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Lithium induced hypercalcemia: an expert opinion and management algorithm
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Abstract
Background
Lithium is the gold standard prophylactic treatment for bipolar disorder. Most clinical practice guidelines recommend regular calcium assessments as part of monitoring lithium treatment, but easy-to-implement specific management strategies in the event of abnormal calcium levels are lacking.

Methods
Based on a narrative review of the effects of lithium on calcium and parathyroid hormone (PTH) homeostasis and its clinical implications, experts developed a step-by-step algorithm to guide the initial management of emergent hypercalcemia during lithium treatment.

Results
In the event of albumin-corrected plasma calcium levels above the upper limit, PTH and calcium levels should be measured after two weeks. Measurement of PTH and calcium levels should preferably be repeated after one month in case of normal or high PTH level, and after one week in case of low PTH level, independently of calcium levels. Calcium levels above 2.8 mmol/l may require a more acute approach. If PTH and calcium levels are normalized, repeated measurements are suggested after six months. In case of persistent PTH and calcium abnormalities, referral to an endocrinologist is suggested since further examination may be needed.

Conclusions
Standardized consensus driven management may diminish the potential risk of clinicians avoiding the use of lithium because of uncertainties about managing side-effects and consequently hindering some patients from receiving an optimal treatment.
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Background
Lithium is the gold standard in recurrence prevention in patients diagnosed with bipolar disorders (Licht 2012). Data has also supported a substantial reduction of suicides and suicide-related mortality (Lewitzka et al. 2015; Malhi et al. 2017; Tondo et al. 2001), although newer randomized trials have not been able to replicate this effect when compared to placebo (Katz et al. 2022), possibly related to low mean lithium concentration, patient sample and a short follow-up period (Manchia et al. 2022). Furthermore, lithium is indicated in the treatment of patients with unipolar depressive disorder as an augmenting strategy in combination with antidepressants or as a monotherapy—especially with a highly recurrent illness course (Tiihonen et al. 2017). Lithium as a maintenance treatment for bipolar disorder has demonstrated to be superior to placebo and at least comparable to relevant active comparators, even when the comparator was tested under enriched study conditions, i.e., the randomized patients were responders to acute treatment of the drug (Licht 2012). Despite the high level of evidence supporting the effectiveness of lithium in the treatment of unipolar and bipolar disorders and its continued position as a first line treatment in various practice guidelines, its use has diminished over the last decades (Malhi et al. 2021). This underutilization seems particularly at odds with the strength of the evidence.
Due to the low therapeutic index of lithium, therapeutic drug monitoring is required along with laboratory monitoring of thyroid and renal functions and by measurements of calcium levels. The laboratory monitoring should be performed in combination with regular clinical assessments of potential side-effects, such as gastrointestinal symptoms, tremor, polyuria and cognitive dulling (McKnight et al. 2012). The symptoms related to high calcium in the blood may depend on the level of hypercalcemia and how rapid the increase has been. Slightly increased levels of calcium or slowly rising levels may be associated with mild or no symptoms. The clinical symptoms associated with