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RARE CAUSES OF HYPOGLYCEMIA IN ADULTS CAUSES RARES d'HYPOGLYCEMIES de L'ADULTE
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Hypoglycemia is defined by a low blood glucose level associated to clinical symptoms. Hypoglycemia may be related to treatment of diabetes, but also to drugs, alcohol, critical illness, cortisol insufficiency including hypopituitarism, insulinoma, bariatric or gastric surgery, pancreas transplantation or glucagon deficiency, or may be surreptitious. Some hypoglycemic episodes remain unexplained, and genetic, paraneoplastic and immune causes should be considered. Genetic causes may be related to endogenous hyperinsulinism and to inborn errors of metabolism (IEM). Endogenous hyperinsulinism is related to monogenic congenital hyperinsulinism, and especially to mutations of the glucokinaseactivating gene or of insulin receptors, both characterized by post-prandial hypoglycemia with major hyperinsulinism. In adulthood, IEM-related hypoglycemia can persist in a previously diagnosed childhood disease or may be a presenting sign. It is suggested by systemic involvement (rhabdomyolysis after fasting or exercising, heart disease, hepatomegaly), sometimes associated to a family history of hypoglycemia. The timing of hypoglycemic episodes with respect to the last meal also helps to orientate diagnosis. Fasting hypoglycemia may be related to type 0, I or III glycogen synthesis disorder, fatty acid oxidation or gluconeogenesis disorder. Postprandial hypoglycemia may be related to inherited fructose intolerance. Exercise-induced hyperinsulinism is mainly related to activating mutation of the SLC16A1 gene.

Besides exceptional ectopic insulin secretion, paraneoplastic causes involve NICTH (Non-Islet-Celle Tumor Hypoglycemia), caused by Big-IGF2 secretion by a large tumor, with low blood levels of insulin, C-peptide and IGF1. Autoimmune causes involve antibodies against insulin (HIRATA syndrome), especially in case of Graves' disease, or against the insulin receptor. Medical history, timing, and insulin level orientate the diagnosis.

à des médicaments, à l'alcool, à des maladies débilitantes, à une insuffisance en cortisol, à un insulinome, une chirurgie bariatrique ou gastrique, une transplantation pancréatique, un déficit en glucagon, ou une cause factice. Lorsque les hypoglycémies restent inexpliquées, des causes rares génétiques, paranéoplasiques et immunitaires doivent être envisagées. Les causes génétiques sont les hyperinsulinismes endogènes et les erreurs innées du métabolisme (IEM). L'hyperinsulinisme endogène est lié à un hyperinsulinisme congénital monogénique, en particulier aux mutations activatrices du gène de la glucokinase, ou aux mutations du récepteur de l'insuline, les deux pathologies étant caractérisées par une hypoglycémie post-prandiale avec hyperinsulinisme majeur.

Les hypoglycémies liées à une IEM peuvent persister à l'âge adulte, alors qu'elles ont été diagnostiquées dans l'enfance ou sont parfois révélatrices de l'IEM. Elles sont suggérées par un contexte d'atteinte systémique (rhabdomyolyse après jeûne ou exercice, cardiopathie, hépatomégalie, avec parfois antécédents familiaux d'hypoglycémie ...). L'horaire de l'hypoglycémie par rapport au dernier repas permet également d'orienter le diagnostic. En effet, une hypoglycémie de jeûne oriente vers une glycogènose de type 0, I ou III, un trouble de l'oxydation des acides gras ou un trouble de la gluconéogenèse. Les hypoglycémies postprandiales orientent vers une intolérance au fructose. L'hyperinsulinisme induit par l'exercice est principalement engendré par une mutation activatrice du gène SLC16A1. Les causes paranéoplasiques correspondent parfois à une sécrétion ectopique d'insuline et le plus souvent à un NICTH (Non-Islet-Cell Tumor Hypoglycemia). Ces NICTH, liées à la sécrétion de big-IGF2 par une volumineuse tumeur, sont caractérisées par des hypoglycémies avec taux effondrés d'insuline, de peptide C et d'IGF1. Les causes auto-immunes sont liées aux anticorps anti-insuline (syndrome HIRATA) ou anti-récepteur de l'insuline. Les antécédents médicaux, l'horaire de survenue des hypoglycémies et leur caractère hypo ou hyperinsulinique permettent d'orienter le diagnostic.
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I. Introduction

Hypoglycemia is defined by a low venous blood glucose level, most often <0.50 g / L (2.75 mmol / L) associated with signs:

-adrenergic, linked to the catecholaminergic response, such as sweating, tremors and palpitations;

-neuroglucopenic, caused by a drop in the concentration of cerebral glucose, ranging from dysarthria, confusion, epilepsy, visual and behavioral disorder to coma.

