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Introduction

Immunity is crucial in maintaining health. Immunity can, 
however, go wrong; a key example is autoimmunity, in 
which the immune system reacts to self-antigens. The 
diseases and presentations that can occur as a result of 
autoimmunity are wide ranging and, although rare, include 
autoimmune hypoglycaemia.

Hypoglycaemia is a relatively common occurrence in 
diabetic patients once they commence treatment with insulin 
or insulinotropic drugs. Other broad causes of hypoglycaemia 
in adults include drugs, critical illness, hormone deficiencies 
and endogenous hyperinsulinism (1). Two autoimmune 
conditions, insulin autoimmune syndrome (IAS) and type 

B insulin resistance (TBIR), are rare causes of spontaneous 
hypoglycaemia. IAS is the result of insulin autoantibodies (IAA), 
and TBIR the result of insulin receptor antibodies; both may 
result in spontaneous hypoglycaemia due to inappropriate 
endogenous hyperinsulinaemia. Whilst the literature yields 
case reports and reviews on autoimmune hypoglycaemia, these 
tend not to have a strong focus on the clinical laboratory and 
methodology used in diagnosis. As such, this short review 
will describe the pathophysiology of both conditions, and 
consider how the laboratory contributes to diagnosis and 
management of these patients. We present the following article 
in accordance with the narrative review reporting checklist 
(available at https://dx.doi.org/10.21037/jlpm-20-111).
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Methodology 

Papers included in this literature review were identified 
using a search of PubMed. Literature was included from the 
first published case of IAS in 1972 until 2020. All published 
case reports, studies and literature reviews were considered 
in producing this article. There are limited large-scale 
studies due to the rare nature of the conditions discussed. 

Insulin and insulin receptor antibodies

Autoantibodies to endogenous insulin or the insulin 
receptor are considered sine qua non for the diagnosis of 
autoimmune hypoglycaemia (2). 

Insulin antibodies (IA) developing as a result of 
exogenous insulin administration are common, polyclonal in 
origin, and development depends on age, insulin type, and 
route of insulin delivery. IA also demonstrate association 
with histocompatibility leucocyte antigen (HLA) types 
-B15, -DR4 and -DR7 (3). They are usually not clinically 
significant and are of low affinity (4). High titres of IgE IA 
are, however, often present in patients with type 1 insulin 
allergy (5).

IAA, which occur in people not previously exposed 
to exogenous insulin, are considered less common. The 
prevalence of IAA in the adult general population has not 
been systematically studied. They may be present in high 
titres and be of high affinity, and thus have the potential 
to be clinically significant (4). Whilst IAA are mostly 
clinically insignificant, they are considered a risk factor for 
developing type 1 diabetes (6-8), and rarely may be a cause 
of post-prandial hypoglycaemia (IAS) (9). 

Autoantibodies against the insulin receptor (IRA) are 
predominantly polyclonal IgG (10), and appear to cause 
disease mainly in black middle-aged women with pre-
existing autoimmune disease, but may also be associated 
with infectious and lymphoproliferative disease (11,12). 
IRA may cause TBIR syndrome, which typically presents 
with hyperglycaemia due to insulin resistance, but may 
also present with hypoglycaemia or hyperglycaemia-
hypoglycaemia depending on insulin receptor inhibition or 
activation (11,12).

Although IA and IAA may not have pathological 
significance, they have the potential to cause variable 
interference in not only insulin immunoassays but also 
proinsulin and C-peptide immunoassays (13). The 
possibility of immunoassay interference should, therefore, 
always be considered in the laboratory investigation of 

hypoglycaemia. 
In summary, antibodies to insulin and its receptor 

may be of no pathological, clinical or immunoassay 
significance, or be of no pathological significance but be 
a source of erroneous laboratory results giving rise to 
clinical confusion, or may be of pathological significance by 
causing autoimmune hypoglycaemia. Identification of an 
autoimmune cause for hypoglycaemia is important to ensure 
the patient receives the correct diagnosis and appropriate 
treatment. It is, therefore, vital that clinicians are aware of 
both the laboratory tests available, and also the potential for 
laboratory interference, when investigating hypoglycaemia. 