high calcium include CNS: forgetfulness or mild to severe cognitive dysfunction; gastrointestinal tract: abdominal pain, constipation, nausea and vomiting; urogenital tract: frequent urination, increased thirst, kidney stones; musculoskeletal system: joint and muscle pain, and fatigue. Due to symptoms being mostly vague, and could be caused by other conditions, including mental disorders, the use of standardized measurements, including plasma calcium levels, are essential when treating patients. Further, elevated plasma PTH levels have shown to be associated with higher risk for cardiovascular mortality, presence and severity of depression in elderly (Hagström et al. 2009; Hoogendijk et al. 2008).
To facilitate the safe use of lithium and to prevent clinicians from avoiding using lithium when clinically indicated due to uncertainties about how to practically manage side-effects, clinical guidelines for treatment management are needed (Tondo et al. 2019).
In the present paper, we provide an overview of the homeostasis of the calcium levels relevant to lithium treatment and propose a step-by-step algorithm to guide clinicians on the initial management of emergent hypercalcemia in patients during lithium treatment.
Prevalence of Calcium and PTH disturbances in lithium-treated patients
A systematic review and meta-analysis found that average levels of calcium and PTH in patients treated with lithium are increased by 10% compared to controls (McKnight et al. 2012). Patients exposed to lithium have an increased risk of developing hypercalcemia (OR 13.45; 95% CI 3.09, 58.55; p < 0.001) compared to non-exposed (Meehan et al. 2018). Albert et al. (2013) found a relatively high proportion of lithium-treated patients with elevated PTH (8,6%) and calcium levels (24,1%) (Albert et al. 2013), while Meehan et al. (2015) reported a higher prevalence of hyperparathyroidism (18%) in patients exposed to lithium (Meehan et al. 2015). For comparison, the prevalence of primary hyperparathyroidism in the general population has been between 0.78% and 1.07% across Latin-America, United States and Europe (Khan et al. 2017). Further, the incidence of primary hyperparathyroidism in the general population has been increasing in the recent decades (Abood & Vestergaard 2013), and differences exist between developed and developing countries regarding prevalence, incidence, and clinical presentation (Yadav et al. 2020). Primary hyperparathyroidism is also predominantly seen in women with a ratio of as much as 3:1 over men (Vestergaard & Mosekilde 2003). Especially in women after menopause, the difference becomes more apparent, and the increase seen in primary hyperparathyroidism in recent decades have mainly been seen among women (Abood & Vestergaard 2013). Whether this is by chance or stems from physiological differences such as the fact that the decline in estrogen levels following menopause may increase the calcium loss from the skeleton putting strain on the parathyroid glands to increase PTH to counter this remains elusive.
At the moment little is known on the effects of sex regarding calcium disturbances and lithium, However, from available evidence, it seems that the majority of patients with lithium induced hyperparathyroidism are women (Meehan et al. 2020). However, it remains unclear if this is the result of the fact that more women than men may receive treatment with lithium for say depression or is a consequence of the mechanisms mentioned above.
Overview of calcium and PTH homeostasis
Figure 1 shows the basics of the calcium homeostasis. Most of the calcium in the body is concentrated in the skeleton (> 99%), while small amounts are present in the blood (Vestergaard 2015).[image: ]
Fig. 1The basics of calcium homeostasis. Mg/d milligram per day, PTH Parathyroid hormone, ECV extracellular volume


