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Background: Exogenous insulin antibody syndrome (EIAS) is an immunological disorder caused by circulating insulin antibodies
(IAs), featuring hypersensitivity to exogenous insulin and insulin resistance. With the wide use of recombinant human insulin and
insulin analogs, there has been a significant proliferation of EIAS.

Case Report: We describe two cases of diabetes mellitus (DM) with hyperinsulinemia and high serum levels of IAs. They had never
been exposed to methimazole, glutathione, lipoic acid, and other sulthydryl drugs, but they all received insulin treatment. The patient
in case 1 had recurrent hypoglycemia before hospitalization. A prolonged oral glucose tolerance test (OGTT) showed hypoglycemia
with inappropriately high insulin levels. The patient in case 2 was hospitalized for diabetic ketosis. An OGTT indicated hyperglycemia
with hyperinsulinemia and low levels of C-peptide. IAs induced by exogenous insulin in the two patients with DM were positive at
high titers, prompting a diagnosis of another condition—EIAS.

Conclusion: We discussed the differences between these two cases of EIAS in clinical manifestations and treatment and summarized
all patients of EIAS treated in our department to date.
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Introduction

Classical insulin autoimmune syndrome (IAS) is a rare autoimmune condition caused by the presence of endogenous
antibodies that bind insulin and/or proinsulin.' It features high serum levels of insulin autoantibody (IAA), hyperinsu-
linemia, hypoglycemia, and no history of exposure to exogenous insulin.” Hypoglycemia usually develops 2—6 h after
meals, following an early postprandial hyperglycemia. In the peripheral blood, a large amount of insulin and/or
proinsulin was bound to IAA, just like a reservoir. When insulin and/or proinsulin were separated from IAA, bioactive
insulin was released into the blood and continued to cause hypoglycemia of varying severity, usually within 2 h to 6 h or
longer.® In recent years, glycemic dysregulation and hypoglycemia cases in individuals receiving exogenous insulin
therapy have accumulated in patients with diabetes mellitus (DM). These patients have been labeled as having IAS, but
more recently, the term exogenous insulin antibody syndrome (EIAS) has been used to distinguish this group of patients
from those with IAS.*® EIAS is an immunological disorder caused by circulating insulin antibodies (IAs), featuring
hypersensitivity to exogenous insulin and insulin resistance. With the wide use of recombinant human insulin and insulin
analogs, there has been a significant proliferation of EIAS. The essential characteristics of this condition are glycemic
dysregulation manifesting as episodes of hyperglycemia and unpredictable hyperinsulinemic hypoglycemia associated
with high titers of IAs.” EIAS is determined by genetic instability, immunogenicity, formulation, and injection mode of
insulin.® Previous studies indicated that the presence of histocompatibility leukocyte antigen (HLA)-DR4 and HLA-DR7
may increase the titers of IAA.° Recombinant human insulin and insulin analogs are generally used at present. Although
the amino acid sequence of recombinant human insulin is consistent with human insulin, it can induce IAs.'® There is no
significant difference in the production of IAs between insulin analogs in which amino acid sequences have been slightly

modified by the recombinant human insulin.'' However, levels of IAs may increase following the delivery of
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recombinant human insulin with implantable insulin pumps (IIPs), prompting the need for applying surfactants or
polyethylene glycol on the surface of pump reservoirs.'? Nevertheless, evidence of EIAS is limited. The exact incidence,
clinical features, and genetic susceptibility of EIAS are still unclear. In this study, we collected clinical cases to
summarize the manifestation, genetic susceptibility, and treatment of EIAS.

Case Report |

A 49-year-old male came to our hospital to seek medical advice in May 2020 with frequent episodes of hypoglycemia.
Since January 2020, he had experienced recurrent attacks of dizziness, palpitations, tremors, and sweating, both when
fasting and after meals, with a documented hypoglycemia (peripheral blood glucose levels were approximately 2.8-3.5
mmol/L). The symptoms were relieved after food intake. He had a history of type 2 diabetes (T2D) for 10 years. His
glucose concentration was well controlled initially after diagnosis with metformin. One year ago, metformin was changed
to Novolin 30R for weight loss. He denied suffering from hyperthyroidism and other autoimmune diseases, and using
glutathione and lipoic acid. Then, he was hospitalized for frequent hypoglycemia. On physical examination, he was
healthy, with a Body Mass Index(BMI) of 19.1 kg/m?. A tentative diagnosis of insulinoma prompted a negative
abdominal computed tomography (CT) scan. The laboratory findings, the level of growth hormones, thyroid, and adrenal
function were all normal except for slightly increased antibodies to a cyclic citrullinated peptide (ACCP) at 17.36 w/mL
(average value: < 1 u/mL). The IA test revealed that the class of immunoglobulins was 35.43 U/mL [average value: 0.00—
0.40 U/mL, radioligand-binding assay (RBA)]. The HLA allele of this patient was DRB1*0405.