IAS: an introduction

The cardinal features of IAS are non-ketotic endogenous 
hyperinsulinaemic hypoglycaemia, molar ratios of 
C-peptide:insulin of <1 (in the absence of severe renal 
disease), high IAA titres (without prior exposure to 
exogenous insulin) and identification of macroinsulin (2). 
Typical presentation is that of post-prandial hypoglycaemia, 
with onset in adulthood (9). 

IAS: predisposing and trigger factors

IAS was first described in 1972 in a 47-year-old Japanese 
man with severe, spontaneous, hypoglycaemia (14). IAS 
is now reported to be the third most common cause 
of hypoglycaemia in Japan, after insulinoma and non-
islet cell tumours (15). In the same year, IAS was also 
reported in a 40-year-old Norwegian man with reactive 
hypoglycaemia (16). IAS, however, remains a rare cause 
of hypoglycaemia in Caucasian populations. Frequently, 
IAS presents in patients with other autoimmune disorders, 
such as Graves’ disease (17) with a range in the severity of 
hypoglycaemia and its symptoms.

The geographical variability in prevalence is attributable 
to the fact that IAS is strongly associated with certain HLA-
DR4 alleles, in particular, DRB1*04:06 (18). An additional 
trigger is usually present that precipitates development 
of IAS; these may broadly be split into infections or drug 
related triggers. Infection related triggers include mumps, 
Coxsackie B influenza, measles and hepatitis C, whilst 
drug related triggers include methimazole, carbimazole, 
propylthiouracil and alpha-lipoic acid, amongst others (2). 
Usually, drug-triggered IAS involves sulfhydryl containing 
drugs. Rajpal et al. reported a case of IAS in a 79-year-old 
white male following the commencement of clopidogrel 
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which does not contain a sulfhydryl group, but its active 
metabolite does (19). The patient presented with recurrent 
episodes of hypoglycaemia, with inappropriately elevated 
total insulin and C-peptide levels, no evidence of insulinoma 
on imaging, and high anti-IAA titre. Post-polyethylene 
glycol (PEG) precipitation (free) insulin levels demonstrated 
appropriate insulin levels for the level of glycaemia, and 
discontinuation of clopidogrel and glucocorticoid therapy 
resulted in resolution of the hypoglycaemic episodes with 
dramatic reduction in total insulin and IAA levels (19). 

Bresc iani  e t  a l .  reported a  70-year-old I ta l ian 
woman with sudden onset of fasting and postprandial 
hypoglycaemic episodes following commencement of a 
multivitamin containing alpha-lipoic acid. Insulin and 
C-peptide were inappropriately elevated and extremely 
high titres of IA were detected. HLA typing demonstrated 
the presence of DRB1*04:06. Prednisone and diazoxide 
helped normalization of blood glucose levels and reduction 
in IAA (20). This may be of importance as alpha-lipoic acid 
is a widely available over-the-counter health supplement. 

IAS has also been observed in patients with other 
autoimmune diseases including rheumatoid arthritis and 
systemic lupus erythematosus (SLE), and haematological 
diseases such as multiple myeloma (18). 

The triggers of IAS are, therefore, varied and include 
genetic predisposition, infection, and drugs. These should 
all be considered when a diagnosis of IAS is made, as 
removal of the trigger, where possible, may be beneficial. 

IAS: pathophysiology

The hypoglycaemia commonly occurs three to four 
hours post-prandially, following preceding post-prandial 
hyperglycaemia (18). It is generally accepted that the 
mechanism of hypoglycaemia is that following a meal, large 
amounts of insulin are bound by IAA, reducing insulin 
bioavailability. This causes hyperglycaemia, which further 
stimulates insulin release and binding. The insulin-antibody 
complexes are unstable and dissociate a few hours after 
eating, resulting in a large amount of free, active insulin, 
resulting in hypoglycaemia (19). Most hypoglycaemic 
episodes resolve within three to 6 months of diagnosis, 
particularly with discontinuation of the drug that triggered 
the IAS (18). 

IAS has the potential to masquerade as insulinoma. 
Lohmann et al. reported a 69-year-old woman initially 
misdiagnosed with insulinoma as the cause of severe 
spontaneous hypoglycaemia. Investigations showed 

hypoglycaemia with elevated insulin, C-peptide and 
proinsulin; however, no tumour was identified during 
surgery.  After surgery,  further laboratory testing 
demonstrated discrepancy between insulin and C-peptide 
levels, leading to measurement of IAA, which were found 
to be elevated (21). This demonstrates the value of the 
C-peptide:insulin ratio in identifying IAS as discussed 
below. 