Parathyroid hormone (PTH) is secreted from the four parathyroid glands located behind the thyroid gland in the lower neck and increases plasma calcium directly by increasing the efflux from the skeleton and the reabsorption of calcium from the urine (thus decreasing the loss), as well as indirectly through increasing the activation of vitamin D. Vitamin D is ingested with food or formed in the skin during exposure to sunlight. Vitamin D increases the absorption of calcium in the intestine and decreases its loss in the urine. Calcium is also absorbed passively in the intestine from ingestion.
PTH secretion is regulated by the calcium sensing receptor (CaSR), which responds to an increase in plasma calcium levels by decreasing PTH, whereas a decrease in plasma calcium levels triggers an increase in PTH levels under normal circumstances.
Thus, the system is rather complex and changes in one component may thus not always lead to changes in other parts of the system due to compensatory mechanisms and counter-regulations as described in more detail below.
Hypercalcemia may be divided into: Hypercalcemia with increased PTH (i.e. PTH above normal range) and hypercalcemia with decreased PTH (i.e. PTH below normal range).
Hypercalcemia with increased PTH stems from primary or tertiary hyperparathyroidism. Lithium increases PTH most often associated with hyperplasia of all four parathyroid glands. Lithium associated hyperparathyroidism may differ in several ways from primary hyperparathyroidism (Berger et al. 2013; Mak et al. 1998; Meehan et al. 2020). Some of these differences may also account for the potential bone-protective properties of lithium (Köhler-Forsberg et al. 2022).
There are a number of causes for hypercalcemia with decreased PTH including malignancies, over intoxication with calcium and vitamin D or vitamin V to sarcoidosis, etc. For a comprehensive list please see Etiology of hypercalcemia—UpToDate (Shane et al. n.d., https://​www.​uptodate.​com/​contents/​etiology-of-hypercalcemia).
Interaction between lithium and calcium homeostasis
Ionized lithium (Li+) resembles ionized calcium (Ca + +) and acts as a calcilytic by antagonizing the CaSR (Nemeth 2002). In this way, the CaSR senses the plasma calcium level as potentially being too low, and PTH secretion is increased, subsequently leading to an increased efflux of calcium from the skeleton, an increased reabsorption in the kidneys and an increased calcium absorption in the intestine. However, this sequence may be counterbalanced by other parts of the system such as calcium intake, vitamin D level, PTH receptor sensitivity, vitamin D receptor sensitivity, physical activity, and kidney function. If the PTH levels increase as a result of chronic lithium exposure, usually, all four parathyroid glands develop hyperplasia over a period of years (Vestergaard et al. 2000). However, the increase in size and activity may be unevenly distributed with one or more glands dominating. This increase in size and function may lead to autonomous secretion of PTH no longer responsive to plasma calcium changes.
The main cause of increased calcium in lithium-treated patients is therefore typically associated with hyperplasia of all four parathyroids. This contrast with primary hyperparathyroidism (Walker & Silverberg 2018), which is most often (90% or more) caused by an adenoma of only one of the four parathyroid glands (Vestergaard et al. 2000) and has consequences for the management of primary hyperparathyroidism in lithium-treated patients. In patients with an adenoma, if surgical treatment is indicated, usually only the affected parathyroid gland needs to be removed and the remaining can easily restore normal calcium metabolism. However, in patients with hyperplasia affecting all four parathyroid glands, surgically removing either all four or three glands plus parts of the fourth may result in significant symptomatic hypoparathyroidism (Bilezikian et al. 2014).
Little is known on predictors of disturbances in calcium metabolism with lithium over time. Some patients develop early disturbances and in some these may regress, whereas others may not develop disturbances in calcium metabolism despite lengthy lithium treatment. Due to the complex nature of the calcium metabolism, differences in the various components and receptors and vitamin D status may all either help to maintain the equilibrium as seen in most patients or may not be able to maintain the equilibrium.
Clinical practice guidelines on monitoring calcium and PTH in lithium-treated patients
Several authors (Gitlin 2016; McKnight et al. 2012; Shapiro & Davis 2015) and clinical practice guidelines recommend calcium monitoring during lithium treatment, more specifically assessment at baseline and at 6 and 12 months and then yearly, or more frequently if clinical symptoms such as polyuria, polydipsia, constipation, or fatigue are reported (Malhi et al. 2017). Data on monitoring practices among health care professionals from 24 countries generally showed compliance with practice guidelines, revealing that 80% of respondents assess plasma calcium levels before the start of lithium. However, during the maintenance phase, 16% of health professionals did not monitor plasma calcium levels, with 68% having assessed plasma calcium levels 1–3 times, and 16% having assessed the levels ≥ 4 times (Nederlof et al. 2018).
Broome and Solorzano recommended determining lithium levels in case of confirmed concurrent elevations of plasma levels of PTH and calcium to rule out acute lithium intoxication as an etiological factor. In the absence of clinical symptoms and with only mildly elevated calcium levels, they recommended monitoring calcium levels at an interval of 6 to 12 months and continuing lithium treatment (Broome & Solorzano 2011).
Lehmann and Lee (2013) recommended monitoring calcium levels more frequently and observing for clinical symptoms in cases of mild asymptomatic hypercalcemia and absence of PTH level elevation while continuing lithium therapy. Furthermore, in severe cases with elevated plasma levels of both PTH and calcium, they recommended consultation with and eventually referral to an endocrinologist (Lehmann & Lee 2013).
A decision regarding continuation of lithium treatment, as for other interventions, should always be weighted between side-effects, patient and clinician’s opinion and severity of the disorder, effect of the treatment and previous treatments (Luby & Singareddy 2003). Although evidence is lacking, lithium dose reduction may be an easy initial strategy in order to attempt preventing further progression of the alterations of calcium and PTH levels, unless clinically contraindicated. In cases where changes in calcium or PTH levels are observed, discontinuation or continuation of lithium should be discussed between patient and the psychiatrist with the possible opinion of an endocrinologist describing possible long-term effects of increased calcium and PTH.
Hypercalcemia management algorithm
A standardized plan across clinical practices for the early management of abnormalities of calcium and PTH plasma levels is lacking. This situation led to the following algorithm being developed in collaboration with specialists trained in psychiatry and endocrinology (Fig. 2).[image: ]
Fig. 2Hypercalcemia management algorithm (*albumin-corrected plasma calcium levels)


