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Lithium-associated hyperparathyroidism
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Lithium is a mood stabiliser widely used in the treatment and prophylaxis of mania,
Emma L Mifsud® bipolar disorders and recurrent depression. Treatment with lithium can give rise to various
Mark Gruppetta’ endocrine and metabolic abnormalities, including thyroid dysfunction, nephrogenic

diabetes insipidus and hypercalcaemia. Lithium may induce hypercalcaemia through
both acute and chronic effects. The initial acute effects are potentially reversible and
occur as a result of lithium’s action on the calcium-sensing receptor pathway and
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hyperparathyroidism in patients with a subclinical parathyroid adenoma or possibly by
initiating multiglandular hyperparathyroidism. The latter biochemical picture is identical to
that of primary hyperparathyroidism. Lithium-associated hyperparathyroidism, especially
in patients on chronic lithium therapy, is associated with increased morbidity. Hence,
regular monitoring of calcium levels in patients on lithium therapy is of paramount
importance as early recognition of lithium-associated hyperparathyroidism can improve
outcomes. This review focuses on the definition, pathophysiology, presentation,
investigations and management of lithium-associated hyperparathyroidism.
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Introduction

Lithium-induced hypercalcaemia is characterised by elevated calcium levels that occur
chronically or intermittently. This hypercalcaemia arises as a result of lithium-associated
hyperparathyroidism — an ill-defined endocrinopathy that consists of a spectrum of
biochemical abnormalities. These range from overt hyperparathyroidism to hypercalcaemia
with inappropriately normal parathyroid hormone levels and normocalcaemia with raised
parathyroid hormone levels in patients on concomitant lithium therapy. The common feature
within this spectrum is the presence of a raised or an inappropriately normal parathyroid
hormone level (Szalat et al, 2009; Dorflinger and Fuller, 2019).

Lithium-associated hyperparathyroidism cannot be diagnosed based on symptoms
and signs alone, as the underlying psychiatric illness may mask or make such presenting
complaints difficult to interpret. Hence, regular monitoring of corrected serum calcium
levels is needed for earlier detection of these cases.

This review is based upon literature found in MEDLINE (PubMed) from 1973 to June 2020.
The keywords used for the search were: ‘lithium’, ‘hypercalcaemia’ and ‘hyperparathyroidism’.
Additional literature was obtained from reference lists. This review explores and outlines
the definition and management of lithium-associated hyperparathyroidism.

Pathophysiology
Lithium induces alterations to parathyroid hormone dynamics. Lithium exerts these initial
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Lithium is a monovalent cation that acts as a weak activator of the CaSR (Szalat et al,
2009). However, patients with lithium-associated hyperparathyroidism tend to exhibit
elevated levels of parathyroid hormone and hypocalciuria — biochemical findings that
are not in keeping with CaSR activation. Several studies have also identified that lithium
interferes with the intracellular cascade of reactions brought on by activation of G-protein
coupled receptors, including CaSR. Lithium is a potent and uncompetitive inhibitor of
inositol monophosphatase which converts inositol monophosphate to inositol (Lenox and
Wang, 2003). In addition, it also inhibits inositol polyphosphatase, which converts inositol
biphosphate to inositol monophosphate (Lenox and Wang, 2003). By inhibiting these
intracellular enzymes, lithium blocks the intracellular cascade of reactions brought about
by CaSR activation. Hence, the end result is that lithium inhibits the CaSR, as the strong
and uncompetitive inhibitory effect of lithium on inositol monophosphatase outweighs its
weaker activation of the CaSR (Szalat et al, 2009).

By inhibiting the CaSR, lithium increases the set point at which the parathyroid cells
slow and stop secreting parathyroid hormone. Thus, the parathyroid cells in lithium-treated
patients have a reduced sensitivity to serum calcium levels (Haden et al, 1997).

In addition, by inhibiting the CaSR at the level of the kidney, lithium leads to increased
renal tubular calcium reabsorption irrespective of the parathyroid hormone and serum calcium
levels, leading to hypercalcaemia and hypocalciuria. This scenario is very similar to that
found in patients with familial hypocalciuric hypercalcaemia. However, many patients with
lithium-associated hyperparathyroidism also exhibit hypercalciuria and in some instances
even renal calculi, thus challenging the concept that lithium inhibits the CaSR (Szalat et al,
2009). Nonetheless, hypercalciuria may be encountered in some families with familial
hypocalciuric hypercalcaemia (Carling et al, 2000). In addition, hypercalciuria may also
signify that permanent parathyroid gland pathology may have been present or may have
occurred in patients taking chronic lithium therapy (Szalat et al, 2009).