A 300-min oral glucose tolerance test (OGTT) of 82.5g anhydrous glucose was carried out on 07:00 07/06/2020 to
investigate reactive hypoglycemia: the basal glucose level was 5.60 mmol/L, with a maximum level of 17.20 mmol/L at
120 min and a nadir of 3.20 mmol/L at 300 min. The plasma insulin ranged from a basal level of 732.10 mIU/L to a peak
of 1420.00 mIU/L at 120 min. C-peptide levels (average value: 0.37-1.47mmol/L) were 1.43 nmol/L at the baseline and
3.16 nmol/L at the peak. The islet function of the patient exists, but C-peptide secretion was insufficient after glucose
stimulation. The patient underwent 54.9 hours of continuous glucose monitoring (CGM) after admission, which revealed:
time in range (TIR) (3.9 mmol/L < PT < 10 mmol/L) of 41.30% (22 h 40 min), time above range (TAR) (PT > 13.9
mmol/L) of 21.67% (11 h 53 min), time below range TBR (PT <3.9 mmol/L) of 6.76% (3 h 42 min). Hypoglycemia
occurred between 12 a.m. to 4 a.m. He was treated with acarbose (100 mg three times a day) instead of insulin injections
and prescribed to take leflunomide for rheumatoid arthritis. During the subsequent follow-up, the hypoglycemic episodes
became less frequent and ceased altogether after a few months. The IAs assay and a 180-min OGTT were repeated at 8
and 15 months after the diagnosis of EIAS (see Table 1 and Figure 1).

Table | Laboratory Investigations of Case |

Date, h Date: 07/06/2020 Date: 03/08/2020 Date: 20/11/2020 Date: 24/08/2021
IAA(++) IAA(+) IAA(+-) 1AA(-)
Therapy Therapy Therapy Therapy
Acarbose 100mg-50mg-50mg Acarbose 50mg-50mg-50mg Acarbose 50mg-50mg-50mg Acarbose 50mg-50mg-50mg
Glucose | Insulin C-peptide | Glucose | Insulin C-peptide | Glucose | Insulin | C-peptide | Glucose Insulin | C-peptide
mmol/L mlU/L nmol/L mmol/L milU/L nmol/L mmol/L mlU/L nmol/L mmol/L mlU/L nmol/L
0 5.6 732.1 1.43 6.7 357 0.89 76 256 0.94 6.3 154 0.74
0.5 1.4 852 1.91 9.9 380 1.1 8.9 277 I 78 181 1.3
| 16.6 908 228 14.1 468 1.66 1.2 319 1.35 10.2 242 1.7
2 17.2 1420 3.16 13.2 723 2.69 10 352 1.54 85 248 1.85
3 8.9 1150 249 6.3 595 1.85 13.4 399 2.06 9.5 272 224
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Figure | Glucose, insulin, and C-peptide in the OGTT of case | before and after treatment.

Case Report 2

A 65-year-old female was admitted in September 2020 for diabetic ketosis. She had a history of T2D for 16 years.
Acarbose and metformin were initially prescribed but were switched to insulin Aspart 30 (20—15 units twice a day)
because of poor glucose control since November 2019. She denied a history of using lipoic acid and any drug containing
sulfur/sulthydryl groups (eg, thiols with -SH) such as methimazole, captopril, D-penicillamine, hydralazine, glutathione,
methionine, mercaptans, clopidogrel, aurothioglucose, imipenem, penicillin G, and diltiazem.'*™'* Since June 2020, she
had experienced polydipsia and a 10 kg weight loss without any symptoms of hypoglycemia. Her peripheral blood sugar
concentrations increased to 20 mmol/L. The patient sought medical advice from our Endocrine Unit. Laboratory tests
showed positive ketone body, hyperinsulinemia, and positive IAs. After being admitted to our hospital, her physical
examination found her to be very thin, with a BMI of 17.71 kg/m*. Laboratory findings, the level of growth hormone,
thyroid and adrenal function, and indexes of autoimmune antibodies were all normal except for hyperlipidemia. Thyroid
B-ultrasound and abdominal CT scan were negative. The [As test revealed that the class of immunoglobulins were
strongly positive (3+): > 50 U/mL (average value: 0.00-0.40 U/mL, RBA). The HLA allele of this patient was
DRB1*0403.