According to the consensus, the hypoglycemia threshold is 55 mg/dL or 3 mmol/L, but what is important is not so much the threshold as the fact that a low blood sugar level is associated with concomitant clinical signs.

Apart from the iatrogenic causes of hypoglycemia in a diabetic person (1), the most common etiologies are (2) (Figure 1):

-other iatrogenic causes (sulfonamides, tramadol, topiramate, tyrosine kinase inhibitors (3), etc.);

-surreptitious hypoglycemia (sulfonamides, glinides, insulin); -acute alcoholism;

-critical illness, visceral failure or cachectic state;

-cortisol insufficiency (peripheral adrenal insufficiency) (4), sometimes associated with GH deficiency, (hypopituitarism): repeated hypoglycemia blunts the corticosteroid response and differential diagnosis between primary hypoglycemia and adrenal insufficiency is sometimes difficult (5);

-hypoglycemia after gastric or bariatric surgery [START_REF] Øhrstrøm | Evidence for Relationship Between Early Dumping and Postprandial Hypoglycemia After Roux-en-Y Gastric Bypass[END_REF] or after pancreas transplantation;

-glucagon deficiency;

-or insulinoma, characterized by fasting symptomatic hypoglycemia, relieved by food (Whipple's triad). In terms of hypoglycemia, insulinoma is characterized by insulinemia ≥ 3.0 μIU/mL (18 pmol/L) and plasma C-peptide ≥0.6ng/mL (0.2 nmol / L) in absence of sulphonylureas [START_REF] Caron | Consensus of the French Endocrine Society: Hypoglycaemia in non-diabetic adult patients[END_REF][START_REF] Agin | French Endocrine Society. Fast test: clinical practice and interpretation[END_REF][START_REF] Challis | Adult-onset hyperinsulinaemic hypoglycaemia in clinical practice: diagnosis, aetiology and management[END_REF].

Pancreatic computed tomography and MRI, endosonography, 18F-DOPA (6-[18F] fluoro-levodopa)

PET and especially PET or scintigraphy with analogs of GLP1 (glucagon-like peptide type 1) help locate and enucleate the pancreatic tumor.

Besides these classic causes, rarer etiologies may be involved: genetic (congenital hyperinsulinism, insulin receptor mutation, inborn error of metabolism (IEM)), paraneoplastic (NICTH for Non-Islet-Cell Tumor Hypoglycemia, sometimes ectopic insulin secretion) or autoimmune (Figure 1). The anamnestic and clinical approach is not very different from the usual strategy: family and personal history, time since last meal, effort, pigmentation change, weight loss, medication. A family context of hypoglycemia, sudden death, myopathy including rhabdomyolysis after fasting or exercise, cardiomyopathy or hepatomegaly, or history of lactic acidosis, spontaneous eviction of fruit, etc.

suggest IEM [START_REF] Shah | Hyperinsulinaemic hypoglycaemia in children and adults[END_REF]. When IEM is suspected, laboratory investigations should include specific assessments performed as much as possible during hypoglycemia (Figure 2); metabolic fasting test requires a specialized environment.

