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Introduction

According to the principal hypercalcemic action, drug-induced hypercalcemia may be PTHeither independent, associated with suppressed plasma PTH concentrations, or PTH-dependent, accompanied by normal or elevated plasma PTH concentrations. Drug-related hypercalcemia with suppressed parathyroid function results from the altered interplay between intestinal calcium absorption, bone remodeling, and renal calcium excretion. Some medicaments act primarily on parathyroid cells to induce functional hyperparathyroidism. However, this pathophysiological classification of drug-induced hypercalcemia is a simplification, as in reality several mechanisms contribute in parallel to the rise of serum calcium. This review focuses on commonly prescribed medicaments that can be responsible for hypercalcemia, questions the mechanisms of their hypercalcemic actions and provides an overview of the optimal medical management.

Calcium supplements

Oral calcium supplements containing calcium carbonate or calcium citrate are part of the conventional therapy of hypocalcemic disorders such as hypoparathyroidism [START_REF] Gafni | Hypoparathyroidism[END_REF] or pseudohypoparathyroidism [START_REF] Mantovani | Diagnosis and management of pseudohypoparathyroidism and related disorders: first international Consensus Statement[END_REF] . The usual daily intake is 0,5 -2,0 g of elemental calcium per day, divided into 2 to 4 daily doses. This treatment leads to hypercalcemia only when combined with other hypercalcemia-inducing drugs, in particular vitamin D and, more commonly, its 1αhydroxylated analogues (vide infra). Exceptionally, oral calcium supplementation can be hypercalcemic in patients with endogenously increased 1α-hydroxylation of vitamin D, i.e.

patients with chronic granulomatous disorders such as sarcoidosis, or in patients with decreased 1,25-dihydroxyvitamin D degradation due to mutations in CYP24A1 [START_REF] Schlingmann | Mutations in CYP24A1 and idiopathic infantile hypercalcemia[END_REF] .

Vitamin D and analogues

The use of vitamin D therapies has considerably increased these past years with numerous studies showing potential beneficial effects in areas beyond bone [START_REF] Holick | Vitamin D deficiency[END_REF] . Both vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol) are used in over-the-counter vitamin D supplements [START_REF] Holick | Vitamin D deficiency[END_REF] . Considering the high prevalence of vitamin D deficiency in Europe, an intake of 400-1000 IU per day is recommended for children and for adults when sun exposure is inadequate or in particular conditions such as pregnancy, malabsorption or chronic kidney Inversely, doses of more than 50,000 IU/d raise serum levels of 25-hydroxyvitamin D to more than 375 nmol/L (150 ng/mL) and are associated with hypercalcemia and hyperphosphatemia.

There are increasing reports of vitamin D toxicity in the literature which appear to be related to manufacturing errors, prescribing errors and increasing use of supplemental high-dose products [START_REF] Taylor | A review of the growing risk of vitamin D toxicity from inappropriate practice[END_REF] .

Manufacturing errors have been reported with fortified foodstuffs and unlicensed over-thecounter supplements. Hypercalcemia induced by overfortification of milk with vitamin D has been described in the United States [START_REF] Jacobus | Hypervitaminosis D associated with drinking milk[END_REF] , but in Europe very few foods are fortified. Regarding dietary supplements, substantial variations can be observed between the stated dose and the actual dose contained in pills, from the same bottle and from separate preparations [START_REF] Leblanc | Over-the-counter and compounded vitamin D: is potency what we expect?[END_REF][START_REF] Andrews | Variability in vitamin D content among products for multivitamin and mineral supplements[END_REF] . However, vitamin D toxicity with hypercalcemia due to dietary supplements is always related to ingestion of extremely large doses (often several hundred-fold the recommended intake) of vitamin D 8,12- 14 .

Rarely, vitamin D toxicity can be encountered when high-dose supplements are taken too frequently due to prescription errors, for example, a 50 000 IU prescription provided daily instead of weekly [START_REF] Kaur | Vitamin D toxicity resulting from overzealous correction of vitamin D deficiency[END_REF] .

