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Introduction

Factitious hypoglycemia is a factitious disorder (also known as Munchausen syndrome) according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), referring to intentionally covertly induced hypoglycemia. It may be self-imposed or imposed on another, using antidiabetic medication such as insulin (which is the focus of this article), sulfonylureas or glinides. One-year prevalence of all factitious disorders is 1.3% [START_REF] Fliege | Frequency of ICD-10 factitious disorder: survey of senior hospital consultants and physicians in private practice[END_REF]. Endocrinology is the medical specialty with the highest rate of reported cases, of which hypoglycemia is the most frequent presentation [START_REF] Yates | Factitious disorder: a systematic review of 455 cases in the professional literature[END_REF]. Factitious hypoglycemia may be severe and cause coma, irreversible brain damage and death.

Diagnosing factitious hypoglycemia in insulin-treated diabetic persons is challenging and time-consuming. Hypoglycemia is a common and expected adverse event associated with insulin therapy, and intentional injection may not be suspected until hypo-glycemia becomes recurrent. This is in contrast to most factitious disorders, where atypical presentation or inconsistent medical context may provide a hint. In addition, factitious hypoglycemia may mimic several other endocrine conditions (e.g., brittle diabetes, insulinoma, adrenal insufficiency, etc.), which must first be considered. Moreover-and this is one message we would like to pass on-insulin and C-peptide measurements may provide inconsistent or misleading results, depending on the cross-reactivity of the insulin quantification assays with the specific insulin analog used to induce hypoglycemia [START_REF] Bayart | Factitious hypoglycemia: "a never-ending story[END_REF][START_REF] Lotierzo | Accurate selection of insulin immunoassay to discern factitious hypoglycemia: a case report[END_REF][START_REF] Elmas | Importance of insulin immunoassays in the diagnosis of factitious hypoglycemia[END_REF][START_REF] Neal | Insulin immunoassays in the detection of insulin analogues in factitious hypoglycemia[END_REF][START_REF] Simó-Servat | Relevance of insulin immunoassay characteristics in factitious hypoglycemia[END_REF][START_REF] Joshi | A difficult case of recurrent hypoglycaemia: role of insulin assays in establishing the diagnosis[END_REF].

An illustrative case report (adapted from [4])

We recently reported the case of a 20-year-old women with a 5-year history of poorly controlled type-2 diabetes, treated with metformin and insulin pump therapy (insulin aspart, Omnipod pump, Insulet Corporation, USA), who was admitted for acute hyperglycemia without ketosis (blood glucose 25 mmol/L, HbA1c 12.2%) [START_REF] Lotierzo | Accurate selection of insulin immunoassay to discern factitious hypoglycemia: a case report[END_REF]. On day 4 following admission, episodes of hypoglycemia occurred and became more frequent even after insulin infusion was decreased and stopped. Differential diagnoses were assessed: the corticotropic axis was normal, anti-insulin antibody concentration on ELISA was < 10 IU/ml and IGF-1 and IGF-2 concentrations were normal. In addition, pro-insulin was undetectable during the episodes, as were hypoglycemic sulfonamides. Glucagon concentration was 190 ng/l (N < 211).

Insulin and C-peptide measurements were performed with Elecsys assay on a COBAS 8000 e602 analyzer (Roche Diagnostics, Melan, France). Successive measurements of insulinemia were low and highly variable despite very low glucose levels. Insulin-to-C-peptide ratios were constantly < 1. A possible explanation was the presence of exogenous insulin, which was not detected by the Roche Elecsys assay. Therefore, 2 blood samples collected during a hypoglycemic episode were analyzed with the Immulite 2000 Xpi system (Siemens Healthcare, Saint-Denis, France). On this method, insulinemia was significantly elevated, suggesting the presence of an insulin analog (see Table 1 in ref [START_REF] Lotierzo | Accurate selection of insulin immunoassay to discern factitious hypoglycemia: a case report[END_REF]). To confirm this hypothesis, samples were sent for specific identification of insulin analogs by the LC-MS/HRMS method. Aspart analog was identified in both samples. Human insulin, lispro, glulisine, glargine, glargine M1, detemir and degludec were undetectable. Despite the result suggesting insulin injection, the patient denied taking insulin. Psychiatric assessment did not reveal any suicidal urge or major dysthymia. The patient discharged herself against medical advice.

Main features of diabetic patients presenting factitious hypoglycemia

Clinical data comprise only case reports or analyses of pooled case reports, thus with low levels of evidence. A recent publication reviewed 31 cases of factitious hypoglycemia in adults, including 17 with insulin-treated diabetes [START_REF] Kyriacou | factitious hypoglycae MIA: A case report and literature review n[END_REF]. Mean age was 36.4 ± 12.4 years; the sex ratio was 3.2 females for 1 male. Nine patients (53%) had a diagnosis of type-1 diabetes, 3 (18%) of type-2, and 5 (29%) of uncategorized diabetes. Eight (47%) had psychiatric history including substance abuse. These data are in accordance with older reported series. For instance, Grunberger et al. reported 5 cases of factitious hypoglycemia in insulin-treated diabetic patients [START_REF] Grunberger | Factitious hypoglycemia due to surreptitious administration of insulin. Diagnosis, treatment, and long-term follow-up[END_REF]. In this series, mean age at presentation was 34.4 ± 10.0 years, and all patients were female. This was the only study with long follow-up (range, 4 months to 13 years). Three patients did not show further factitious hypoglycemia, 1 patient continued factitious insulin injection and 1 was found dead 4 months after diagnosis of factitious hypoglycemia (no autopsy was performed) [START_REF] Grunberger | Factitious hypoglycemia due to surreptitious administration of insulin. Diagnosis, treatment, and long-term follow-up[END_REF]. Factitious hypoglycemia was also reported in diabetic children and adolescents. A recent series pooled 40 cases of children and adolescents from a literature review [START_REF] Bauman | Factitious hypoglycemia in children and adolescents with diabetes[END_REF]. Here again, the majority were female; mean age at diagnosis was 13.5 ± 2.0 years and mean duration of diabetes 6 years. Psychiatric or psychological conditions were reported in 14 cases (35%) [START_REF] Bauman | Factitious hypoglycemia in children and adolescents with diabetes[END_REF].

