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Abstract: We describe the case of a 54-year-old Cauca-
sian Italian male experiencing episodes of hypoglycemia,
occurring mainly after meals. He had never been exposed
to insulin and was taking ramipril, flecainide and ace-
tylsalicylic acid. An oral glucose tolerance test (OGTT)
showed high blood glucose levels diagnostic for diabetes
mellitus at 120 min and hypoglycemia with inappropri-
ately high insulin levels at 240 min. The 72-h fasting test,
abdominal computed tomography (CT) and positron emis-
sion tomography-CT were normal. Insulin autoantibodies
were positive at high titers, prompting a diagnosis of insu-
lin autoimmune syndrome (IAS). The patient was advised
to take frequent, small meals and thus achieved a good
control of his hypoglycemic symptoms. After 18 months of
this dietary management, his insulin autoantibody levels
decreased considerably but remained detectable. During
an OGTT, his blood glucose levels at 120 min were now
indicative of an impaired glucose tolerance rather than
diabetes, and there was improvement in the glucose nadir.
The patient had no other clinical or latent autoimmune
diseases. Here we discuss the main features of IAS (also
known as Hirata’s disease) and review the cases of IAS
reported in Italy to date.
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Introduction

In 1970, Hirata described a syndrome characterized by
hypoglycemia and the presence of insulin autoantibodies
(IAA) [1]. This rare insulin autoimmune syndrome (IAS)
was thus called “Hirata’s disease”. It features hyperin-
sulinemic hypoglycemia, high serum levels of IAA and
no history of exposure to exogenous insulin [2]. IAS is
the third leading cause of hypoglycemia among Japanese
people but is rare in Caucasians [2]. The Endocrine Society
nonetheless included testing for IAA among the first-line
assays to perform in non-diabetic adults with hypogly-
cemia [3], and this concept was reiterated thereafter [4].
Here, we describe the 12th case of IAS reported in Italy to
date, along with the main features of IAS in this group of
patients. Furthermore, we summarize the main character-
istics of this syndrome worldwide.

Case report

A 54-year-old Caucasian male was referred to our hos-
pital in June 2015 with frequent episodes of hypoglyce-
mia. Since January 2015, he had experienced recurrent
attacks of malaise, sweating, palpitations and tremors,
both when fasting and after meals, with a documented
hypoglycemia during these episodes (his plasma glucose
levels were approximately 2.2-2.78 mmol/L). The symp-
toms disappeared after the ingestion of food. His body
mass index (BMI) was within the normal range. He had a
history of hypertension, an impaired fasting glucose tol-
erance and paroxysmal atrial fibrillation. He was taking
perindopril/indapamide until January, then switched to
ramipril, flecainide and acetylsalicylic acid. For a few
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days immediately before the onset of his hypoglycemic
symptoms, he had been taking two dietary supplements
containing B group vitamins and chromium. The patient
denied any use of exogenous insulin or oral hypoglyce-
mic drugs. He was first examined elsewhere by another
medical team, and in February 2015, he underwent a
180-min oral glucose tolerance test (OGTT) at another hos-
pital. This showed a basal glucose level of 3.72 mmol/L, a
maximum level of 16.21 mmol/L at 120 min and a nadir
of 2.89 mmol/L at 90 min. A chemiluminescence micro-
particle immunoassay (Abbott Laboratories, Wiesbaden,
Germany) revealed plasma insulin levels >4166.67 pmol/L
(normal values [nv]: 18.75-72.22 pmol/L) at each time
point during the OGTT, and C-peptide levels of 2.17 nmol/L
at the baseline and 2.89 nmol/L at the glucose nadir (nv:
0.26-1.72 nmol/L). A tentative diagnosis of insulinoma
prompted an abdominal computed tomography (CT)
scan and a total body 68Ga-DOTANOC positron emission
tomography (PET)-CT scan, both of which were nega-
tive. The patient was then referred to our Endocrine Unit
in Padova. On physical examination, he was apparently
healthy, with a BMI of 24.5. Laboratory findings, includ-
ing thyroid and adrenal function, were all normal except
for slightly increased chromogranin A levels, at 110 ng/L
(nv: <84.7 ng/L). A 300-min OGTT test was carried out to
investigate reactive hypoglycemia: the basal glucose level
was 5.30 mmol/L, with a maximum level of 16.90 mmol/L
at 90 min and a nadir of 2.60 mmol/L at 240 min. Plasma
insulin ranged from a basal level of 243.06 pmol/L to a
peak of 763.89 pmol/L at 120 min and 368.06 pmol/L at
the glucose nadir (nv: 0-202.08 pmol/L), and C-peptide
levels were 0.89 nmol/L at the baseline and 1.46 nmol/L at
the glucose nadir (nv: 0.29-2.35 nmol/L); both measured