II. Genetic causes

A. Monogenic congenital hyperinsulinism

Congenital hyperinsulinism (CHI) can be monogenic or syndromic. Syndromic CHI will not be considered here, but includes Beckwith-Wiedemann, Perlman, Simpson-Golabi-Behmel, Kabuki, Sotos, Timothy, Costello (mutation of the HRAS gene), Ondine, Usher type 1C, congenital glycosylation disorder type 1 or CDG I [START_REF] Shah | Hyperinsulinaemic hypoglycaemia in children and adults[END_REF][START_REF] Stanley | Perspective on the Genetics and Diagnosis of Congenital Hyperinsulinism Disorders[END_REF]. Monogenic CHI is linked to mutations in genes that regulate the insulin secretion of pancreatic β cells such as:

-Channel anomalies: ABCC8 (most frequent case) and KCNJ11, coding for the subunits of potassium channels of type SUR-1 and Kir6.2 respectively; channelopathy is a classic etiology in children, although mutation screening is negative in more than 30% of cases;

-Enzyme or transport anomalies: GLUD1 coding for glutamate dehydrogenase, GCK coding for glucokinase, HADH1 coding for the Short-Chain L-3-Hydroxyacyl-coenzyme A Dehydrogenase (SCHAD), UCP2 for mitochondrial uncoupling protein 2, SLC16A1 coding for Monocarboxylate Transporter 1 (MCT1);

-Transcription factor alterations: Hepatocyte Nuclear Factor (HNF4A, HNF1A);

-Enzymes: hexokinase 1 (HK1), phosphoglucomutase 1 (PGM1) (Figure 3).

Among these genes, glucokinase (GCK) mutations induce MODY2 diabetes in their inactivating forms and CHI in their activating forms [START_REF] Jannin | Hyperinsulinemic hypoglycemia without insulinoma: Think of activating glucokinase mutation[END_REF]. Seven percent of CHIs are linked to an activating mutation in glucokinase, which is the most common abnormality -although still rare -in adults. A glucokinase mutation should be suspected in case of hyperinsulinemic hypoglycemia mimicking insulinoma with negative imaging, and frequent hypoglycemia in relatives, although not always identified as such, in this autosomal dominant form of familial hyperinsulinism. Although symptomatology varies with the type of mutation (around 15 reported) [START_REF] Martínez | Heterogeneity in phenotype of hyperinsulinism caused by activating glucokinase mutations: a novel mutation and its functional characterization[END_REF], revealing hypoglycemia in adulthood may be fasting but is more often postprandial. These hypoglycemias are never very deep (0.35 to 0.55 g / L) even on fasting test and are often pauci-symptomatic without neurological or weight repercussions. Mirroring MODY2 type diabetes, it is more a readjustment of the blood sugar regulation threshold close to 0.45 g/L than severe hypoglycemia [START_REF] Basco | α-cell glucokinase suppresses glucose-regulated glucagon secretion[END_REF]. These hypoglycemic episodes are usually sensitive to diazoxide ( 15), but pauci-symptomatic patients often do not seek treatment.

B. Insulin receptor mutations

Insulin receptor mutations can be diagnosed in adulthood in a heterozygous state, most often in case of late postprandial hypoglycemia, in a patient without severe overweight [START_REF] Preumont | Hypoglycaemia revealing heterozygous insulin receptor mutations[END_REF]. Hypoglycemia can be reproduced by oral glucose tolerance test, and generally occurs 3 hours after the start of the test in case of major hyperinsulinism. Sometimes, a symptomatic homozygous newborn with Rabson-Mendenhall syndrome leads pauci-symptomatic heterozygosity being detected in the parents.

C. Inborn errors of metabolism

Inborn errors of metabolism are rare diseases affecting the metabolism of carbohydrates, proteins, lipids, steroids, etc. They are usually classified into 3 groups:

-1) intoxication diseases (amino-acidopathy, urinary organic aciduria, certain pathologies of sugar metabolism, metal overload, porphyria);

2) diseases of energy metabolism (mitochondrial cytopathy, glycogenosis, free fatty acid oxidation disorder, etc.);

3) diseases of complex molecules metabolism, usually autosomal recessive and associated with inbreeding. They are very often diagnosed in childhood but can sometimes be revealed in adulthood, possibly on family survey. Given the rarity of these conditions, it is often useful to refer to a reference center. The diseases responsible for hypoglycemia in adulthood are classified according to time of onset relative to meals (Figure 1) (17):

-fasting hypoglycemia suggests glycogenosis, fatty acid oxidation disorder or neoglucogenesis disorder (Figure 4); -postprandial hypoglycemia suggests hereditary fructose intolerance, other causes being insulin receptor mutation or congenital hyperinsulinism;

-hypoglycemia under effort suggest mutations of the SLC16A1 gene coding for monocarboxylate (MCT1) transporter.