A 300-min OGTT 82.5g anhydrous glucose was carried out on 07:00 11/09/2020: the basal glucose level was 13.60
mmol/L, with a maximum level of 22.30 mmol/L at 180 min. The plasma insulin ranged from a basal level of 531.50
mlU/L to a peak of 973.00 mIU/L at 240 min, and C-peptide levels (average value: 0.37—-1.47mmol/L) were 0.41 nmol/L
at the baseline and 0.87 nmol/L at the peak. CGM was performed for 72 hours after admission, which revealed: TIR (3.9
mmol/L <PT <10 mmol/L) of 4.15% (2 h 59 min), TAR (PT > 13.9 mmol/L) of 95.85% (69 h 1 min), TBR (PT <3.9
mmol/L) of 0% (0 min). The patient was hospitalized due to an acute complication of diabetes (diabetic ketosis), and her
pancreatic islet function was inferior. After hospitalization, she was continuously monitored for hyperglycemia instead of
hypoglycemia. After an intravenous infusion of a small dose of insulin and a large amount of liquid supplement, the
ketosis of the patient was relieved. Intensive insulin treatment was given to her after she turned negative for ketone
bodies; however, the glucose did not drop significantly compared with that before treatment. Her treatment regimen was
changed to acarbose (50 mg three times a day), metformin (0.5 g twice a day), and glargine (18 units once a day). In
addition, prednisone was added (5 mg three times a day) for five days. Following this treatment, her glucose level
improved gradually. The laboratory tests during follow-ups are shown in Table 2 and Figure 2.

Discussion

The two cases described here had a definite history of diabetes and exogenous insulin therapy before admission. Both
patients denied using drugs containing sulfur/sulfhydryl groups or viral infections/reinfections. The condition featured
hyperinsulinemia, high serum levels of [As, and an overt history of exposure to exogenous insulin. The levels of insulin

and [As decreased gradually after withdrawal or changed to another type of exogenous insulin. Therefore, we temporarily
identified these cases as EIAS.
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Table 2 Laboratory Investigations of Case 2

Date, h Date: 11/09/2020 Date: 03/02/2021 Date: 17/06/2021
IAA(++) IAA(+) IAA(+-)
Therapy Therapy Therapy
Glargine 18U+Acarbose 100mg tid Glargine 10U+Acarbose 50mg tid Degludec 8U+Acarbose 50mg tid
Glucose Insulin C-peptide Glucose Insulin C-peptide Glucose Insulin C-peptide
mmol/L mlU/L nmol/L mmol/L miU/L nmol/L mmol/L miU/L nmol/L
13.6 531 0.41 4.5 126 0.23 3.6 26.1 0.05
0.5 I5.1 606 0.52 8.4 254 0.32 74 383 0.12
| 18 603 0.59 10.8 263 0.58 9.8 42.6 0.47
2 22.1 833 0.87 12.3 335 0.76 .1 37.8 0.38
3 223 889 0.86 9.1 321 0.69 8.9 26.5 0.25

The patient in case 1 was admitted for frequent hypoglycemia. The C-peptide levels in the OGTT showed that the
islet function of the patient exists, hence he was treated with acarbose (100 mg three times a day) instead of insulin
injections. It has been reported that o-glucosidase inhibitors can lower plasma IAs concentrations significantly.'* After
stopping exogenous insulin, hypoglycemia gradually improved, and titers of IAs dropped. However, the patient in case 2
never experienced hypoglycemia. It goes to show that patients with EIAS may paradoxically manifest hyperglycemia.
During the treatment of this patient, combination of multiple oral hypoglycemic drugs were used successively, but blood
glucose of this patient has not been ideal. Considering the poor pancreatic function of this patient, insulin therapy was
added. Asparagus 30 was replaced with insulin glargine, with a combination of metformin and acarbose capsules.
Besides, prednisone was added (5 mg three times a day) for five days. Following this treatment, her glucose levels
improved gradually.