Table 1: Results in 75-g oral glucose tolerance tests.
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at our institution by chemiluminescent immunometric
assay (Siemens Automated Immunolite 2000, Siemens
Medical Solutions Diagnostic, Malvern, PA, USA). Plasma
glucose levels at 120 min of the OGTT were diagnostic for
diabetes mellitus (Table 1). A test for IAA was judged to be
necessary, and the serum was sent to FIRS Laboratories in
Cardiff (UK).

While awaiting the result of the IAA assay, a 72-h
fasting test was conducted, and no particular symptoms
were noted. During this test, the plasma glucose nadir
(3.57 mmol/L) occurred at the end of the fast and corre-
sponded to inappropriately high insulin and C-peptide
levels (145.8 pmol/L and 0.4 nmol/L, respectively; Table 2),
whereas the concentration of proinsulin (2.40 pmol/L)
was no higher than normal (nv: 0.70-8.30 pmol/L). The
IAA test conducted by FIRS Laboratories revealed the IgG
class of immunoglobulins at 483.20 IU/mL (nv: <0.4 IU/
mL), using a radioimmunoassay (RIA) kit (Ria-IAA, from
RSR Ltd, Cardiff, UK; www.rsrltd.com). The patient carried
the human leukocyte antigen (HLA) allele DRB1*0403.
Taken together, the clinical symptoms and laboratory
findings were consistent with a case of IAS.

Following our investigations, the patient was dis-
charged with the recommendation to eat frequent, small
meals and to avoid simple sugars. He was prescribed no
specific medication but continued to take ramipril, fle-
cainide and acetylsalicylic acid for his previously diag-
nosed conditions. None of these drugs contain sulfhydryl
groups, and the patient had taken no o-lipoic acid. The
patient described here consequently represents a case
of spontaneous IAS. During the subsequent follow-up,
the hypoglycemic episodes became less and less fre-
quent, ceasing altogether after a few months. At 6-month

Time, min Date: 29/05/2015 Date: 14/03/2016 Date: 30/11/2016

Insulin autoantibodies, 483.20 IU/mL? Insulin autoantibodies, 115 IU/mL*? Insulin autoantibodies, 39 IU/mL?

Glucose, Insulin, C-peptide, Glucose, Insulin, C-peptide, Glucose, Insulin, C-peptide,

mmol/L" pmol/L¢ nmol/L¢ mmol/L" pmol/L¢ nmol/L¢ mmol/L" pmol/L¢ nmol/L¢
Basal 5.30 243.06 0.89 5.60 298.61 0.86 6.00 180.56 0.63
15 6.90 320.14 1.39 6.80 346.53 1.13 7.90 320.14 1.16
30 10.80 361.11 1.82 9.40 409.72 1.32 10.80 375.00 1.36
60 14.90 486.11 2.78 13.50 631.94 2.28 13.60 583.33 2.35
90 16.90 638.89 4.04 13.10 784.72 3.18 12.10 701.39 3.64
120 15.20 763.89 3.91 9.30 902.78 3.31 8.90 638.89 3.71
150 10.50 743.06 4.30 5.50 722.22 2.98 5.40 437.50 2.32
180 6.20 555.56 3.31 4.10 527.78 1.72 4.20 361.11 1.62
240 2.60 368.06 1.46 3.00 430.56 1.46 3.70 270.83 1.09
300 3.40 277.78 0.86 3.80 354.17 0.93 4.60 236.11 0.76

2Insulin Ab normal values (nv) <0.4 IU/mL; *glucose nv: 3.7-5.6 mmol/L; cinsulin nv: 0-202.08 pmol/L; ‘C-peptide nv: 0.29-2.35 nmol/L.
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Table 2: Seventy-two-hours fasting test.