1) Glycogenosis

Glycogenoses are hereditary diseases of glycogen metabolism, with incidence of 1 in 20,000 births.

There are at least 15 subtypes, classified according to the type of deficient enzyme and the affected tissue (liver, muscle or both), usually diagnosed in childhood [START_REF] Laforêt | What have we learned about glycogenosis in recent years?[END_REF]. In children, hepatic (0, I, VI, XI) or hepato-muscular (III, IV, VIII, IX) glycogenoses manifest as hypoglycemia of varying severity after a shorter or longer period of fasting, depending on the enzyme deficit. The risk of hypoglycemia in adulthood persists for types 0, I and III. The most severe in terms of hypoglycemic risk is type I glycogenosis (Von Gierke disease), with incidence <1/100,000, linked to a glucose-6-phosphatase deficiency blocking the last stages of glycogenolysis and neoglucogenesis (Figure 5). These conditions are characterized by fasting hypoglycemia with lactate elevation (after fasting in type 1, postprandial in type 3), and early gout with hyperuricemia, hypertriglyceridemia, hepatomegaly with frequent adenomas, high liver enzyme levels, and high CPK for type 3 [START_REF] Kaiser | Glycemic control and complications in glycogen storage disease type I: Results from the Swiss registry[END_REF].

Positive diagnosis is based on metabolic assessment and definitive diagnosis is molecular. In adulthood, diagnosis of hepatic or hepatocellular glycogenosis is rare and is founded not on hypoglycemia but on organ complications (nodular hepatomegaly, elevated CPK, heart disease, etc.).

The main differential diagnosis is Mauriac syndrome resulting in hepatomegaly with steatosis in a young diabetic patient with severe glucose imbalance [START_REF] Pinto | Mauriac syndrome: a rare complication of type 1 diabetes mellitus[END_REF].

In women, estrogen-progestogen contraception should be avoided, given its role in hepatic adenoma and its contraindication in case of dyslipidemia. There have been a few reports of favorable pregnancies. Maternal nutritional status is important because of the risk of hypoglycemia, and may require fractionated glucose supplementation, especially from the second semester and during breastfeeding.

2) Fatty-acid oxidation disorders Disorders of fatty acid oxidation are IEMs which alter the synthesis of acetylcoenzyme A in the mitochondrial energy pathway: this results in a deficit in activation of pyruvate carboxylase and a deficit in ATP (adenosine triphosphate) synthesis, these two elements contributing to non-ketotic hypoglycemia since ketogenesis is impaired (Figure 5). These autosomal recessive conditions are among the most common, taken together, and are classified into 4 subgroups:

-carnitine cycle abnormalities;

-electron transfer abnormalities;

β-oxidation cycle abnormalities: o acyl-coenzyme A dehydrogenase

• very long chain fatty acids (VLCAD)

• medium chain fatty acids (MCAD)

• short chain fatty acids (SCAD) o 3-hydroxyacyl coenzyme A dehydrogenase

• long chain fatty acids (LCHAD)

• short chain fatty acid (SCHAD)

• deficiency in the most rare tri-functional mitochondrial protein (MTP),

-abnormalities in the synthesis of ketone bodies related to HMG coenzyme A, synthase or lyase deficiencies.

These fatty acid oxidation disorders are classically revealed in the neonatal period or infancy, or during intercurrent disease causing catabolism (for example: prolonged fasting during gastroenteritis).

In adulthood, some of these pathologies can be revealed by hypoglycemia associated with global energy failure (rhabdomyolysis, hepatic insufficiency, hyperammoniemia, hyperlactatemia) or hypertrophic cardiomyopathy. Positive diagnosis is based on carnitine/acylcarnitine profile, in vitro beta-oxidation study, urinary organic acid analysis, and molecular study.