Similarly, all the 1α-hydroxylated vitamin D analogues available for the treatment of secondary hyperparathyroidism in the context of end-stage renal disease, of hypoparathyroidism, of pseudohypoparathyroidism and of various forms of inherited rickets can cause hypercalcemia when administered in excess. Among them, paricalcitol (19-nor-1,25-dihydroxyergocalciferol), an analogue of the active form of ergocalciferol, seems to be less hypercalcemic than others, such as alfacalcidol (1-hydroxycholecalciferol) and calcitriol [START_REF] Martin | Vitamin D analogues for the management of secondary hyperparathyroidism[END_REF] .

The clinical symptoms of vitamin D toxicity are like those of hypercalcemia due to any other cause. Although vitamin D intoxication is less likely with cholecalciferol and ergocalciferol than with 1α-hydroxylated vitamin D analogues, when it occurs hypercalcemia is more sustained than with alfacalcidol or calcitriol intoxication [START_REF] Gafni | Hypoparathyroidism[END_REF] . Laboratory findings other than hypercalcemia include The duration of ingestion of vitamin D, the starting serum 25-hydroxyvitamin D concentration before ingestion, and the underlying reason for therapy play a role in the occurrence of hypercalcemia. For example, patients with chronic granulomatous disorders such as sarcoidosis are more sensitive to serum 25-hydroxyvitamin D levels above 75 nmol/L (30 ng/mL) [START_REF] Holick | Vitamin D deficiency[END_REF] .

Recombinant human PTH

Treatment with the human recombinant PTH 1-34 fragment, teriparatide, or (in some countries) with intact PTH 1-84 is currently the only available anabolic therapy for osteoporosis. Both medicaments act by direct stimulation of osteoblast activity and recruitment as well as stimulation of remodeling, favoring bone formation. They increase bone formation rate in cancellous, endocortical, and periosteal envelopes and augment the thickness of bone packets [START_REF] Cosman | Treatment Sequence Matters: Anabolic and Antiresorptive Therapy for Osteoporosis[END_REF] . This treatment is prescribed for 2 years, with the recommendation to monitor serum calcium every 3-6 moths. Hypercalcemia occurs very rarely.

Hypoparathyroidism is conventionally treated with oral calcium supplements and active vitamin D derivates, but in patients not controlled with such treatment, recombinant parathyroid hormone therapy with twice-daily subcutaneous injections of teriparatide or with once-daily intact PTH 1-84 can adequately manage hypocalcemia and improve patients' reported symptoms [START_REF] Gafni | Hypoparathyroidism[END_REF] . In patients receiving PTH replacement therapy the target serum calcium concentrations (albumin-adjusted total calcium or ionized calcium) are in the in lower part of the normal range, which is slightly higher than in patients under conventional therapy, calcium is usually kept at the lower limit of the normal range and even below provided that the patients has not symptoms of hypocalcemia [START_REF] Bollerslev | European Society of Endocrinology Clinical Guideline: Treatment of chronic hypoparathyroidism in adults[END_REF] .

Regular monitoring of serum calcium every 3-6 months is recommended in patients on PTH replacement therapy [START_REF] Gafni | Hypoparathyroidism[END_REF] . Hypercalcemia can occur because of overtreatment, usually in patients also receiving calcium carbonate and active vitamin D derivates. Decreased renal function and dehydration, for instance during acute infection, can favor the occurrence of transient hypercalcemic episodes. The hypercalcemic effect of PTH is considered mainly related to its renal action [START_REF] Gardin | Normocalcemic primary hyperparathyroidism: resistance to PTH effect on tubular reabsorption of calcium[END_REF] . In such situations, PTH replacement therapy should be transiently suspended until the normalization of calcaemia, and hospital admission should be considered according to the severity of hypercalcemia.

Denosumab

Hypercalcemia has been reported after discontinuation of denosumab, both in children and adults [START_REF] Uday | Osteonecrosis of the Jaw and Rebound Hypercalcemia in Young People Treated With Denosumab for Giant Cell Tumor of Bone[END_REF][START_REF] Setsu | Severe hypercalcemia following denosumab treatment in a juvenile patient[END_REF][START_REF] Sølling | Hypercalcemia after discontinuation of long-term denosumab treatment[END_REF] after prolonged treatment with denosumab (several years), at high doses, for various indications (breast cancer, giant cell tumors of bone, Paget's disease…). Hypercalcemia occurred at various time (7 weeks to 7 months) after cessation of the treatment. It was often severe, requiring hyperhydration and intravenous bisphosphonate treatment [START_REF] Uday | Osteonecrosis of the Jaw and Rebound Hypercalcemia in Young People Treated With Denosumab for Giant Cell Tumor of Bone[END_REF][START_REF] Setsu | Severe hypercalcemia following denosumab treatment in a juvenile patient[END_REF][START_REF] Sydlik | Hypercalcaemia after treatment with denosumab in children: bisphosphonates as an option for therapy and prevention?[END_REF] . Associated osteonecrosis of the jaw and atypical femoral fractures have been reported [START_REF] Uday | Osteonecrosis of the Jaw and Rebound Hypercalcemia in Young People Treated With Denosumab for Giant Cell Tumor of Bone[END_REF] .

