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ABSTRACT

Exogenous insulin antibody syndrome (EIAS),
which rarely occurs in the patient with type 1
diabetes, results in antibody-induced insulin
resistance, hyperglycemia, ketosis, ketoacidosis,
and hypoglycemia when insulin is released
from the saturated insulin antibodies. Recom-
mended treatment regimens include glucocor-
ticoids, immunosuppressants, and
plasmapheresis. In the patient with type 1 dia-
betes, glucocorticoids may by inducing and/or
worsening ketoacidosis be contraindicated.
With immunosuppressants, various anecdotal
treatment regimens have been reported. Cur-
rently the most commonly recommended regi-
men is intravenous immunosuppressive therapy
in combination with oral immunosuppressants.
Herein we describe a patient in whom oral
immunosuppressant monotherapy with
mycophenolate resulted in the cure of EIAS,
thus avoiding the expense associated with
intravenous immunosuppressant therapy and/
or hospitalization for plasmapheresis.
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Key Summary Points

Insulin antibody syndrome results in
insulin resistance, hyperglycemia and
later hypoglycemia.

Therapies for insulin antibody syndrome
are anecdotal and include plasmapheresis,
immunosuppression and glucocorticoids.

The most common current
recommendation is combined
intravenous and oral
immunosuppressants.

In this case we show the efficacy of the
more convenient and economic oral
immunosuppressant monotherapy.

INTRODUCTION

Insulin resistance is defined as the need to use
200 or more units of insulin a day or more than
2 units of insulin per kilogram of body weight.
Insulin resistance caused by the generation of
insulin antibodies has been name exogenous
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insulin antibody syndrome (EIAS) [1]. First iso-
lated in 1956, insulin antibodies were shown to
be present in 98% of patients who utilized
insulin when only insulins derived from animal
sources were available [2]. Since that time, with
the use of more purified insulins the incidence
has dropped significantly but EIAS still occurs
with the use of both human and analogue
insulins [3, 4]. Some analogues have shown
decreased antibody formation but there is no
consistent recommendation for changes in
insulin formulation to decrease insulin anti-
bodies [5, 6].

Severe insulin resistance due to exogenous
insulin antibodies is extremely rare and is esti-
mated to occur in less than 0.17% of patients
with diabetes. Insulin antibody levels have not
been shown to correlate with glycemic control.
However, the EIAS causes extreme insulin
resistance leading to post-prandial hyper-
glycemic and ketosis and severe hypoglycemia
due to release of insulin from the insulin anti-
body complex. The majority of case reports are
in patients with type 2 diabetes, and EIAS is very
uncommon in type 1 diabetes where it has been
associated with diabetic ketoacidosis (DKA).

Similar presentations have occurred in the
presence of endogenous insulin antibodies (Hi-
rata syndrome) and in the insulin receptor
antibody syndrome. Treatment of all of these
syndromes has focused on elimination of
hypoglycemia because of the increased mortal-
ity associated with hypoglycemia.

In 2010, the US National Institutes of Health
issued guidelines for the treatment of insulin
receptor antibodies causing insulin resistance.
Initial therapy is glucocorticoids; if glucocorti-
coids are not successful, treatment with oral or
intravenous immunosuppression and/or
plasmapheresis is undertaken [7]. All of these
treatments have been tried in EIAS with varying
results. However, treatment has not been insti-
tuted until the syndrome has been present for at
least 5 months. We present a patient who was
treated within 2 weeks of the diagnosis of type 1
diabetes due to rapidly accelerating insulin
requirements and recurrent DKA despite very
high doses of insulin and no hypoglycemia.

Written informed consent was obtained
from the patient.

CASE PRESENTATION

A 51-year-old woman was in her usual state of
good health until 10 days prior to hospital
admission when she suddenly developed poly-
uria, polydipsia, and weight loss accompanied
by a serum glucose of 594 mg/dl, a metabolic
acidosis, and elevated serum beta-hydroxybu-
tyrate. She had no history of glucose intolerance
or gestational diabetes though her family his-
tory was positive for type 2 diabetes in her
father as well as autoimmune thyroid disease in
her sister and a niece. She was easily treated
with a low dose intravenous insulin DKA pro-
tocol and quickly transitioned to a basal bolus
subcutaneous insulin regimen utilizing detemir
and aspart insulins. At the onset, HbA1c was
11.8%. GAD-65 antibodies were positive at
3184.1 U/ml, antipancreatic islet cell antibodies
were 1:256, and other than a positive anti-
parietal antibody a screen for other autoim-
mune endocrinopathies was negative. She was
discharged on detemir 18 units at bedtime and
aspart 8 units with each meal (0.58 units/kg).