Late presentations include myopathy, arrhythmia and neuropathy, and also retinitis pigmentosa which can lead to blindness in LCHAD and MTP. Sudden death occurs at all ages. In pregnant women, intrauterine growth retardation, prematurity, pre-eclampsia or acute hepatic steatosis of pregnancy can occur in heterozygous mothers if the fetus has LCHAD or MTP deficiency.

a. Beta -oxidation disorders

In adults, various β-oxidation disorders have been more specifically reported, in particular some cases of acyl-coenzyme A dehydrogenase 9 (ACAD 9) deficiency, VLCAD or MCAD deficiency, or in contexts of energy failure (rhabdomyolysis, hepatic failure, hyperammoniemia, hyperlactatemia, hypoglycemia). Hypoglycemia is not indicative of the pathology and is sometimes even absent from the inaugural presentation.

b. Carnitine cycle disorders

Carnitine ensures the transfer of long-chain fatty acids to the mitochondria. This requires enzymes and transporters which:

1. accumulate carnitine in the cell (OCTN2 carnitine transporter);

2. conjugate with long-chain fatty acids (acylCoActivated, carnitine palmytol transferase 1, CPT1);

3. transfer the acylcarnitines to the internal plasma membrane (carnitine acyl-carnitine translocase, CACT);

4. conjugate fatty acids to coenzyme A for β-oxidation (carnitine palmytol transferase 2, CPT2).

Clinical cases of CPT2 deficiency (in its juvenile form) are regularly reported in adulthood, revealed more by circumstantial rhabdomyolysis (in case of caloric insufficiency, intercurrent disease with catabolism, etc.) than by hypoglycemia. On the other hand, hypoglycemia is classic in the neonatal period and infancy. In children, defects in the hepatic isoforms of CPT1 appear as recurrent bouts of non-ketotic fasting hypoglycemia, which rarely persist into adulthood; CACT deficit manifests during intercurrent illness with episodes of hypoglycemia, with sometimes very severe rhabdomyolysis [START_REF] Vitoria | Carnitine-acylcarnitine translocase deficiency: experience with four cases in Spain and review of the literature[END_REF].

3) Hereditary fructose intolerance

Hereditary fructose intolerance is linked to fructose-1-phosphate aldolase B deficit, manifesting during food diversification (introduction of fruit fructose or sucrose which contains fructose and glucose).

The accumulation of fructose-1-phosphate inhibits the glycogenolysis and neoglucogenesis pathways, which leads to late postprandial hypoglycemia (Figure 5). In infants, in addition to postprandial hypoglycemic discomfort, the picture can be complicated by liver failure and tubular dysfunction if diagnosis is not made and the child remains subject to intoxication by fructose. Several cases of diagnosis have been reported in adulthood because of diet naturally devoid of any sugary substances or fruit and/or because of liver enzyme elevation. Diagnosis in adulthood is suggested by anamnesis of difficult weaning, abdominal discomfort with food diversification, liver enzyme elevation, or hypoglycemia [START_REF] Morales-Alvarez | Fructosuria and recurrent hypoglycemia in a patient with a novel c.1693T>A variant in the 3' untranslated region of the aldolase B gene[END_REF]. Diagnosis is confirmed by molecular analysis; fructose load test is now only exceptionally used, given the risk of acute hepatocellular insufficiency. Prognosis after fructose eviction is usually favorable, despite the risk of vitamin C deficiency, which requires supplementation [START_REF] Guery | Doctor, my son is so tired... about a case of hereditary fructose intolerance[END_REF]. Fructose metabolism disorder may, however, induce fatty liver disease [START_REF] Simons | Patients with aldolase B deficiency are characterized by an increased intrahepatic triglyceride content[END_REF].

4) Neoglucogenesis disorders

Neoglucogenesis disorders are mainly related to fructose-1,6-biphosphatase deficiency. This pathology is revealed in very young children by hypoglycemia with prolonged fasting accompanied by lactic acidosis. Fasting hypoglycemic episodes can persist into adulthood in conditions of major catabolism. This condition is sometimes diagnosed in adulthood in case of lactic acidosis with hypoglycemia and liver enzyme elevation [START_REF] Pinto | International practices in the dietary management of fructose 1-6 biphosphatase deficiency[END_REF]. One case diagnosed in adulthood has been reported in a 36-year-old woman with recurrent hypoglycemic attacks that went unnoticed in childhood and increased during pregnancy [START_REF] Krishnamurthy | Three successful pregnancies through dietary management of fructose-1,6-bisphosphatase deficiency[END_REF]. Any case of hypoglycemia with digestive intolerance must suggest neoglucogenesis disorder

III. Paraneoplastic causes

Hypoglycemia secondary to extra-pancreatic tumor was identified in 1929 (Doege-Potter syndrome).