Rationales behind the decision tree
The rationale behind the decision tree is to provide an easy and hopefully intuitive path to reach a comprehensive diagnosis and management of lithium-treated patients with evidence of abnormal calcium metabolism.
Step one is the assessment of hypercalcemia measuring calcium in plasma as either level of total plasma calcium level, plasma albumin adjusted calcium level or ionized plasma calcium level (the latter measured as the value at the actual pH-value or at a standardized pH of 7.40). If the plasma calcium level is very high, this may be dangerous for the patient and in accordance with recommendations from the American Society for Bone and Mineral Research (Bilezikian et al. 2014) we suggest a cut-off for immediate consultation with the department of endocrinology or a calcium metabolic specialist at 2.80 mmol/l for total and albumin adjusted calcium levels and at 1.45 mmol/l for ionized calcium levels.
The following is a short overview of the most common possible causes of hypercalcemia to provide the setting for the decision tree. Increased plasma calcium levels may be the result of high ingestion of calcium as supplements which need to be paused in case of hypercalcemia. Vitamin D supplements, either as native cholecalciferol or ergocalciferol or activated vitamin D such as calcitriol or calcifediol may also explain the high calcium level and should likewise be paused; however, pausing activated vitamin D such as calcifediol and calcitriol should only be performed after consulting an endocrinologist. Over-the-counter cholecalciferol and ergocalciferol rarely cause hypercalcemia. Treatment with thiazides should also be discussed with a nephrologist since these may decrease calcium excretion in the urine and lead to increase in calcium levels. As it may take some time for a new equilibrium to establish, a new measurement should usually be performed after two weeks.
To ensure correct handling of blood samples and measuring of plasma calcium, measurement at a hospital or other reliable laboratory is recommended as compared to blood samples at the general practitioner, if possible.
If PTH and calcium are both high, this is indicative of primary or tertiary hyperparathyroidism. This is often a stable condition, i.e., plasma calcium stays at the same level and does not increase presenting no immediate risk to the patient. To establish the diagnosis at least two measurements of PTH and plasma calcium are needed. If PTH and calcium are increased at both measurements a primary hyperparathyroidism is likely and an endocrinologist should be consulted. Further examinations initiated by the endocrinologist may include measurements of bone density with a bone scan (DXA) to check if calcium loss from the skeleton has resulted in osteoporosis and to establish if parathyroid surgery may be indicated. Of note, however, a recent Danish registry-based retrospective cohort study showed that while the risk of osteoporosis was higher in patients with bipolar disorder, this risk was decreased in patients treated with lithium compared to those not receiving lithium (Köhler-Forsberg et al. 2022). Further, renal imaging may be indicated to assess for nephrocalcinosis or kidney stones, which may also present with an indication for parathyroid surgery. Parathyroid surgery may be performed as minimal invasive surgery if one gland is affected, which is determined by ultrasound and supplemental sestamibi scintigraphy or other imaging modality. If more than one gland is affected, surgery may be more extensive.
If plasma calcium normalizes, but PTH is increased, this suggests secondary hyperparathyroidism. This may be the result of vitamin D deficiency, reduced kidney function (as indicated by increased serum creatinine) or several other conditions such as secondary hyperparathyroidism resulting from treatment with lithium or treatment with antiresorptive drugs for osteoporosis (bisphosphonates, denosumab etc.), from use of estrogen or estrogen/progestin replacement therapy in women, obesity, or low ingestion of calcium in the diet. A detailed description covering this topic is beyond the scope of this paper. Routine screening for abnormalities in PTH levels are not indicated if plasma calcium is normal or in cases where vitamin D is low or kidney function is reduced. This is due to the large individual variations in PTH levels and sensitivity on the vitamin D receptor, calcium sensing receptor and PTH receptor and the low diagnostic yield.
If PTH is normal in case of abnormal plasma calcium, this may reflect measurement problems such as sampling errors when blood is collected or acid–base disturbances. In the presence of alkalosis in e.g., patients with chronic obstructive pulmonary disease (COPD), plasma calcium may be increased as follows from the Henderson-Hasselbalch equation, and vice versa in acidosis (e.g., reduced kidney function may result in low plasma calcium). In these cases, the condition is not acute and new measurements can be made after one month. Repeated measures are justified by random fluctuation in early primary hyperparathyroidism where plasma calcium may normalize temporarily but is captured on reassessment. Thus, our recommendation is re-evaluation after six months.
A low PTH may be indicative of underlying malignancy or vitamin D intoxication, high ingestion of calcium supplements or sarcoidosis. Malignancies may lead to hypercalcemia through efflux of calcium from the skeleton either through bone metastases (often lung or breast cancer) or through the production of substances that may mimic PTH (PTHrP), often seen in hematological malignancies such as multiple myeloma or lymphomas. Moreover, production of activated vitamin D may be associated with lymphomas and sarcoidosis (Bilezikian et al. 2018; Donovan et al. 2015). In all these cases, swift action may be required, and re-measurements need to be assessed within a week.
Some combinations of plasma calcium and PTH levels have not been covered in the above mentioned as they rarely occur and likely need consultation with an endocrinologist.
Conclusions
Abnormalities in plasma calcium and PTH levels homeostasis are frequently seen in patients treated with lithium, but a standardized and practical approach guiding clinicians on how to monitor and manage the abnormalities and their causes in the psychiatric setting are hitherto lacking. Here we present an evidence-based consensus driven management algorithm intended to provide a helpful tool for clinicians monitoring long-term lithium treatment. Besides assuring the detection and proper handling of relevant calcium abnormalities, the algorithm will likely diminish the potential risk of premature discontinuation of lithium treatment in patients who benefit from lithium, due to treatment emergent hypercalcemia. Finally, the algorithm may reduce the risk of clinicians avoiding the use of lithium in patients who would otherwise benefit due to uncertainties about management of this potential often treatable side effect.
Author contributions
ZK, PV and REN wrote the main manuscript text in draft. PR prepared the figure. All authors revised the initial draft, reviewed the manuscript, and approved submission.