Biologically, serum PTH concentrations are suppressed. Hypercalcemia is associated with an increased bone remodeling due to a rebound of bone resorption and hyperactivation of the RANKL pathway [START_REF] Roux | Acute hypercalcemia and excessive bone resorption following anti-RANKL withdrawal: Case report and brief literature review[END_REF] . It is thought to be a feature of skeletally immature children because of the high bone turnover present in this population [START_REF] Uday | Osteonecrosis of the Jaw and Rebound Hypercalcemia in Young People Treated With Denosumab for Giant Cell Tumor of Bone[END_REF] but this side effect is not restricted to young patients.

Vitamin A analogues

Vitamin A can be consumed as preformed vitamin A, in the form of retinol found in animal sources (meat, liver, liver oils), some multivitamins and fortified foods (milk, butter, cereals), or as provitamin A carotenoids (α-or β-carotene) found in fruits and vegetables. The cleavage of provitamin A carotenoids to retinal is highly regulated and saturation of intestinal absorption occurs with excessive intake [START_REF] Blomhoff | Transport and storage of vitamin A[END_REF] , making vitamin A toxicity from provitamin A sources likely impossible. Preformed vitamin A, on the other hand, can be stored in the liver [START_REF] Blomhoff | Transport and storage of vitamin A[END_REF] . With the development of multivitamins and fortified food, an increasing amount of people may ingest more than the recommended dietary allowance for vitamin A (3,000 IU in children and 5000 IU in adults or, in retinol activity equivalents RAE, 400-950 µg/d), much of it as preformed vitamin A [START_REF] Allen | Estimating the potential for vitamin A toxicity in women and young children[END_REF] . However, the risk of achieving toxic levels of vitamin A is theoretically very low with commercial formulations. Toxicity results from the ingestion of high amounts of preformed vitamin for months or years. Daily intakes of > 25,000 IU for > 6 years and > 100,000 IU for > 6 months are considered toxic [START_REF] Hathcock | Evaluation of vitamin A toxicity[END_REF] , but there is important interindividual variability in tolerance to vitamin A intake [START_REF] Lorenzo | Refractory hypercalcemia owing to vitamin A toxicity in a 4-year-old boy[END_REF] . Children are particularly sensitive to vitamin A, with daily intakes of 1,500 IU/kg body weight reportedly leading to toxicity [START_REF] Hathcock | Evaluation of vitamin A toxicity[END_REF] . Alteration in liver function due to drugs, viral hepatitis, or protein-energy malnutrition increases the risk of vitamin A toxicity.

Hypercalcemia is a very rare complication of vitamin A intoxication and is not usually encountered among patients seen in endocrinology departments. It has been reported in the following groups of patients: those receiving all-trans retinoic acid (ATRA) therapy for treatment of acute promyelocytic leukaemia [START_REF] Akiyama | Hypercalcaemia due to all-trans retinoic acid[END_REF][START_REF] Cordoba | Hypercalcemia due to an interaction of all-trans retinoic acid (ATRA) and itraconazole therapy for acute promyelocytic leukemia successfully treated with zoledronic acid[END_REF] ; children with high-risk neuroblastoma treated with 13-cisretinoic acid [START_REF] Belden | Hypercalcemia induced by 13-cis-retinoic acid in a patient with neuroblastoma[END_REF][START_REF] Marabelle | Hypercalcemia and 13-cisretinoic acid in post-consolidation therapy of neuroblastoma[END_REF] ; hemodialysis patients who consume nutritional supplements containing a pharmacological dosage of vitamin A, sometimes combined with high doses of vitamin D [START_REF] Fishbane | Hypervitaminosis A in two hemodialysis patients[END_REF] ; those who ingest unlicensed over-the-counter supplements containing excessive doses of vitamin A 35 ; those given prolonged enteral feeding [START_REF] Bremner | Vitamin A toxicity in burns patients on long-term enteral feed[END_REF] . However, even in these groups of patients, vitamin A intoxication remains very rare with only anecdotal reports.