Time, h  Glucose, mmol/L* Insulin, pmol/L® C-peptide, nmol/L¢

8 5.9 270.8 0.9
14 4.6 201.4 0.7
20 4.53 201.4 0.6
26 4.54 201.4 0.7
32 4.10 201.4 0.7
40 3.9 187.5 0.4
46 3.65 152.8 0.5
52 3.86 173.6 0.5
58 3.6 173.6 0.5
64 3.9 173.6 0.4
70 3.57 145.8 0.4

aGlucose normal values (nv) 3.7-5.6 mmol/L; ®Insulin nv: 0-202.08
pmol/L; <C-peptide nv: 0.29-2.35 nmol/L.

follow-up, the IAA assay was repeated, and the level had
dropped to 120 IU/mL. A 300-min OGTT was repeated at
10 and 18 months after the diagnosis of IAS and showed
an improved glucose tolerance and glycemia at 300 min
(see Table 1). Further IAA tests at 10 and 18 months, per-
formed in the same laboratory, showed a steady decrease
in the autoantibody levels to 115 IU/mL and then 39 IU/
mL. Tests were negative for all the other main organ-
and non-organ-specific autoantibodies (to thyroid per-
oxidase, thyroglobulin, tissue transglutaminase [IgA and
IgG], parietal cell, islet cell, glutamic acid decarboxylase,
second islet autoantigen, adrenal cortex, 21-hydroxylase,
side chain cleavage enzyme, 17-o hydroxylase, tryptophan
hydroxylase, interferon omega, L-amino acid decarboxy-
lase and anti-ENA). Although nuclear autoantibodies
were detectable at a titer of 1:160 with homogeneous and
mitotic fuse patterns, the patient showed no clinical signs
of autoimmune rheumatic disease. Electrophoretic analy-
sis of his serum proteins was normal, with no evidence of
monoclonality.

Ethical conduct of research

Informed consent was obtained from the patient involved
in this study.

Discussion

IAS worldwide

IAS is caused by the presence of a significant amount of
endogenous IAA with a high binding avidity for insulin,

Censi et al.: Insulin autoimmune syndrome =— 3

triggered by infections and/or due to the presence of
insulin receptor antibodies (type-B insulin resistance) [5].
Autoantibodies specifically against human insulin can be
found in some subjects with established autoimmunity [6]
and in patients with type 1 diabetes mellitus (especially
in younger individuals) [7]. IAA have also been described
in up to 2% of blood samples taken from healthy blood
donors [8], but at low titers they have no pathological
manifestations.

The mechanism behind the hypoglycemic episodes
in IAS is probably related to the binding of IAA to endog-
enous insulin and the formation of insulin/autoantibody
complexes, which — on dissociation — release biologi-
cally active insulin via a mechanism that depends not
on blood glucose levels but on affinity constants of the
bound IAA/insulin. During fasting, insulin concentra-
tions are relatively low, and most autoantibody binding
sites are unoccupied. When endogenous insulin levels
increase (stimulated by food intake), the insulin mol-
ecules bind to the available sites on the IAA. The insulin/
autoantibody complexes thus formed become dissociated
in the postprandial phase (when the endogenous levels
of insulin drop), leading to the release of biologically
active unbound insulin and consequent hypoglycemia.
This form of IAS is considered an autoimmune disease
that would fit a novel concept of type VII hypersensitivity
characterized by the presence of autoantibodies against
circulating hormones or other circulating proteins [9, 10].
IAA also have the potential to interfere in some insulin,
C-peptide and proinsulin immunoassays. A recent review
on IAS [5] shed light on the pathophysiology and hetero-
geneity of endogenous antibodies and their clinical and
analytical repercussions. In fact, antibodies have certain
characteristics — such as intrinsic association/dissocia-
tion rate constants, titer/concentration and valency (high-
affinity/low-capacity, or high-capacity/low-affinity) — that
can determine a patient’s symptoms and interfere with
insulin, C-peptide and proinsulin laboratory tests.

Type-B insulin resistance is characterized by insulin
receptor antibodies and usually causes insulin resist-
ance associated with moderate-to-severe hyperglycemia.
Patients manifest hypoglycemia, however, in 24% of
cases, due to an agonistic effect of the antireceptor anti-
body. Hypoglycemia may be preceded by hyperglycemia,
or it may be the first sign of the syndrome. Many patients
have a fluctuating clinical course because of the simul-
taneous presence of agonistic and antagonistic insulin
receptor antibodies, in variable titers and ratios [2, 5, 11].

Another possible mechanism behind IAS is the pres-
ence of a high-capacity, low-affinity paraprotein, capable
of causing hypoglycemia associated with high plasma
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insulin levels and relatively low C-peptide levels, and of
delaying insulin clearance from the plasma insulin that
remains available to bind its receptor due to the relatively
weak affinity of the IgA for insulin [12].