Funding
All authors are employed at their affiliations, i.e., their wages cover their work in connection with this study.

Availability of data and materials
All data are published.

Declarations
Ethics approval and consent to participate
Review article, i.e., not applicable.

Consent for publication
All authors have agreed to publish the final version of the article. The study does not include any patients, i.e., no patient consent is required.

Competing interests
ZK has nothing to declare. PV has nothing to declare. RWL has within the last three years received speaker fees from Lundbeck, Janssen-Cilag and Teva, and fees from Janssen-Cilag for advisory board activity. SS has within the last three years received speakers fees from Lundbeck. ASH has nothing to declare. AY independent research is funded by the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre at South London and Maudsley NHS Foundation Trust and King's College London. The views expressed are those of the author(s) and not necessarily those of the NIHR or the Department of Health and Social Care. AD has nothing to declare. BMO has nothing to declare. FS has received speaking fees for Janssen-Cilag, Aristo, Lundbeck, Servier and has acted as advisor to Janssen-Cilag and Lundbeck. GS has nothing to delclare. JR has nothing to declare. JP has nothing to declare. LVK has the last three years been a consultant for Lundbeck and Teva. LT has nothing to declare. MA has nothing to declare. MM has nothing to declare. PG has nothing to declare. PR has nothing to declare. TH has nothing to declare. UL has received research grants from BMBF, AFSP, BMG, ulinsky Foundation, Janssen-Cilag; honoraria for lecturing from Janssen-Cilag; honoraria for advisory board activity from Janssen-Cilag. VB has nothing to declare. MB has received research grants from Deutsche Forschungsgemeinschaft (DFG), Bundesministerium für Bildung und Forschung (BMBF), and European Commission. He has received honoraria for lecturing from Aristo, Janssen-Cilag, Janssen Pharmaceutica NV, and Servier Deutschland. He has served as a consultant for Biogen, GH Research, Janssen-Cilag, Livanova, Novartis, and Sunovion. REN has within the last three years been an investigator for Compass Pharmaceuticals, Janssen-Cilag, Sage and Boehringer-Ingelheim for clinical trials, has received speaking fees from Lundbeck, Teva Pharmaceuticals, Janssen-Cilag and Otsuka Pharmaceuticals, and has acted as advisor to Lundbeck and Janssen-Cilag.