Pitfalls of routinely used insulin quantification assays

It has been suggested that insulin/C-peptide ratio > 1 may be useful in identifying hypoglycemia induced by factitious insulin injection [START_REF] Lebowitz | The molar ratio of insulin to c-peptide: an aid to the diagnosis of hypoglycemia due to surreptitious (or Inadvertent) insulin administration[END_REF]. In 2015, the American pediatric guidelines for management of hypoglycemia mentioned the insulin/C-peptide molar ratio as a tool hinting at exogenous insulin injection [START_REF] Thornton | Recommendations from the Pediatric endocrine society for evaluation and management of persistent hypoglycemia in neonates, infants, and children[END_REF]. How-ever, this is not applicable to all insulin detection methods, which may fail to detect certain specific insulin analogs [START_REF] Parfitt | Commercial insulin immunoassays fail to detect commonly prescribed insulin analogues[END_REF][START_REF] Heald | Most commercial insulin assays fail to detect recombinant insulin analogues[END_REF]. Several reported cases now show that insulin measurement during a hypo-glycemic episode can be misleading if relying only on the routine insulin quantification method, which may not properly detect the culprit insulin analog (Table 1).

The Roche Elecsys method mostly detects human insulin and the glargine metabolite M1 [START_REF] Joshi | A difficult case of recurrent hypoglycaemia: role of insulin assays in establishing the diagnosis[END_REF][START_REF] Heurtault | Extensive study of human insulin immunoassays: promises and pit-falls for insulin analogue detection and quantification[END_REF]. It uses two monoclonal anti-bodies: MAK-Bi (R1) recognizes residues 7 to 10 of the A chain of insulin, and Fab-Ru (R2) recognizes the C-terminal part of the B chain. Hence, R2 fails to recognize lispro, in which the Pro28 and Lys29 B-chain residues have been swapped over [START_REF] Sapin | Elecsys insulin assay: free insulin determination and the absence of cross-reactivity with insulin lispro[END_REF]. Similarly, it fails to detect aspart, in which Pro has been replaced by Asp at position 28 in the B chain, or glargine, likely because of the 2 Arg residues at the C-terminus of the B chain. The glargine M1 metabolite from which the 2 Arg were removed is detected at high concentration [START_REF] Kuerzel | Biotransformation of insulin glargine after subcutaneous injection in healthy subjects[END_REF][START_REF] Dayaldasani | Crossreactivity of insulin analogues with three insulin assays[END_REF]. The Diasorin Liaison insulin assay shows a similar insulin analog detection profile [START_REF] Gruson | Cross-reactivity of insulin analogs with the Diasorin Liaison insulin assay[END_REF]. Conversely, three other immunoassays, Access (Beckman Coulter) and AdviaCentaur and Immulite 2000 (Siemens), show some degree of cross-reactivity with lispro, aspart and glargine [START_REF] Owen | Cross-reactivity of three recombinant insulin analogs with five commercial insulin immunoassays[END_REF]. On the other hand, glulisine analog, in which Asp has been replaced by Lys at position 3 of the B chain and Lys replaced by Glu at position 29 of the B chain, is undetectable by the large majority of commercial immunoassays, including the Roche Elecsys method in the range of 10 to 200 IU/ml, as are detemir and degludec [START_REF] Parfitt | Commercial insulin immunoassays fail to detect commonly prescribed insulin analogues[END_REF][START_REF] Heurtault | Extensive study of human insulin immunoassays: promises and pit-falls for insulin analogue detection and quantification[END_REF]. Hence, when factitious hypoglycemia is suspected, using 2 insulin quantification methods with distinct cross-reactivities for insulin analogs helps confirm diagnosis in most cases.

Conclusion

Factitious hypoglycemia in insulin-treated persons has long been described [START_REF] Conn | Hyperinsulinism of an unusual type; a metabolic study[END_REF][START_REF] Whelton | Factitious hypoglycemia in a diabetic: metabolic studies and diagnosis with radioactive isotopes[END_REF], but knowledge is based on case reports without guidelines or consensus for diagnosis and management. A few risk factors have been highlighted: young age (4th decade), female gender, and history of psychiatric conditions. Factitious hypoglycemia is a diagnosis of exclusion, which may involve a long and costly process.

Reliable quantification of manufactured insulins would be instrumental in establishing a positive diagnosis but, to date, no single routinely used method is capable of detecting every insulin analog. Moreover, information regarding the cross-reactivity of the main assays is partial. Non-detection may be misleading for the unaware physician, and trigger unnecessary explorations [START_REF] Bayart | Factitious hypoglycemia: "a never-ending story[END_REF][START_REF] Rouvellat | Severe hypoglycemias in a diabetic man by surreptitious self-injections of an insulin analogue[END_REF] When factitious hypoglycemia is suspected, several studies now suggest combining 2 insulin quantification methods with different cross-reactivities for insulin analogs, early on in the diagnostic process (Table 1). Discrepancy in serum insulin measurements suggests the presence of insulin analogs. The interfering analogs can then be identified by LC-MS/HRMS when available [START_REF] Lotierzo | Accurate selection of insulin immunoassay to discern factitious hypoglycemia: a case report[END_REF]. In all instances, active collaboration between medical biologists and clinicians helps disentangle complex situations.
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