In Japan, most patients with IAS had polyclonal IAA
of the IgG class [13], whereas the IAA were monoclonal in
more than half of the reported cases of IAS in non-Asian
patients [2]. Although the most common IAA immuno-
globulin class is IgG, cases of IgA and IgM IAA have been
reported too [12, 14].

As far as triggers are concerned, in nearly half of
the Caucasian patients described in the literature whose
underlying causes and comorbidities were described,
IAS had developed after exposure to drugs or other sub-
stances, especially those containing a sulfhydryl group
(methimazole, penicillamine, o-lipoic acid, procaina-
mide, hydralazine, etc.) [2], as seen in Japanese people
[15]. Tt has been suggested that sulfhydryl groups are
capable of binding and reducing sulfhydryl bonds that
connect insulin chains A and B, making the self-antigen
more immunogenic [3]. Drugs containing a sulfhydryl
group may therefore cause or facilitate the development
of IAA and IAS. In most non-Asian patients, however, the
syndrome is associated with autoimmune or hematologi-
cal diseases, and particularly with benign gammopathy
and multiple myeloma — an association not often seen
in Japanese patients [2]. Viral infections (e.g. mumps,
rubella, chickenpox and measles) acting as super-anti-
gens or molecular mimickers have also been reported as
triggers [16]. It is only in a minority of Caucasian patients
that IAS developed spontaneously, unassociated with
any exposure to drugs, infections or autoimmune/hema-
tological diseases [2, 17, 18]. When first reported, IAS was
considered a rare condition, but its incidence has been
increasing, possibly due to the widespread use of health
supplements containing o-lipoic acid (also called thioctic
acid) [19]. When taken orally and in the presence of NADH
or NADPH, o-lipoic acid is reduced to dihydrolipoic acid,
a compound containing a sulfhydryl group with a strong
reducing activity [20]. a-Lipoic acid was used in the past
to treat diabetic neuropathy. It was also used in Europe,
the United States and Japan to manage acute necrotic
encephalopathy, subacute necrotic encephalopathy and
toxic hearing loss. Since 2004, a-lipoic acid has also been
included in antiaging health supplements available in
Japan and other countries [13, 21].

In Caucasian patients, IAS affects men and women
equally, and it is more common in individuals over
40 years of age [2]. It is very rare in children, with one case
in Brazil described in 2013, and only eight pediatric cases
reported in the literature [22].
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Early research on the genetic background of IAS indi-
cated that it was associated with antigen DR4 of the HLA
[23], but subsequent studies have shown that in Japanese
patients it is associated with DRB1*0406 (odds ratio 56.6),
and less frequently with DRB1*0403 and 0407 (odds ratios
1.6 and 1.0, respectively), whereas Caucasian patients
more frequently carry HLA-DRB1*0403 [24].

From 1970 to 2009, there were 380 cases of IAS identi-
fied in Japan, where it is the third most common cause of
hypoglycemia [15]. Outside Japan, IAS is very uncommon.
From 1985 to 2013, there were 73 cases reported in China,
and 64 of these patients had taken medication contain-
ing sulfhydryl compounds prior to the onset of their IAS
symptoms [25]. Only one case has been reported in India to
date, in a patient taking three drugs that contained sulfur
and hydrogen atoms (pantoprazole, clopidogrel and tora-
semide) [26]. Among Caucasians individuals, after the first
two cases described in Norway [27], another 70 cases have
been reported in western European countries and North
and South America [2, 17, 18, 20, 28-30].

IAS in Italy

Our patient is the 12th case of IAS to be reported in Italy so
far (see Table 3 for details of the other 11 cases [17, 18, 20,
28-30]). All these patients were Caucasian, 11/12 of them
adults (median age, 58 years; range, 40-78 years), and
there was one child. Seven patients developed IAS after
exposure to o-lipoic acid, in four (including the present
case), the onset of IAS was spontaneous, and in one case,
the cause was not reported. None of the cases of IAS in
Italy were associated with methimazole therapy, prob-
ably because Graves’ disease in Italian patients tends
to be associated with DRB1*03, which differs from the
HLA DRB1*0406 found in Japanese patients with Graves’
disease [31]. HLA results were available for nine of the
Italian patients with IAS: six were DRB1*0403, two were
DRB1*0406 and one was DRB1*0407.