Hypercalcemia can be accompanied by classic features of vitamin A toxicity, including dry skin, cheilitis, alopecia, pruritis, fatigue, anorexia, headache, bone pain, pseudotumour cerebri and liver toxicity. Serum phosphate is normal, whereas 1,25-dihydroxyvitamin D and parathyroid hormone concentrations are low. Serum retinol is not a good measure of vitamin A status during toxicity. Biomarkers other than plasma retinol (retinoic acid and its metabolites) may be useful in in diagnosis of vitamin A intoxication but are not easily available in clinical practice [START_REF] Penniston | The acute and chronic toxic effects of vitamin A[END_REF] .

It is not clear how vitamin A causes hypercalcemia. Few studies reported increased bone resorption (increased number and size of osteoclasts) and reduced bone formation, resulting in bone loss, associated with spontaneous fractures and cartilage abnormalities (epiphyseal closure and calcification) in rats treated with high doses of vitamin A [START_REF] Clark | EFFECTS OF HYPERVITAMINOSIS A AND D ON SKELETAL METABOLISM[END_REF][START_REF] Binkley | Hypervitaminosis A and bone[END_REF] . Vitamin A is thought to have a direct effect on osteoclast formation and stimulation of mature osteoclast activity and inhibit collagen synthesis and growth of osteoblast-like cells [START_REF] Scheven | Retinoic acid and 1,25-dihydroxyvitamin D3 stimulate osteoclast formation by different mechanisms[END_REF][START_REF] Oreffo | Effect of vitamin A on bone resorption: evidence for direct stimulation of isolated chicken osteoclasts by retinol and retinoic acid[END_REF][START_REF] Dickson | Vitamin A and bone formation. Effect of an excess of retinol on bone collagen synthesis in vitro[END_REF] . Indeed, receptors for retinoic acid are located on both osteoblasts and osteoclasts [START_REF] Harada | Gene expression of retinoic acid receptors, retinoid-X receptors, and cellular retinol-binding protein I in bone and its regulation by vitamin A[END_REF] . Vitamin A could also induce PTH release as shown in vitro in bovine parathyroid cells [START_REF] Chertow | Vitamin A stimulation of parathyroid hormone: interactions with calcium, hydrocortisone, and vitamin E in bovine parathyroid tissues and effects of vitamin A in man[END_REF] .

Effects of hypervitaminosis A on bone in humans have been rarely described. Periosteal thickening, ligamentous calcification and enthesopathy, osteophyte development, epiphyseal closure, and decreased bone mineral density have been reported with isotretinoin prescribed for acnea [START_REF] Digiovanna | Isotretinoin effects on bone[END_REF] . These changes resemble those observed in the disorder known as diffuse idiopathic skeletal hyperostosis (DISH). However, hypercalcemia is not associated with these manifestations. Few observational studies have evaluated the bone status in subjects taking vitamin A and their results are contradictory. Some of them are suggesting an increased risk of osteoporosis and hip fractures with vitamin A supplementation [START_REF] Feskanich | Vitamin A intake and hip fractures among postmenopausal women[END_REF][START_REF] Michaëlsson | Serum retinol levels and the risk of fracture[END_REF] , independently of the presence of hypercalcemia.

Tamoxifen

In patients with advanced breast cancer, flare hypercalcemia may appear within the first few weeks of initiation of tamoxifen therapy [START_REF] Nikolic-Tomasević | Tumor "flare" hypercalcemia-an additional indication for bisphosphonates?[END_REF][START_REF] Arumugam | Tamoxifen flare hypercalcemia: an additional support for gallium nitrate usage[END_REF] . In all reported cases, the hypercalcemic patients had osteolytic or mixed lytic and blastic bone metastases. There are no specific treatment recommendations for flare hypercalcemia, except tamoxifen withdrawal. After normalization of calcemia, tamoxifen can usually be resumed without relapse of hypercalcemia.