We have treated 17 patients with EIAS since January 2020 (see Table 3 and Table 4 for details). All of them were
diabetic patients and had received exogenous insulin therapy. Among the 17 patients, 16 were adults (median age, 58.47
+15.79 years; range, 44—77 years) and 1 was a juvenile (16 years old) with type 1 diabetes (T1D). Seven patients
developed EIAS after exposure to Aspart 30; two were exposed to Humulin 70/30, one was exposed to Novolin 30R, two
were exposed to Lispro 25, and one was exposed to Aspart and Detemir. Two of them had other autoimmune conditions
(1 with chronic thyroiditis and 1 with high ANA titers) (see Table 2). None of these cases in our hospital were associated
with Graves’ disease, probably because patients with EIAS tend to be associated with DRB1*0405, which differs from
the HLA DRB1*0406 found in Japanese patients with IAS.'* HLA results were available for the 16 patients with EIAS:
six were DRB1*0405, four were DRB1*0301, four were DRB1*1202, and two were DRB1*0901. In the current case
series, all patients with EIAS were lean, with a mean BMI of 19 kg/m>. Although none of these patients were overweight
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Figure 2 Glucose, insulin, and C-peptide in the OGTT of case 2 before and after treatment.
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Table 3 List of Medications and HLA Typing of Patients Reported in Case Series
Patients Age Sex BMI History of Cause IAA R-INS HLA Associated Therapy
DM typing
Years M/F kglm2 Years mIU/L Autoimmune
Diseases
Case | 45 M 2191 11 Aspart 30 3+ 732.1 DRBI*0405 | Rheumatoid arthritis Not specified
Case 2 64 F 19.71 16 Aspart 30 3+ 531 DRBI*0301 None Oral prednisone 30 mg/day for
5 days
3 77 F 29.35 | Aspart 30 2+ 36.2 DRBI*0901 None Not specified
4 16 M 22.84 3 Aspart 30 2+ 520 DRBI*0901 Autoimmune Not specified
thyroiditis
5 68 M 22.14 12 Humulin 70/30 3+ >1000 DRBI*0405 None Oral prednisone 30 mg/day for
7 days
6 51 F 32.04 19 Aspart 30 I+ 41.4 DRBI*1202 None Not specified
7 70 F 2281 25 Aspart 30 I+ 153 DRBI1*0405 None Not specified
8 73 M 20.4 16 Humulin 70/30 I+ 63 DRBI1*1202 None Not specified
9 68 M 18.6 13 Detemir 2+ 17 DRBI*0301 None Not specified
10 66 M 27.99 10 Detemir+Aspart 3+ 423 DRBI1*0301 None Not specified
I 58 M 23.53 18 Novolin 30R 3+ 789 DRBI1*0405 None Not specified
12 44 F 17.48 5 Humulin 70/30 3+ 532 DRBI1*¥0803 None Oral prednisone 30 mg/day for
7 days
13 75 M 20.96 16 Aspart 30 3+ 646 DRBI*0701 None Not specified
14 53 M 21.58 13 Lispro 25 2+ 367 DRBI*0405 None Not specified
15 40 F 22.75 9 Novolin 30R 3+ 372 DRBI*0301 Autoimmune Not specified
thyroiditis
16 70 F 20.35 19 Lispro 25 2+ 222 DRBI1*1202 None Not specified
17 56 M 24.88 6 Novolin 30R 2+ 152 DRBI*0901 None Not specified

Table 4 General Data and Clinical Information of Patients Reported in Case Series

Parameter Value
Age Years 58.47+15.79
Sex Male 58.82%
Course of diabetes Years 12.47+6.37
BMI kg/m? 22.90+3.81
HbAIc % 7.7£0.4
Indication for insulin TIDM 5.88%
T2DM 94.10%
LADA /
Concomitant sulfhydryl drugs | Glutathione 23.50%
Concomitant autoimmune Grave’s diseases, Hashimoto’s 11.70%
diseases thyroiditis, rheumatoid arthritis
Insulin dosage U/day 22.32%1.31
Duration of insulin use Months 11.51+1.86
Insulin types Recombinant human insulin /
Short-acting insulin /
Neutral protamine Hagedorn /
Insulin analogue
Aspart 5.88%
Glargine /
Lispro /
Detemir 11.76%
Degludec /
Premixed insulin
Premixed human insulin
(Continued)
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Table 4 (Continued).