[image: Creative Commons]Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
	Abood A, Vestergaard P. Increasing incidence of primary hyperparathyroidism in Denmark. Dan Med J. 2013;60(2):A4567.

	Albert U, de Cori D, Aguglia A, Barbaro F, Lanfranco F, Bogetto F, Maina G. Lithium-associated hyperparathyroidism and hypercalcaemia: a case-control cross-sectional study. J Affect Disord. 2013;151(2):786–90. https://​doi.​org/​10.​1016/​j.​jad.​2013.​06.​046.Crossref

	Berger M, Riedel M, Tomova N, Obermeier M, Seemüller F, Dittmann S, Moeller HJ, Severus E. Do current screening recommendations allow for early detection of lithium-induced hyperparathyroidism in patients with bipolar disorder? Int J Bipolar Disord. 2013;1(1):1–8. https://​doi.​org/​10.​1186/​2194-7511-1-7.Crossref

	Bilezikian JP, Brandi ML, Eastell R, Silverberg SJ, Udelsman R, Marcocci C, Potts JT. Guidelines for the management of asymptomatic primary hyperparathyroidism: summary statement from the fourth international workshop. J Clin Endocrinol Metab. 2014;99(10):3561–9. https://​doi.​org/​10.​1210/​jc.​2014-1413.Crossref

	JP Bilezikian R Bouillon T Clemens J Compston DC Bauer PR Ebeling K Engelke D Goltzman T Guise SM Jan De Beur H Jüppner K Lyons L McCauley MR McClung PD Miller SE Papapoulos GD Roodman CJ Rosen E Seeman M Zaidi 2018 Primer on the metabolic bone diseases and disorders of mineral metabolism. Wiley. https://​doi.​org/​10.​1002/​9781119266594

	Broome JT, Solorzano CC. Lithium use and primary hyperparathyroidism. Endocr Pract. 2011. https://​doi.​org/​10.​4158/​EP10273.​RA.Crossref

	Donovan PJ, Achong N, Griffin K, Galligan J, Pretorius CJ, McLeod DSA. PTHrP-mediated hypercalcemia: causes and survival in 138 patients. J Clin Endocrinol Metab. 2015;100(5):2024–9. https://​doi.​org/​10.​1210/​jc.​2014-4250.Crossref

	Gitlin M. Lithium side effects and toxicity: prevalence and management strategies. Int J Bipolar Disord. 2016;4(1):27. https://​doi.​org/​10.​1186/​s40345-016-0068-y.Crossref

	Hagström E, Hellman P, Larsson TE, Ingelsson E, Berglund L, Sundström J, Melhus H, Held C, Lind L, Michaëlsson K, Ärnlöv J. Plasma parathyroid hormone and the risk of cardiovascular mortality in the community. Circulation. 2009;119(21):2765–71. https://​doi.​org/​10.​1161/​CIRCULATIONAHA.​108.​808733.Crossref

	Hoogendijk WJG, Lips P, Dik MG, Deeg DJH, Beekman ATF, Penninx BWJH. Depression is associated with decreased 25-hydroxyvitamin D and increased parathyroid hormone levels in older adults. Arch Gen Psychiatry. 2008;65(5):508–12. https://​doi.​org/​10.​1001/​archpsyc.​65.​5.​508.Crossref

	Katz IR, Rogers MP, Lew R, Thwin SS, Doros G, Ahearn E, Ostacher MJ, DeLisi LE, Smith EG, Ringer RJ, Ferguson R, Hoffman B, Kaufman JS, Paik JM, Conrad CH, Holmberg EF, Boney TY, Huang GD, Liang MH, Yurgelun-Todd D. Lithium treatment in the prevention of repeat suicide-related outcomes in veterans with major depression or bipolar disorder: a randomized clinical trial. JAMA Psychiat. 2022;79(1):24–32. https://​doi.​org/​10.​1001/​JAMAPSYCHIATRY.​2021.​3170.Crossref

	Khan AA, Hanley DA, Rizzoli R, Bollerslev J, Young JE, Rejnmark L, Thakker R, D’amour P, Paul T, Van Uum S, Shrayyef MZ. Primary hyperparathyroidism review and recommendations on evaluation, diagnosis, and management. A Canadian and international consensus. Osteoporo Int. 2017. https://​doi.​org/​10.​1007/​s00198-016-3716-2.Crossref