The mechanism is not clearly understood. It may be due to increased osteoclast activity and bone resorption, caused by the release of various factors from tumor cells, such as transforming growth factor (TGF)α and epidermal factors, cytokines (IL-1 and IL-6), tumor necrosis factor α (TNFα), or prostaglandin (PGE2). Another mechanism in premenopausal women in whom tamoxifen is associated with GnRH agonists could be the insufficient estrogenic effect of tamoxifen on bone, favoring trabecular and endocortical bone resorption [START_REF] Arumugam | Tamoxifen flare hypercalcemia: an additional support for gallium nitrate usage[END_REF][START_REF] Manolagas | The role of estrogen and androgen receptors in bone health and disease[END_REF] .

Thiazide diuretics

Hypercalcemia associated with thiazide use is a well-known clinical entity. However, prevalence of hypercalcemia in subjects on thiazide diuretics has been estimated to be around 2%, nearly three times higher than the prevalence of hypercalcemia observed in same-aged subjects in the general population [START_REF] Christensson | Letter: Lithium, hypercalcaemia, and hyperparathyroidism[END_REF] . The overall annual age-and sex-adjusted incidence of hypercalcemia in thiazide treated subjects is as high as 20 per 100, 000 per year in the United States [START_REF] Griebeler | Thiazide-Associated Hypercalcemia: Incidence and Association With Primary Hyperparathyroidism Over Two Decades[END_REF] . This unexpected high incidence contrasts with the absence of effect of thiazide administration on plasma calcium concentration in healthy subjects [START_REF] Rejnmark | Effects of thiazide-and loop-diuretics, alone or in combination, on calcitropic hormones and biochemical bone markers: a randomized controlled study[END_REF] and in subjects with renal hypercalciuria [START_REF] Parfitt | The interactions of thiazide diuretics with parathyroid hormone and vitamin D. Studies in patients with hypoparathyroidism[END_REF] .

This suggests that at least one additional factor is requested to allow hypercalcemia to appear.

Accordingly, hypercalcemia persists in 70% of patients after thiazide therapy discontinuation.

Similarly to patients with primary hyperparathyroidism, subjects with thiazide-associated hypercalcemia are mainly women (about 80%) and of older age [START_REF] Christensson | Letter: Lithium, hypercalcaemia, and hyperparathyroidism[END_REF][START_REF] Griebeler | Thiazide-Associated Hypercalcemia: Incidence and Association With Primary Hyperparathyroidism Over Two Decades[END_REF] . A primary hyperparathyroidism was documented in about 70% of subjects in the latter studies.

The high frequency of hypercalcemia in thiazide-treated patients could be explained by enhanced renal proximal calcium reabsorption, turning preexistent asymptomatic normocalcemic hyperparathyroidism, or hyperparathyroidism with intermittent hypercalcemia into the classic hypercalcemic hyperparathyroidism. Thiazide diuretics stimulate proximal tubular sodium reabsorption as a compensation of their primary natriuretic action in the distal tubule, resulting in enhanced proximal passive calcium transport [START_REF] Nijenhuis | Enhanced passive Ca2+ reabsorption and reduced Mg2+ channel abundance explains thiazide-induced hypocalciuria and hypomagnesemia[END_REF] .

A direct effect of thiazides on parathyroid glands has also been suggested. Long-term administration of hydrochlorothiazide to dogs not only led to hypercalcemia with hypophosphatemia, but also resulted in parathyroid glands enlargement [START_REF] Pickleman | Thiazide-induced parathyroid stimulation[END_REF] . Along this line, the frequency of parathyroid hyperplasia in thiazide-associated hyperparathyroidism is 2-fold higher than in sporadic hyperparathyroidism [START_REF] Griebeler | Thiazide-Associated Hypercalcemia: Incidence and Association With Primary Hyperparathyroidism Over Two Decades[END_REF] .

The differential diagnosis between PTH-dependent hypercalcemia related to thiazides and familial hypocalciuric hypercalcemia can be difficult due to the stimulatory effect of thiazides on renal tubular reabsorption of calcium, lowering calcium excretion. It is thus recommended to measure 24-hour urine calcium and creatinine after withholding diuretics. After an acute exposure to thiazides for 8 days, calciuria returned to baseline within few days [START_REF] Parfitt | The interactions of thiazide diuretics with parathyroid hormone and vitamin D. Studies in patients with hypoparathyroidism[END_REF] , but after longterm treatment with thiazides these should to be discontinued for a longer period before assessment of calcium excretion. Sequencing of genes involved in familial hypocalciuric hypercalcemia can also facilitate the differential diagnosis between these two entities, when surgical approach is envisioned.