A. NICTH

Initially attributed to glucose consumption by the tumor, then to tumor secretion of an "insulin-like" factor which has been found to correspond to a high molecular weight precursor of IGF-2, called Big-IGF-2, this paraneoplastic hypoglycemia is now known as NICTH (Non-Islet-Cell Tumor Hypoglycemia). While secretion of Big-IGF2 is the most common cause, secretion of somatostatin or IGF1 may also be responsible [START_REF] Daughaday | Hypoglycemia due to paraneoplastic secretion of insulin-like growth factor-I[END_REF].

IGF-2 is a hormone secreted mainly by the liver, where it acts on cell proliferation, differentiation and apoptosis. The IGF-2 gene is overexpressed in various tumor types, especially large liver and mesenchymal (pleural solitary fibrous) tumors. Increased production of pre-pro-IGF-2 exceeding the capacity of the enzymes that metabolize it, incomplete cleavage of pro-IGF-2 leading to an excess of Big IGF-2 compared to IGF-2, and the binding of IGF-2 and Big IGF-2 to receptors that also bind insulin , explain the hypoglycemia [START_REF] Jannin | Non-islet-cell tumour hypoglycaemia (NICTH): About a series of 6 cases[END_REF][START_REF] Kawai | Imbalanced expression of IGF2 and PCSK4 is associated with overproduction of Big IGF2 in SFT with NICTH: a pilot study[END_REF].

Fasting hypoglycemic symptoms reveal the tumor in half the cases, and weight loss, pain and a palpable mass in the others. Hypoglycemia can be revealed by a confusion episode, sometimes suggesting Alzheimer's disease, a fall in the elderly, focal neurological signs mimicking a stroke, or the consequences of metastasis [START_REF] Jannin | Non-islet-cell tumour hypoglycaemia (NICTH): About a series of 6 cases[END_REF]. Any behavioral or mental change in a patient with tumor indicates hypoglycemia screening if iatrogenic causes and brain metastasis are eliminated. In addition to its role in carbohydrate metabolism, IGF-2 can lead to seborrheic keratosis and rhinophyma acromegaloid syndrome.

Paraneoplastic secretion of Big-IGF2 is characterized by hypoglycemia with collapsed plasma concentrations of insulin, C-peptide and IGF-1. Diagnosis is confirmed by IGF2/IGF1 ratio >10

(normal value <3), since total plasma IGF2 level can be normal or high, while that of Big-IGF-2 is usually elevated. These assays, restricted to research laboratories, are not essential for diagnosis.

Management remains poorly codified. Tumor resection is the treatment of choice. When it is not possible, corticosteroid therapy (30-60 mg prednisone/day) appears to be the most effective alternative, sometimes in association with somatostatin analogs. Recombinant GH (rGH) is associated with a risk of stimulating tumor growth [START_REF] Bodnar | Management of non-islet-cell tumor hypoglycemia: a clinical review[END_REF]. Anti-IGF2 antibodies, IGF2 antagonists and trials to inhibit transcription of the IGF 2 gene are under evaluation.

B. Ectopic insulin secretion

Besides NICTH, exceptional cases of ectopic insulin secretion, mimicking insulinoma, have been reported as paraneoplastic causes of hypoglycemia [START_REF] Gogna | Insulin-mediated hypoglycaemia secondary to recurrent clear cell renal carcinoma[END_REF].

IV. Autoimmune causes

Autoimmune causes of hypoglycemia are related to the presence of anti-insulin and anti-insulin receptor antibodies [START_REF] Taylor | Syndromes of autoimmunity and hypoglycemia. Autoantibodies directed against insulin and its receptor[END_REF][START_REF] Lupsa | Autoimmune forms of hypoglycemia[END_REF]. Sometimes both are associated, and they can also be induced by drugs (proton pump inhibitors, clopidogrel, methimazole, etc.).