	Köhler-Forsberg O, Rohde C, Nierenberg AA, Østergaard SD. Association of Lithium treatment with the risk of osteoporosis in patients with bipolar disorder. JAMA Psychiat. 2022;79(5):454–63. https://​doi.​org/​10.​1001/​jamapsychiatry.​2022.​0337.Crossref

	Lehmann SW, Lee J. Lithium-associated hypercalcemia and hyperparathyroidism in the elderly What do we know? J Affect Disord. 2013. https://​doi.​org/​10.​1016/​j.​jad.​2012.​08.​028.Crossref

	Lewitzka U, Severus E, Bauer R, Ritter P, Müller-Oerlinghausen B, Bauer M. The suicide prevention effect of lithium: more than 20 years of evidence—a narrative review. Int J Bipolar Disord. 2015. https://​doi.​org/​10.​1186/​s40345-015-0032-2.Crossref

	Licht RW. Lithium: still a major option in the management of bipolar disorder. CNS Neurosci Ther. 2012;18(3):219–26. https://​doi.​org/​10.​1111/​j.​1755-5949.​2011.​00260.​x.Crossref

	Luby ED, Singareddy RK. Long-term therapy with lithium in a private practice clinic: a naturalistic study. Bipolar Disord. 2003;5(1):62–8. https://​doi.​org/​10.​1034/​j.​1399-5618.​2003.​01206.​x.Crossref

	Mak TWL, Shek C-C, Chow C-C, Wing Y-K, Lee S. Effects of lithium therapy on bone mineral metabolism: a two-year prospective longitudinal study. J Clin Endocrinol Metab. 1998;83(11):3857–9. https://​doi.​org/​10.​1210/​JCEM.​83.​11.​5269.Crossref

	Malhi GS, Gessler D, Outhred T. The use of lithium for the treatment of bipolar disorder: Recommendations from clinical practice guidelines. J Affect Disord. 2017;217:266–80. https://​doi.​org/​10.​1016/​j.​jad.​2017.​03.​052.Crossref

	Malhi GS, Bell E, Hamilton A, Morris G, Gitlin M. Lithium mythology. Bipolar Disord. 2021. https://​doi.​org/​10.​1111/​bdi.​13043.Crossref

	Manchia M, Sani G, Alda M. Suicide risk and Lithium. JAMA Psychiatry. 2022;79(5):513–513. https://​doi.​org/​10.​1001/​JAMAPSYCHIATRY.​2022.​0081.Crossref

	McKnight RF, Adida M, Budge K, Stockton S, Goodwin GM, Geddes JR. Lithium toxicity profile: a systematic review and meta-analysis. Lancet. 2012;379(9817):721–8. https://​doi.​org/​10.​1016/​S0140-6736(11)61516-X.Crossref

	Meehan AD, Humble MB, Yazarloo P, Järhult J, Wallin G. The prevalence of lithium-associated hyperparathyroidism in a large Swedish population attending psychiatric outpatient units. J Clin Psychopharmacol. 2015;35(3):279–85. https://​doi.​org/​10.​1097/​JCP.​0000000000000303​.Crossref

	Meehan AD, Udumyan R, Kardell M, Landén M, Järhult J, Wallin G. Lithium-associated hypercalcemia: pathophysiology, prevalence. World J Surg. 2018;42(2):415–24. https://​doi.​org/​10.​1007/​s00268-017-4328-5.Crossref

	Meehan AD, Wallin G, Järhult J. Characterization of calcium homeostasis in lithium-treated patients reveals both hypercalcaemia and hypocalcaemia. World J Surg. 2020;44(2):517–25. https://​doi.​org/​10.​1007/​S00268-019-05195-5/​TABLES/​3.Crossref

	Nederlof M, Heerdink ER, Egberts AC, Wilting I, Stoker LJ, Hoekstra R, Kupka RW. Monitoring of patients treated with lithium for bipolar disorder an international survey. Int J Bipolar Disord. 2018. https://​doi.​org/​10.​1186/​s40345-018-0120-1.Crossref

	Nemeth EF. The search for calcium receptor antagonists (calcilytics). J Mol Endocrinol. 2002;29(1):15–21. https://​doi.​org/​10.​1677/​jme.​0.​0290015.Crossref