Lithium

Lithium is a key treatment to control the bipolar disorder. It requires close monitoring, as its therapeutic index is narrow. Hypercalcemia is one of the well-known complications of lithium treatment and seems mainly related to drug-induced hyperparathyroidism [START_REF] Meehan | Characterization of Calcium Homeostasis in Lithium-Treated Patients Reveals Both Hypercalcaemia and Hypocalcaemia[END_REF] . Cross sectional studies estimated the incidence of hypercalcemia in lithium-treated patients with bipolar disorder between 8 to 15% [START_REF] Mcintosh | The prevalence, mechanism and clinical significance of lithium-induced hypercalcaemia[END_REF][START_REF] Twigt | Hypercalcemia in patients with bipolar disorder treated with lithium: a cross-sectional study[END_REF] , while the reported frequency of patients with PTH concentrations above the upper range of normal, without accompanying hypercalcemia, is between 15% and 47% [START_REF] Van Melick | The influence of lithium on calcium homeostasis in older patients in daily clinical practice[END_REF][START_REF] Mallette | Effects of lithium carbonate on human calcium metabolism[END_REF] .

Lithium-induced hyperparathyroidism increases with treatment duration [START_REF] Meehan | Characterization of Calcium Homeostasis in Lithium-Treated Patients Reveals Both Hypercalcaemia and Hypocalcaemia[END_REF][START_REF] Bendz | Renal function on and off lithium in patients treated with lithium for 15 years or more. A controlled, prospective lithium-withdrawal study[END_REF] . Hypercalcemia may be reversible upon discontinuation of lithium therapy [START_REF] Mallette | Lithium treatment increases intact and midregion parathyroid hormone and parathyroid volume[END_REF] , however after long-term exposition the chances that parathyroid function normalizes are low [START_REF] Bendz | Renal function on and off lithium in patients treated with lithium for 15 years or more. A controlled, prospective lithium-withdrawal study[END_REF] .

Lithium has a direct effect on calcium regulated PTH release. It increases the "set-point" for calcium (i.e., the concentration of serum calcium required for half-maximal inhibition of PTH release) in a dose-dependent manner. In vitro studies in human parathyroid tissue concluded that this effect was related to the extracellular rather than the intracellular concentration of the medicament [START_REF] Shen | Lithium-induced hyperparathyroidism: an alteration of the "set-point[END_REF][START_REF] Wallace | Similarities of Li+ and low Ca2+ in the modulation of secretion by parathyroid cells in vitro[END_REF] . Lithium interferes with transmembrane signal transduction in the parathyroid cells [START_REF] Mchenry | Lithium therapy and disorders of the parathyroid glands[END_REF] , in particular in the intracellular signaling pathway of the calcium-sensing receptor [START_REF] Riccardi | Physiology and pathophysiology of the calcium-sensing receptor in the kidney[END_REF] .

From the histopathological point of view, lithium induces both parathyroid hyperplasia [START_REF] Mallette | Lithium treatment increases intact and midregion parathyroid hormone and parathyroid volume[END_REF] and multiple adenomas. Multiple parathyroid lesions are found in more than 50% of operated patients with lithium-induced hyperparathyroidism [START_REF] Meehan | Characterization of Calcium Homeostasis in Lithium-Treated Patients Reveals Both Hypercalcaemia and Hypocalcaemia[END_REF][START_REF] Bendz | Renal function on and off lithium in patients treated with lithium for 15 years or more. A controlled, prospective lithium-withdrawal study[END_REF] , far more frequently than in patients with primary hyperparathyroidism [START_REF] Varhaug | Long-term results of surgery for lithium-associated hyperparathyroidism[END_REF][START_REF] Dixon | Use of cinacalcet in lithium-induced hyperparathyroidism[END_REF] .

In addition to its action on parathyroid cells, lithium enhances renal reabsorption of calcium in the thick limb of Henle's loop [START_REF] Dubovsky | Hypocalciuric effect of lithium: a confirmatory study[END_REF] . This additional effect on renal tubule explains why lithiuminduced hyperparathyroidism biochemically mimics familial hypocalciuric hypercalcemia.