Six of the seven patients whose IAS related to o-lipoic
acid exposure needed prednisone treatment (with diazox-
ide too in one case) for 20-100 days to improve their
symptoms, whereas one patient only needed to eat more
frequently. Out of four patients with spontaneous IAS, two
required plasmapheresis (plus prednisone treatment in
one), one needed prednisone and acarbose and only one
(our case) needed no medication because his symptoms
were well controlled by eating smaller, more frequent
meals.

In the case described here, an OGTT performed
after the onset of symptoms suggested overt diabetes,
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whereas the same test repeated 10 months later (after
the patient’s IAA titers had dropped) revealed only an
impaired glucose tolerance (Table 1). This goes to show
that patients with IAS may paradoxically have hypergly-
cemia immediately after a meal or oral glucose challenge
[17]. Insulin secreted in response to rising glucose levels
after a meal is bound by IAA, giving rise to a reduction
in the insulin available to bind to the receptors in target
tissues, and thus impairing glucose metabolism. This
hyperglycemic effect is dose dependent at IAA level. An
impaired glucose tolerance and overt diabetes do not rule
out a diagnosis of IAS, and high HbA, levels are common
in patients with IAS [2]. A history of diabetes was reported
in one of six patients described by Gullo et al. [20], and
both Annese et al. [18] and Dozio et al. [17] reported an
impaired glucose tolerance on OGTT in patients with high
IAA titers (Table 3).

Our patient revealed no monoclonal pattern on elec-
trophoretic analysis of the protein, but 5 of the 11 Italian
patients with IAS tested for other autoimmune conditions
were found to be affected (2 with chronic thyroiditis, 1
with rheumatoid arthritis, 1 with glomerulonephritis and
1 with high ANA titers) (see Table 3).

Present case report discussion

As mentioned previously, testing for insulin antibodies
is mandatory in the differential diagnosis of hypoglyce-
mia in non-diabetic patients. In fact, patients with IAS
caused by IAA typically have high serum insulin levels,
and their C-peptide and proinsulin concentrations may
or may not be raised, depending on the characteristics
of the antibodies causing the IAS and the reagents used
in the immunoassays [5]. The presence of IAA can thus
mimic a variety of scenarios, e.g. an insulinoma when
insulin, C-peptide and proinsulin levels are high, or a
self-administration of injectable insulin when insulin
levels are high, but C-peptide and proinsulin levels
are low. The patient may consequently be submitted to
many useless and expensive tests, or even pancreatic
surgery. In the early 1970s, partial pancreas excision
surgery was performed in six patients with IAS misdiag-
nosed as cases of insulinoma: on histological examina-
tion, hyperplasia of pancreatic islets in the excised part
of the pancreas was reported, with no sign of inflam-
mation in the islets or peri-insular tissues [28, 32]. Our
patient underwent a pointless abdominal CT, total body
68Ga-DOTANOC PET-CT and 72-h fasting test to rule out
a hypothetical insulinoma and was examined by two
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medical teams before receiving a diagnosis of IAS. All
these expensive and time-consuming tests would not
have been performed if an IAA assay had been included
among the first-line investigations. IAA assay as a first-
line test is also fundamental to the proper interpretation
of laboratory test findings when investigating hypoglyce-
mia of undetermined origin in non-diabetic Caucasians.
Unfortunately, it is not done at our laboratory, and the
patient’s sera had to be sent elsewhere. Other tests were
performed to rule out an insulinoma while awaiting the
result of the assay, although the fact that the patient’s
proinsulin levels were not high (2.4 pmol/L) should have
raised the need of ruling out the presence of IAA at an
early stage (according to the Endocrine Society Guide-
lines, proinsulin levels above 5 pmol/L are suspicious for
endogenous insulin production) [3]. Measuring insulin
with two different commercial kits is not always enough
to reveal IAA interference, as our case report shows. In
efforts to rule out the presence of IAA, it is also impor-
tant to hear in mind their heterogeneity: although they
are usually IgG class immunoglobulins, IAA can also
belong to other classes, but commercially available kits
can often only identify the IgG class (as in the case of the
two-step RIA for the quantitative determination of IAA
that we used). To avoid misleading results, it is of para-
mount importance for the initial IAA test used to be able
to detect all immunoglobulin classes and subclasses [4].
Polyethylene glycol can precipitate all immunoglobulin
IAA, and it is an inexpensive procedure within the capa-
bilities of any clinical laboratory, so it should always be
adopted, possibly followed by the identification of the
specific class of IAA. In some cases of hypoglycemia of
unexplained origin, with normal or elevated insulin and
C-peptide levels, the presence of insulin receptor anti-
bodies should be taken into consideration too.