A. Anti-insulin antibodies

The presence of anti-insulin antibodies usually suggests exposure to exogenous insulin, except in case of insulin-treated diabetes or screening for type 1 prediabetes. In type 1 diabetes, high anti-insulin level may be associated with particular diabetes instability [START_REF] Hu | Fengling Chen Exogenous insulin antibody syndrome (EIAS): a clinical syndrome associated with insulin antibodies induced by exogenous insulin in diabetic patients[END_REF]. Spontaneous occurrence of these antibodies in a non-diabetic person (Hirata syndrome) is reported in some cases, leading to predominantly postprandial hyperinsulinemic hypoglycemia [START_REF] Sahni | Insulin Autoimmune Syndrome: a rare cause of postprandial hypoglycemia[END_REF]. Graves' disease is frequently present in Hirata syndrome, which appears to be particularly prevalent in Japan [START_REF] Paudyal | Spontaneous hypoglycaemia in a patient with Graves' disease[END_REF].

Onset of hypoglycemia is linked to the formation of autoantibody-insulin complexes and insulin release independently of blood sugar level. Immunoprecipitation with polyethylene glycol should be used with caution. Chromatography on filtration gel with the addition of exogenous insulin may enhance detection sensitivity [START_REF] Church | Diagnosis of insulin autoimmune syndrome using polyethylene glycol precipitation and gel filtration chromatography with ex vivo insulin exchange[END_REF].

B. Insulin-receptor antibodies

Hypoglycemia linked to anti-insulin receptor antibodies usually presents as fasting hypoglycemia in women in the context of other autoimmune diseases such as lupus, primary biliary cirrhosis, Hashimoto's thyroiditis or multiple sclerosis [START_REF] Taylor | Syndromes of autoimmunity and hypoglycemia. Autoantibodies directed against insulin and its receptor[END_REF]. However, hypoglycemia can also occur without any autoimmune context, including in insulin-resistant diabetes [START_REF] Maiza | Anti-insulin receptor antibodies related to hypoglycemia in a previously diabetic patient[END_REF]. This is type B insulin resistance If the manifestations are disabling, corticosteroid therapy, or even immunosuppressive regimen in case of life-threatening events, can be started [START_REF] Klubo-Gwiezdzinska | Combined Immunosuppressive Therapy Induces Remission in Patients With Severe Type B Insulin Resistance: A Prospective Cohort Study[END_REF]. Antibodies generally disappear within months or even years [START_REF] Arioglu | Clinical course of the syndrome of autoantibodies to the insulin receptor (type B insulin resistance): a 28-year perspective[END_REF].

V. Conclusion

The analysis of rare causes of hypoglycemia cannot be exhaustive. It should be borne in mind that certain conditions can, confusingly, lead to hyper-as well as hypoglycemia.

Diagnosis of IEMs most often requires a specialist opinion in an IEM reference center. 

  syndrome, often accompanied by acanthosis nigricans. The usual tests are often difficult to interpret because these antibodies can be associated with inhibition of insulin binding, resulting in an apparent hyperinsulinism with low C-peptide, because hypoglycemia slows the secretion of beta cells. The differential diagnosis of this biological profile is artificial hypoglycemia by surreptitious insulin injection. Detection of anti-insulin receptor antibodies (PRISIS Reference Center -Pr. Vigouroux) is contributive. In some cases, insulinemia and pro-insulinemia are also low. The serum and purified immunoglobulin fraction are able to activate the proximal signaling pathway (tyrosine phosphorylation of the insulin receptor beta-subunit and IRS1 (Insulin Receptor Substrate-1)) and distal signaling (phosphorylation of Akt / PKB) in vitro dose-dependently, mimicking the action of insulin[START_REF] Maiza | Anti-insulin receptor antibodies related to hypoglycemia in a previously diabetic patient[END_REF].
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de l'adulte : glycogénoses de type 0, de type I ou maladie de Von Gierke et de type III ou maladie de Cori-Forbes (en haut à droite), troubles de la bêta-oxydation des acides gras (en bas à droite) et troubles de la néoglucogenèse (à gauche).Several of these figures were previously published in Douillard, "Correspondances en MétabolismesHormones Diabètes & Nutrition" (Vol XXII-n°9-10 Nov-Dec2018/ Vol.XXIII-n°1 Jan-Feb 2019).