IAS: laboratory features

IAS is identified by inappropriately high plasma insulin, 
proinsul in  and C-pept ide concentrat ions  during 
hypoglycaemia, typically with a plasma C-peptide:insulin 
molar ratio of <1 and absence of ketosis. The presence 
of IAA is diagnostic of IAS and can be confirmed by the 
detection of macroinsulin using PEG precipitation and/or 
gel filtration chromatography (GFC) (22). 

A high titre of IAA is essential in the diagnosis of IAS. 
Several immunoassay kits are available to detect insulin 
specific antibodies. IgG is the most common antibody type 
found in IAS, and often commercial kits only measure IgG. 
However, a negative test result does not rule out IAS, as 
rarely patients may present with different insulin specific 
Ig types, such as IgM or IgA (23). Insulin specific antibody 
immunoassays are not well standardised, and often require 
relatively large volumes of serum (24). Commercial assays 
described for measurement of insulin specific autoantibodies 
include a human insulin specific ImmunoCAP method to 
measure anti-insulin IgG or IgE and the Biomerica Isletest 
ELISA for serum anti-insulin IgG. Measurement of IAA 
testing is a first line investigation recommended by The 
American Endocrine Society in investigation of endogenous 
hyperinsulinaemic hypoglycaemia to identify IAS and 
prevent misdiagnosis (1).

Detection of IAA, however, does not prove the 
presence of the circulating IA complexes that underlie the 
pathophysiology of IAS (22). Several adjunctive approaches 
have been used to measure insulin-autoantibody complexes. 
The most common is to measure insulin before and after 
immunoprecipitation of Ig with PEG or ammonium 
sulphate (25). PEG precipitates all Ig including any insulin 
Ig complexes (IgG, IgM and IgA) present and is therefore 
non-specific and used as a preliminary test (26). This 
removes the insulin-autoantibody complexes and then only 
free available insulin is measured. A study also followed 
up PEG precipitation with GFC to identify the specific Ig 
type (22). The method sensitivity was enhanced by ex vivo 
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addition of insulin (22). A problem with PEG precipitation 
is that it is not specific to all Ig and Ig complexes, and a 
proportion of the free analyte will be precipitated (26). 
GFC is the gold standard method for detecting macro-
analyte complexes, e.g., antibody complexes. GFC, however 
is limited by dilution of the sample as it passes through the 
column therefore the complex must be present at high levels 
initially and also the dilution of samples passing through the 
column may disrupt the complex equilibrium. Measurement 
of insulin pre- and post-PEG precipitation and detection of 
macroinsulin complexes, are important in the confirmation 
of IAS. 

The pancreatic secretion of insulin and C-peptide is 
equimolar but the half-life of insulin is much less than 
that of C-peptide. Circulating C-peptide concentrations 
are, therefore, greater than those of insulin, giving a 
C-peptide:insulin molar ratio of >1 in the absence of renal 
failure. In IAS, the binding of insulin to IAA prolongs 
the half-life of insulin such that circulating insulin 
concentrations exceed those of C-peptide, resulting in a 
C-peptide:insulin molar ratio of <1 (2). In other causes of 
endogenous hyperinsulinaemia the C-peptide:insulin ratio 
is >1. However, a C-peptide:insulin molar ratio of >1 does 
not exclude IAS, and its use in diagnosis of IAS has been 
criticised, due to wide variations in proinsulin and C-peptide 
concentrations in these patients, and potential immunoassay 
interference (27). 

Specificities of immunoassays vary according to reagent 
antibody. The aim is to directly test all forms of endogenous 
insulin/proinsulin autoantibodies to exclude IAS, particularly 
in non-diabetic hypoglycaemic patients (23,28). Often, as a 
result of the IAA, insulin concentrations are excessively raised 
in IAS, beyond what may be expected in insulinoma, due to 

antibody cross-reactivity (9). The laboratory features of IAS 
are summarized in Table 1, and compared to the features of 
insulinoma, exogenous insulin use, and insulin secretagogue 
use, highlighting the key differences to be aware of when 
interpreting laboratory tests.