	Shane, E., Rosen, C. J., & Mulder, J. E. (n.d.). Etiology of hypercalcemia—UpToDate. Accessed 1 Aug 2022, https://​www.​uptodate.​com/​contents/​etiology-of-hypercalcemia

	Shapiro HI, Davis KA. Hypercalcemia and “Primary” Hyperparathyroidism During Lithium Therapy. Am J Psychiatry. 2015;172(1):12–5. https://​doi.​org/​10.​1176/​appi.​ajp.​2013.​13081057.Crossref

	Tiihonen J, Tanskanen A, Hoti F, Vattulainen P, Taipale H, Mehtälä J, Lähteenvuo M. Pharmacological treatments and risk of readmission to hospital for unipolar depression in Finland: a nationwide cohort study. Lancet Psychiatry. 2017;4(7):547–53. https://​doi.​org/​10.​1016/​S2215-0366(17)30134-7.Crossref

	Tondo L, Hennen J, Baldessarini RJ. Lower suicide risk with long-term lithium treatment in major affective illness: a meta-analysis. Acta Psychiatr Scand. 2001;104(3):163–72. https://​doi.​org/​10.​1034/​j.​1600-0447.​2001.​00464.​x.Crossref

	Tondo L, Alda M, Bauer M, Bergink V, Grof P, Hajek T, Lewitka U, Licht RW, Manchia M, Müller-Oerlinghausen B, Nielsen RE. Clinical use of lithium salts guide for users and prescribers. Int J Bipolar Disord. 2019. https://​doi.​org/​10.​1186/​s40345-019-0151-2.Crossref

	Vestergaard P. Primary Hyperparathyroidism and Nephrolithiasis. Ann D’Endocrinol. 2015;76(2):116–9. https://​doi.​org/​10.​1016/​j.​ando.​2015.​03.​002.Crossref

	Vestergaard P, Mosekilde L. Cohort study on effects of parathyroid surgery on multiple outcomes in primary hyperparathyroidism. BMJ. 2003;327(7414):530–4. https://​doi.​org/​10.​1136/​BMJ.​327.​7414.​530.Crossref

	Vestergaard P, Mollerup CL, Frøkjær VG, Christiansen P, Blichert-Toft M, Mosekilde L. Cohort study of risk of fracture before and after surgery for primary hyperparathyroidism. BMJ. 2000;321(7261):598–602. https://​doi.​org/​10.​1136/​bmj.​321.​7261.​598.Crossref

	Walker MD, Silverberg SJ. Primary hyperparathyroidism. Nat Rev Endocrinol. 2018. https://​doi.​org/​10.​1038/​nrendo.​2017.​104.Crossref

	Yadav SK, Johri G, Bichoo RA, Jha CK, Kintu-Luwaga R, Mishra SK. Primary hyperparathyroidism in developing world A systematic review on the changing clinical profile of the disease. Arch Endocrinol Metab. 2020. https://​doi.​org/​10.​2094/​2359-3997000000211.Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/40345_2022_283_Fig1_HTML.png
@ 1000 mg/d 750 mg/d in faeces






OEBPS/navigation.xhtml

    
      Contents


      
        		Lithium induced hypercalcemia: an expert opinion and management algorithm


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/cc-by.png
() _®





OEBPS/images/40345_2022_283_Fig2_HTML.png
Calcium above upper reference limit*

(If Calcium* > 2.80 mmol/l (if ionized calcium > 1.45 mmol/L), refer to department of endocrinology immediately)

!

Measure PTH and Calcium* after 2 weeks

Over-the-counter calcium and vitamin D supplements initiated by the patients themselves without recommendation from a health care
professional should be discontinued. If calcium and vitamin D are taken after a prescription cessation should only be done after
consultation with a specialist in endocrinology or nephrology.

g

S

——

PTH low

PTH normal

PTH high

!

l

l

Measure PTH and Calcium* after one
week at a reliable lab

Measure PTH and Calcium* after one
month at a reliable lab

Measure PTH and Calcium* after one
month at a reliable lab

!

If Calcium* increased, refer to department of endocrinology

Or

If Calcium* and PTH normalized, repeat Calcium* and PTH in 6 months






OEBPS/css/sidebar.gif