In conclusion, autoimmune forms of hypoglycemia
are rare among Caucasians but should be taken into con-
sideration in the setting of unsuppressed insulin levels.
The importance of testing for IAA in adult patients with
hypoglycemia without diabetes mellitus has also been
underscored in Endocrine Society Clinical Practice
Guidelines [3].

Acknowledgments: IAA and some other organ-specific
autoantibodies were measured at FIRS Laboratories, RSR
Ltd, Parc Ty Glas Llanishen, Cardiff, (UK), using kits pro-
vided by RSR Ltd [www.rsrltd.com].

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: None declared.

Brought to you by | University of Sussex Library
Authenticated
Download Date | 9/17/17 2:44 PM


www.rsrltd.com]

DE GRUYTER

Employment or leadership: None declared.

Honorarium: None declared.

Competing interests: The funding organization(s) played
no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the
decision to submit the report for publication.

References

1

10.

11.

12.

13.

14.

Hirata VY, Ishizu H, Ouchi N, Motomura S, Abe M, Hara Y, et al.
Insulin autoimmunity in a case of spontaneous hypoglycemia.
J Jpn Diabetes Soc 1970;13:312-20.

. Lupsa MD, Chong AY, Cochran EK, Soos MA, Semple RK, Gorden

P. Autoimmune forms of hypoglycemia. Medicine (Baltimore)
2009;88:141-53.

. Cryer PE, Axelrod L, Grossman AB, Heller SR, Montori VM,

Seaquist ER, et al. Evaluation and management of adult
hypoglycemic disorders: an endocrine society clinical practice
guideline. ] Clin Endocrinol Metab 2009;94:709-28.

. Ismail AA. Testing for insulin antibodies is mandatory in the dif-

ferential diagnosis of hypoglycaemia in nondiabetic subjects.
Clin Endocrinol (Oxf) 2012;76:603-4.

. Ismail AA. The insulin autoimmune syndrome (IAS) as a cause

of hypoglycaemia: an update on the pathophysiology, bio-
chemical investigations and diagnosis. Clin Chem Lab Med
2016;54:1715-24.

. Wilkin TJ, Nicholson S. Autoantibodies against human insulin. Br

Med ] (Clin Res Ed) 1984;288:349-52.

. Fineberg SE, Biegel AA, Durr KL, Hufferd S, Fineberg NS, Ander-

son JH. Presence of insulin autoantibodies as regular feature of
nondiabetic repertoire of immunity. Diabetes 1991;40:1187-93.

. Sodoyez JC, Sodoyez-Goffaux F, Koch M, Sondag D, Bouillenne

C, Frangois-Gérard C, et al. Clonally restricted insulin autoanti-
bodies in a cohort of 2200 healthy blood donors. Diabetologia
1900;33:719-25.

. Uchigata VY, Hirata Y, Omori Y. A novel concept of type VII

hypersensitivity introduced by insulin autoimmune syndrome
(Hirata’s disease). Autoimmunity 1995;20:207-8.

Cugno M, Castelli R, Marco Cicardi M. Angioedema due to
acquired Cl-inhibitor deficiency: a bridging condition between
autoimmunity and lymphoproliferation. Autoimmunity Rev
2008;8:156-9.

Flier JS, Bar RS, Muggeo M, Kahn CR, Roth J, Gorden P.

The evolving clinical course of patients with insulin receptor
autoantibodies: spontaneous remission or receptor proliferation
with hypoglycemia. JCEM J Clin Endocrinol Metab 1978;47:
985-95.

Halsall DJ, Mangi M, Soos M, Fahie-Wilson MN, Wark G,
Mainwaring-Burton R, et al. Hypoglycemia due to an insulin
binding antibody in a patient with an IgA-kappa myeloma. ) Clin
Endocrinol Metab 2007;92:2013-6.

Uchigata Y. The novel agent, a-lipoic acid, can cause the
development if insulin autoimmune syndrome. Internal Med
2007;46:1321-2.