Autoimmune hypoglycaemia: due to IA and 
paraproteins 

Autoimmune hypoglycaemia may rarely be due to IA and 
paraproteins with similar pathophysiological mechanisms 
as in IAS. As mentioned, IA often occur in patients treated 
with exogenous insulin, however these are usually present 
at low titres, and are of low affinity (4), and subsequently 
rarely cause hypoglycaemia. 

Waldron-Lynch et al. reported a 63-year-old Caucasian 
man with spontaneous hypoglycaemia, with inappropriately 
high insulin, C-peptide and proinsulin levels and elevated 
aminotransferases. Urine sulfonylurea screen and imaging 
were both normal, and IAS was diagnosed. Serology 
diagnosed hepatitis C, and protein electrophoresis 
revealed a monoclonal IgGκ band with an additional IgGλ 
light chain band found to be capable of binding insulin. 
Treatment of the multiple myeloma resulted in remission of 
the IAS (4).

TBIR: an introduction

Insulin resistance is a common phenomenon with a range 
of causes, most frequently resulting in hyperinsulinaemia 
with or without hyperglycaemia. TBIR may be defined 
as altered insulin signaling as a result of insulin receptor 
autoantibodies (IRA). Its exact prevalence is not known, but 

Table 1 Laboratory assays in the differential diagnosis of hyperinsulinaemic hypoglycaemia

Condition Insulin C-peptide
C-peptide:insulin 

molar ratio
Post-PEG insulin 

recovery 
Antibody assays

Insulin autoimmune syndrome Raised Raised <1 Decreased compared to 
pre-PEG result

Insulin autoantibodies 

Type B insulin resistance Raised Raised >1 Similar to pre-PEG result Insulin receptor 
autoantibodies 

Insulinoma Raised Raised >1 – Negative

Exogenous insulin administration Raised Suppressed <1 – +/− insulin antibodies

Insulin secretagogues (i.e., 
sulphonylurea)

Raised Raised >1 – Negative

PEG, post-polyethylene glycol.
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TBIR is considered to be extremely rare, with black middle-
aged women most commonly affected (11). TBIR was first 
described in 1975 in a small group of women (29), and named 
the following year (30). The most common presentation 
is periods of severe hyperglycaemia unresponsive to 
exogenous high-dose insulin treatment; however, TBIR 
may also result in hypoglycaemia (11). The hypoglycaemia 
may be post-prandial or fasting (31). Occasionally, 
hypoglycaemia may be the only presentation (32), but this 
is uncommon. Patients may switch between hyperglycaemia 
and hypoglycaemia (10). TBIR is reported to present with 
a range of other signs and symptoms, including weight 
loss, hyperandrogenism and acanthosis nigricans, and 
often presents in conjunction with paraneoplastic disease, 
rheumatological conditions, SLE and a range of other 
autoimmune dermatological and hepatic disorders (11,31). 
The prognosis of TBIR is variable; Arioglu et al. reported 
hypoglycaemic complications as a cause of death in several 
patients, but several patients also demonstrated spontaneous 
remission of TBIR (10). 

TBIR: predisposing factors

Middle-aged, African-American women are predominantly 
affected (33). TBIR, however, has also been reported in 
children, the elderly, men and other ethnicities (10). 

Arioglu et al. followed up 24 patients with TBIR over 
a period of 28 years, and reported that SLE was the most 
common autoimmune disease associated with IRA, with 
46–50% of the patients having underlying SLE (10). 
TBIR titres correlate with SLE disease activity, with high 
titre IRA being identified in a 59-year-old patient with 
hyperglycaemia during an episode of active SLE (34). 
Insulin and plasma exchange were not effective in this 
patient, but induction of SLE remission through steroid 
and immunosuppressive therapy resulted in disappearance 
of IRA and improvement in glycaemic control. 

Lebkowska  e t  a l .  reported  a  27-year-o ld  man 
presenting with weight loss of 20 kg over a year and a past 
medical history of psoriasis and new onset of Raynaud’s 
phenomenon. He was anaemic and thrombocytopenic, with 
elevated glucose and HbA1c concentrations. He, however, 
developed asymptomatic fasting hypoglycaemia during 
the course of his admission. Subsequent investigations 
demonstrated IRA, and immunology showed high titres 
of anti-nuclear antibodies and anti-dsDNA antibodies, 
resulting in diagnosis of connective tissue disease (35). 
Sjoholm et al. reported TBIR in a 25-year-old Caucasian 

woman developing a few months after new-onset type 1 
diabetes, with sudden deterioration in glycemic control 
despite high insulin doses (36). Rapid improvement was 
seen following treatment with prednisolone, and radio-
labelled insulin binding to donor adipocytes incubated with 
patient serum demonstrated the presence of IRA. 