As lithium-induced hypercalcemia may exacerbate psychiatric symptoms and mimic disorder relapse, worsening of psychiatric symptoms should always lead to serum calcium measurement.

In cases of asymptomatic and / or mild hypercalcemia, lithium treatment can be continued when regular monitoring of serum calcium can be guaranteed. Parathyroid surgery should be proposed in cases of severe and / or symptomatic hypercalcemia in patients in whom lithium treatment needs to be continued because of ineffectiveness of other psychopharmacological approaches.

Cinacalcet has been used with success in several cases of lithium-induced hyperparathyroidism [START_REF] Dixon | Use of cinacalcet in lithium-induced hyperparathyroidism[END_REF][START_REF] Szalat | Lithium-associated hyperparathyroidism: report of four cases and review of the literature[END_REF][START_REF] Gregoor | Lithium hypercalcemia, hyperparathyroidism, and cinacalcet[END_REF][START_REF] Sloand | Normalization of lithium-induced hypercalcemia and hyperparathyroidism with cinacalcet hydrochloride[END_REF] .

Clinics Care Points:

• Use of over-the-counter vitamin D supplements has considerably increased over the past years.

• Vitamin D supplements together with the 1α-hydroxylated vitamin D analogues are one of the most frequent causes of drug-related hypercalcemia.

• In patients with hypoparathyroidism receiving recombinant human PTH, transient hypercalcemia can occur because of overtreatment, usually in patients with decreased renal function and dehydration during acute infection.

• Vitamin A is classically reported as a cause of hypercalcemia but is actually almost never encountered among patients seen in endocrinology departments and remains very rare in oncologic and hepatologic departments.

• Hypercalcemia in thiazide-treated patients is mainly explained by enhanced renal proximal calcium reabsorption that is a consequence of their primary natriuretic action in the distal tubule.

• Lithium causes hypercalcemia mainly by drug-induced hyperparathyroidism. Worsening of psychiatric symptoms in a lithium-treated patient should always lead to serum calcium measurement.

disease 4 .

 4 The highest level of daily vitamin D3 intake that is considered safe for almost all individuals in the general population is 1000 IU/d in infants ages 0-6 months, 1500 IU/d in infants ages 6-12 months, 2500 IU/d in children ages 1-5 years, 3000 IU/d in children ages 4-8 years, and 4000 IU/d in adolescents and adults 5 . Vitamin D stocks can be evaluated with the measurement of serum 25-hydroxyvitamin D, a metabolite that has undergone 25-hydroxylation in the liver. Concentrations of 25-hydroxyvitamin D above 250 nmol/L (100 ng/mL) are considered excessive, with concentrations above 375 nmol/L (150 ng/mL) being associated with toxicity. The short-term ingestion of up to 10 000 IU/d of vitamin D3 appears to be safe with the maintenance of serum 25-hydroxyvitamin D concentrations below 125 nmol/L (50 ng/mL) 6 . Normal individuals exposed to sunlight for short or long periods of time can have serum 25hydroxyvitamin D concentrations as high as 163 nmol/L (65 ng/mL) without hypercalcemia 7 .

  hyperphosphatemia and suppressed serum PTH concentrations. Absorptive hypercalciuria is frequently present. Urinary calcium excretion is generally elevated before the development of hypercalcemia in patients with hypervitaminosis D. In most cases, serum 1,25-dihydroxyvitamin D concentrations are normal. The serum 25-hydroxyvitamin D concentration at which an individual develops hypercalcemia is influenced by the amount of dietary calcium intake. However, concentrations of serum 25-hydroxyvitamin D > 200 nmol/L (80 ng/mL) in the presence of hypercalcemia and the clinical setting of excessive vitamin D ingestion should raise the suspicion of vitamin D intoxication. Hypercalcemia induced by vitamin D or vitamin D analogues intoxication result mainly from increased intestinal calcium absorption, but increased bone resorption and renal calcium reabsorption also participate. 25-hydroxyvitamin D, when present in excess, could bind to the vitamin D receptor and induce or repress calcium-regulating genes in target tissues such as the intestine, kidney, and bone. A second possible mechanism could be the endogenous production of vitamin D metabolites which bind to the vitamin D receptor 5 .