She was seen as an outpatient 4 days after
discharge and was noted to have had a rapid
increase in glucose levels. Insulin antibodies
were measured and found to be 13 lU/ml
(normal\ 5 lU/ml). Over the next week her
insulin was rapidly increased. However, even
rapid increases in insulin doses (detemir
80 units daily and multiple boluses of 60 units
aspart up to five times daily) did not lower her
blood sugar levels so that she soon developed
ketoacidosis in spite of utilizing 225 units of
insulin per day. On readmission to hospital, she
required 50% more intravenous insulin than on
the previous admission to achieve glycemic
control. Transitioning to subcutaneous human
NPH and regular insulin at more than 400 units
of insulin per day failed to control her hyper-
glycemia and continuous subcutaneous insulin
infusion (CSII) with U-500 insulin was started in
conjunction with orally administered
mycophenolate mofetil at a dose of 500 mg
b.i.d. with the intention of adding intra-
venously administered rituximab as an outpa-
tient. One day after the first dose of
mycophenolate her insulin requirement began
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to drop, hypoglycemia occurred even with
aspart insulin at a basal rate of 0.85 unit/h and a
carbohydrate ratio of 1 unit per 7 g of carbohy-
drate. With lowering of basal rates her glucose
levels were controlled and she was discharged
from hospital. As an outpatient her mycophe-
nolate was increased to 1000 mg b.i.d. which
resulted in a further decrease in her insulin
requirements. Two months after the original
presentation her insulin antibodies were nega-
tive, her GAD-65 antibody level had dropped,
and her HbA1c was 7.8% (see Table 1). The
planned addition of intravenously administered
rituximab, which was delayed for logistical
reasons, was found to be unnecessary.

She was continued on mycophenolate
1000 mg b.i.d. for 5 months after the initial
presentation. Over the following month she
was slowly weaned off mycophenolate without
a recurrence of insulin resistance. One year after
initial presentation she was still in the ‘‘honey-
moon period’’ with her HbA1c being 6.7% and
her total daily utilization of insulin less than
40 units a day (0.55 units/kg) which was 10% of
her initial need (see Table 1).

DISCUSSION

Antibodies to exogenous insulin with the
availability of first purified animal insulins and
later recombinant DNA human insulin have
been greatly but not entirely reduced. However,
sporadic occurrences of high insulin antibody
titers while being treated with recombinant

human insulin or insulin analogues have been
reported in both type 1 and type 2 diabetes
usually occurring several months or years after
the initiation of insulin therapy. Insulin anti-
bodies can lead not only to hypersensitivity but
also to glycemic variability, hyperglycemia,
ketoacidosis as well as hypoglycemia when the
insulin resistance has been overcome and insu-
lin is released from the saturated antibodies.

Therapies that have shown efficacy include
withdrawal of insulin and utilization of oral
agents in type 2 diabetes. However, with type 1
diabetes replacement of insulin with oral agents
is not an option and the proven efficacious
treatments are the use of glucocorticoids,
plasmapheresis, and immunosuppressants
[8–12]. However, there has never been a placebo
controlled or randomized study to compare
these options and a randomized study is made
less likely to occur because of the rarity of this
condition.

Glucocorticoid therapy is often counterpro-
ductive in that insulin resistance and hyper-
glycemia are often worsened and the addition
of immunosuppressants is needed to either
replace or augment glucocorticoid therapy. In
addition, in the patient with type 1 diabetes
there is a higher risk of ketoacidosis. If these
combinations are not successful plasmapheresis
is generally recommended. However, plasma-
pheresis involves hospitalization with its asso-
ciated expense. Even in the outpatient setting
the administration of intravenous immuno-
suppressants results in considerable expense
and inconvenience.

Therefore, an affordable oral immunosup-
pressant such as mycophenolate (MMF of Cell-
cept) which has previously been shown to be
effective in children should be the preferred
initial therapy for EIAS. In this case, after MMF
was started, rituximab therapy was prescribed
but was delayed for logistical reasons, and oral
MMF monotherapy was found to reduce insulin
antibody levels so that the resistance to the
action of insulin disappeared. The patient has
sustained a prolonged remission but continues
to have type 1 diabetes which is in excellent
control.

In conclusion, for the first time we have
shown in adults that exogenous insulin

Table 1 Response to mycophenolate monotherapy

Test Pre-therapy Post-therapy

Insulin antibodies 13 U/ml \ 0.15 U/ml

GAD-65 antibodies 1344/ml Negative

HbA1c 11.8% 6.7%

Weight/kg 72 64

Insulin units per day 400 40

Insulin units per kg 5.5 0.55
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antibody syndrome can be treated as an outpa-
tient with mycophenolate monotherapy which
potentially avoids the expense of intravenous
immunosuppressive therapy and/or plasma-
pheresis and the expense of hospitalization.
Also, earlier treatment of the syndrome prior to
the development of hypoglycemia and during
propagation of the immune response may allow
a quicker remission.
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