Thus, whilst middle aged black females with autoimmune 
disease are most affected, it is important to consider the 
diagnosis in others regardless of age, gender or ethnicity. 

TBIR: pathophysiology

The pathogenesis of TBIR is ill-understood. Limited patient 
studies have reported IRA to be polyclonal in nature and 
primarily IgG (10). The autoantibodies have demonstrated 
three different biological effects in vitro: mimic insulin 
activity, inhibit insulin binding to receptor, and desensitise 
tissues to insulin (32). The predominating effect determines 
whether the patient demonstrates hyperglycaemia or 
hypoglycaemia. It is generally accepted that high titres 
of IRA result in hyperglycaemia due to desensitisation of 
tissues, whilst low titres act as a receptor agonist resulting 
in hypoglycaemia (11). There is no set definition of TBIR, 
however, Willard et al. propose that a biochemical triad of 
elevated fasting insulin, hyperadiponectinaemia and low/
normal fasting triglycerides, in a patient demonstrating both 
acanthosis nigricans and an autoimmune disease, may be 
considered a “working” definition (11). Patients generally 
require very high levels of exogenous insulin to control 
their hyperglycaemia. Measurement of IRA help confirm 
a diagnosis, with a systematic review reporting 83.2% of 
patients being IRA positive (12). 

TBIR: laboratory features

Hypoglycaemia due to TBIR is identified by inappropriately 
high plasma insulin, proinsulin and C-peptide concentrations 
during hypoglycaemia, with plasma C-peptide:insulin molar 
ratios of >1, supported by hypotriglyceridaemia (37). Unlike 
IAS, measurement of insulin post-PEG precipitation does 
not usually change significantly from the pre-PEG result 
(see Table 1). 

Measurement of IRA is beneficial; however, this 
assay is not routinely available. It may be measured at 
specialist research laboratories. In the UK, the assay is 
currently offered by the Supra-regional Assay Service at 
Addenbrookes Hospital Endocrinology Laboratory, in 
support of the NHS Severe Insulin Resistance service (38).
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Conclusions

IAS and TBIR are rare,  but important,  causes of 
hypoglycaemia. Whilst both have an autoimmune basis, and 
both can result in hyperinsulinaemic hypoglycaemia, their 
pathophysiology, treatment and prognosis are different. 

The classic  presentation of  IAS is  endogenous 
hyperinsulinaemic hypoglycaemia, with high titre IAA, 
frequently following a trigger such as drugs or infection. IA 
complexes form, initially causing hyperglycaemia, followed 
by complex dissociation and subsequent hypoglycaemia. 
Patients often have a history of other autoimmune 
conditions, and HLA DRB1*04:06 is a risk factor for 
IAS. Detection of IAA, and a decreased post-PEG insulin 
measurement compared to pre-PEG measurement, 
supports the diagnosis. Rarely, hypoglycaemia may result 
due to presence of IA or paraproteins, through a similar 
mechanism. 

TBIR is associated with hyperinsulinaemic hyperglycaemia 
resistant to insulin treatment, but patients may also develop 
fasting or post-prandial hypoglycaemia depending on the 
inhibiting or activating action of the IRA. TBIR more 
commonly affects women and is associated with other 
autoimmune conditions. Unlike IAS, post-PEG insulin 
measurement is not significantly different to pre-PEG 
measurement, and IRA are commonly detected in these 
patients. 

IAS generally has a good prognosis once the precipitating 
factor is removed. TBIR, however, has a variable prognosis 
with significant mortality, and the development of 
hypoglycaemic episodes is an indicator of poor prognosis.

This review summarises the pathophysiology and 
laboratory features of autoimmune causes of hypoglycaemia, 
with an emphasis on laboratory testing. It highlights 
the importance of further laboratory investigations into 
hyperinsulinaemic hypoglycaemia, before subjecting the 
patient to potentially unnecessary pancreatic surgery, and 
also demonstrates the potential interferences in laboratory 
testing that clinicians should be aware of, in order to 
correctly interpret results. 
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