly different (17 uU/ml vs >1000 uwU/ml),
which can be explained by different methods of insulin
measurement.

The prognosis of the disease is favorable to the pa-
tient. In the future, prevention of disease relapses by
elimination of provoking factors is important (in particu-
lar, exclusion of pharmaceuticals bearing SH-group).

CASE REPORT

Conclusion

This case shows that atypical clinical presentation
along with extremely high insulin level and secretion of
insulin autoantibodies without previous insulin therapy
required inclusion of IAS to the differential diagnosis of
hypoglycemic syndrome (after exclusion of iatrogenic
hypoglycemia and organic hyperinsulinism). This state-
ment is relevant for both adults and children. Diagnosis
of IAS enables timely initiation of appropriate therapy (or
determines expectant management, since spontaneous
remission of the disease occurs in 80% of cases), and
avoiding unnecessary examinations and surgery.
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