Elias D, Cohen IR, Schechter, Spirer Z, Golander A. Antibodies to
insulin receptor followed by anti-idiotype. Antibodies to insulin in
child with hypoglycemia. Diabetes 1987;36:348-54.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Censi et al.: Insulin autoimmune syndrome =—— 7

Uchigata Y, Hirata Y, Iwamoto Y. Drug-induced insulin auto-
immune syndrome. Diabetes Res Clin Practice 2009;83:e19-20.
Bodansky HJ, Grant P}, Dean BM, McNally J, Bottazzo GF,
Hambling MH, et al. Islet-cell antibodies and insulin autoan-
tibodies in association with common viral infections. Lancet
1986;13;2:1351-3.

Dozio N, Scavini M, Beretta A, Sarugeri E, Sartori S, Belloni C,
et al. Imaging of the buffer ring effect of insulin antibodies in
the autoimmune hypoglycemic syndrome. ] Clin Endocrinol
Metab 1998;83:643-8.

Annese S, Fadini G, Maran A. Caso di ipoglicemia autoimmune
trattata con plasmaferesi. G It Diabetol Metab 2008;28:162-4.
Furukawa N, Miyamura N, Nishida K, Motoshima H, Taketa K,
Araki E. Possible relevance of o lipoic acid contained in a health
supplement in a case of insulin autoimmune syndrome. Diabe-
tes Res Clin Pract 2007;75:366-7.

Gullo D, Evans JL, Sortino G, Goldfine ID, Vigneri R. Insulin
autoimmune syndrome (Hirata’s disease) in European Cauca-
sians taking a-lipoic acid. Clin Endocrinol (Oxf) 2014;81:204-9.
Takeuchi Y, Miyamoto Y, Kakizawa T, Shigematsu S, Hashizume
K. Insulin autoimmune syndrome possibly caused by o lipoic
acid. Intern Med 2007;46:237-9.

Alves C, Constanca J, De Le6n DD, Snider K, Stanley C. A novel
atypical presentation of insulin autoimmune syndrome (Hirata’s
disease) in a child. | Pediatr Endocrinol Metab 2013;26:1163-6.
Uchigata Y, Kuwata S, Tokunaga K, Eguchi Y, Takayama-Hasumi
S, Miyamoto M, et al. Strong association of insulin autoimmune
syndrome with HLA-DR4. Lancet 1992;339:393-4.

Uchigata Y, Hirata Y, Omori Y, Iwamoto Y, Tokunaga K. Worldwide
differences in the incidence of insulin autoimmune syndrome
(Hirata disease) with respect to the evolution of HLA-DR4 alleles.
Hum Immunol 2000;61:154-7.

Wang YL, Yao PW, Zhang XT, Luo ZZ, Wu PQ, Xiao F. Insulin
autoimmune syndrome: 73 cases of clinical analysis. Chin Med )
2015;128:2408-9.

Gopal K, Priya G, Gupta N, Praveen EP, Khadgawat R. A case of
autoimmune hypoglycemia outside Japan: rare, but in the era of
expanding drug-list, important to suspect. Indian J Endocrinol
Metab 2013;17:1117-9.

Follig I, Norman N. Hyperglycemia, hypoglycemia attacks, and
production of anti-insulin antibodies without previous known
immunization. Immunological and functional studies in a
patient. Diabetes 1972;21:814-26.

Meschi F, Dozio N, Bognetti E, Carra M, Cofano D, Chiumello G.
An unusual case of recurrent hypoglycemia: 10-years follow-up
of a child with insulin autoimmunity. Eur | Pediatr 1992;151:
32-4.

Bresciani E, Bussi A, Bazzigaluppi E, Balestrieri G. Insulin
autoimmune syndrome induced by o lipoic acid in a Caucasian
woman: a case report. Diabetes Care 2011;34:e146.

Balestrieri A, Magnani E, Ragazzini C, Pasini G. Primary insulin
autoimmune syndrome in an Italian woman: a case report. Ital ]
Med 2015;9:169-72.

Petrone A, Giorgi G, Galgani A, Alemanno I, Corsello SM,
Signore A, et al. CT60 single nucleotide polymorphisms of the
cytotoxic T-lymphocyte-associated antigen-4 gene region is
associated with Graves’ disease in an Italian population. Thyroid
2005;15:232-8.

Uchigata Y, Hirata Y. Insulin autoimmune syndrome (IAS, Hirata’s
disease). Ann Med Interne (Paris) 1999;150:245-53.

Brought to you by | University of Sussex Library
Authenticated
Download Date | 9/17/17 2:44 PM