Parameter Value
Novolin 30R 11.76%
Humulin 70/30 11.76%
Premixed insulin analogues
Aspart 30 41.17%
Lispro 25 11.76%
Clinical manifestations Hypoglycemia 41.17%
Autonomic nervous system: 11.76%

palpitations, sweating, hunger and hand

tremors
Neurological hypoglycemia: dizziness /
No symptoms of hypoglycemia 11.76%
Nocturnal hypoglycemia along with 17.64%
daytime hyperglycemia
Insulin (mIU/L) Fasting insulin levels
24.9-100 17.60%
100-300 23.52%
300-1000 53%
>1000 6%
Antibody
IAA Positive 100%
ICA Positive 11.76%
GAD Positive 5.88%
Allelic genes DRB1%04:05:01 29%
DRBI%03:01:01 23.53%
DRBI1%09:01:02 17.64%
DRBI*12:02:01 17.64%
DRB1%08:03:02 5.88%
DRBI*07:01:01 5.88%
Blood lipid
Total cholesterol (mmol/L) 6.57+1.12
Triglycerides (mmol/L) 2.62+0.85
HDL cholesterol (mmol/L) 1.12+0.53
LDL cholesterol (mmol/L) 4.57+0.67

Free fatty acid (mmol/L)

Index of inflammatory

HS-CRP (ng/L) (<3ng/L) 0.55+0.14
IL-6 (pg/mL) (<7pg/mL) 4.05+1.42
PCT (ng/mL) (<0.046ng/mL) 0.021+0.65
Index of bone metabolism
PTH (ng/L) (15-65ng/L) 48.4612.37
25-OH-VD (ng/mL) (220ng/mL) 12.60+0.94
N-MID (ng/mL) (15—46ng/mL) 10.08+0.75
B-CTX (ng/mL) (<1.008ng/mL) 0.3740.12
CT (pg/mL) (<6.4pg/mL) 0.5310.13

TPINP (ng/mL) (15.13-58.19ng/mL) 56.68+6.37

or obese, 9 out of the 17 patients suffered from dyslipidemia. In the patient in case 2, the highest cholesterol was
9.65 mmol/L, and the highest triglyceride was 10.45 mmol/L (see Table 3 for details). Whether there is a direct
relationship between dyslipidemia and EIAS needs further discussion in future research.
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The main symptom of EIAS is the fluctuation of blood glucose instead of severe spontancous hypoglycemia. Most
EIAS patients tend to have nocturnal hypoglycemia and postprandial hyperglycemia, as it was with the patient in case 1.
A suggested mechanism of postprandial hyperglycemia is insufficient endogenous insulin secretion after meals and
ineffective action of exogenous insulin bound to IAs. This results in prolonged pancreatic secretion of insulin and
C-peptide in equimolar amounts until the IAs binding capacity is exceeded. However, this combination is reversible—
when insulin dissociates continuously according to the intrinsic dissociation rate constant, a large amount of free insulin
appears in the blood, resulting in hypoglycemia.'”

The treatment of EIAS is the same as that of IAS, aiming at eliminating antibodies and stabilizing blood glucose.
Based on the islet function of the patient, either the use of insulin should be stopped or another type of insulin used, to
reduce the production of antibodies. The function of the pancreatic islet of the patient in case 1 was good, but
hypoglycemia frequently occurred, so he was treated with acarbose (100 mg three times a day) instead of insulin
injections. However, in the patient in case 2, due to the poor islet function, the type of insulin was changed. We prefer to
switch to a different kind of insulin if the islet function appears poor. If the patient’s islet function is good, we prefer
gradually reducing the insulin dose and adding oral drugs. A small prospective research study demonstrated that [As have

1."® However, it will take

a long half-life in the body, which decreases gradually within one month after insulin withdrawa
1-2 years for antibodies to disappear completely.'” From January 2020, only 3 out of the 17 patients with EIAS that we
followed up were negative for IAs. It has been reported that glucocorticoids may inhibit insulin antibody production or
promote insulin antibody immune complex dissociation.'® So, steroids were used to treat patients with IAS and EIAS in
clinical practice, although they may aggravate hyperglycemia. In the study, [As titers and insulin levels of the patient in
case 2 decreased after steroid treatment, and her blood glucose stabilized gradually. However, discontinuing the previous
insulin treatment and switching to steroid treatment may worsen glucose control in some patients.'” Due to technical
limitations, we did not classify IAs and did not conduct a PEG test to determine the generation of the complex. This is

the limitation of the study.

Conclusion

EIAS is an immunological disorder caused by circulating IAs, featuring hypersensitivity to exogenous insulin and insulin
resistance. With the wide use of recombinant human insulin and insulin analogs, there has been a significant proliferation
of EIAS. We discussed the differences between these two cases of EIAS in clinical manifestations and treatment and
summarized all patients of EIAS treated in our department to date. The main symptom of EIAS is the fluctuation of blood
glucose instead of severe spontaneous hypoglycemia. Changing insulin formulations or discontinuing insulin and
switching to oral antidiabetic agents are effective treatments for EIAS. Glucocorticoids are generally part of empirical
treatments, though the mechanism behind their therapeutic effect is yet to be clarified.
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