Furthermore, lithium inhibits glycogen synthase kinase 3 (Meehan et al, 2018), which is
responsible for inhibition of parathyroid hormone gene transcription. Hence, by inhibiting
glycogen synthase kinase 3, lithium allows overproduction of parathyroid hormone
(Ballehaninna et al, 2011).

Apart from the above acute effects of lithium therapy on the parathyroid chief cells and
thick ascending limb of the loop of Henle, chronic lithium therapy may lead to increased
parathyroid mass (Mallette et al, 1989). This may result from hyperplastic or adenomatous
change caused by chronic lithium exposure. This leads to chronic and persistent effects that
are identical to primary hyperparathyroidism, which become independent of the presence or
absence of lithium (McHenry and Lee, 1996). The latter effects can lead to serious end-organ
damage just like that seen in primary hyperparathyroidism (McHenry and Lee, 1996).

The type and extent of glandular pathology as a result of lithium therapy is a subject of
debate — is it a uniglandular disease or a multiple gland disease? Uniglandular disease is
defined by the presence of abnormal growth in only one parathyroid gland, with the three
remaining glands uninvolved. Multiple gland disease refers to cases where abnormal growth
occurs in more than one parathyroid gland. Most commonly this involves parathyroid
hyperplasia, and to a lesser extent multiple adenomas. The concept of multiple adenomas
is also controversial as some studies suggest that multiple parathyroid adenomas are a
distinct entity, while others propose that they represent a form of asynchronous four-gland
hyperplasia (Ghandur-Mnaymneh and Kimura, 1984; Barczynski et al, 2015).

Lithium may unmask frank hyperparathyroidism in a subset of patients with an underlying
subclinical parathyroid adenoma (Blackburn and Diamond, 2007). A study by Saxe and
Gibson (1991) revealed that lithium in therapeutic doses increased tritiated thymidine
incorporation into adenoma cells. The tritiated thymidine incorporation serves as a measure
of DNA synthesis, implying that lithium serves as a mitogen for human parathyroid adenoma
formation and could promote or accelerate hyperparathyroidism.

However, lithium-associated hyperparathyroidism may also be associated with double
adenomas and parathyroid hyperplasia (Awad et al, 2003; Aksakal et al, 2015). Most studies
suggest that there is a higher prevalence of multiple gland disease in patients with lithium-
associated hyperparathyroidism than in those with idiopathic sporadic hyperparathyroidism
(Dwight et al, 2002; Hundley et al, 2005; Marti et al, 2012). Furthermore, Dwight et al
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Table 1. Parathyroid gland pathology in patients on lithium therapy

Findings References

Single parathyroid adenoma Garfinkel et al (1973), Ananth and Dubin (1983), Abdullah et
al (1999), Awad et al (2003), Shen et al (2007), Carchman et
al (2008), Pamathy et al (2018)

Multiple gland disease Nordenstrom et al (1992), Wolf et al (1997), Dieserud et al
(2001), Dwight et al (2002), Hundley et al (2005), Rizwan
and Perrier (2009), Szalat et al (2009), Jarhult et al (2010),
Marti et al (2012), Norlén et al (2014)

(2002) support the hypothesis that lithium may initiate multiglandular hyperparathyroidism.
Moreover, Skandarajah et al (2011) also suggest that lithium-associated hyperparathyroidism
is predominantly a multiglandular disease, characterised by asymmetrical hyperplasia.
Table 1 summarises the findings of published literature on parathyroid gland pathology
in patients on lithium therapy.

Interestingly, a study by Nordenstrom et al (1992) revealed that the median duration of
lithium therapy for patients with hyperparathyroidism secondary to a parathyroid adenoma
was 3 years. On the other hand, patients with hyperparathyroidism secondary to parathyroid
hyperplasia had a median duration of 13 years of lithium therapy. These results indicate
that parathyroid hyperplasia or multiple gland disease may be induced by chronic exposure
to lithium therapy (Nordenstrom et al, 1992). Hence, this observation highlights the fact
that lithium-treated patients with an underlying parathyroid adenoma may present with
hyperparathyroidism earlier than those with multiple gland disease.

Symptoms and signs

Most patients with lithium-associated hyperparathyroidism tend to have mild hypercalcaemia
and are usually asymptomatic (Khandwala and Van Uum, 2006).

Another study by Nordenstrom et al (1994) concluded that most of the patients treated
with chronic lithium therapy who had biochemical hyperparathyroidism did not exhibit
clinical signs of primary hyperparathyroidism and had no evidence of reduced bone
mineral density. A 2-year study on the effect of lithium therapy on bone mineral density
also revealed that despite elevated levels of parathyroid hormone, the study population
exhibited reduced bone resorption (Mak et al, 1998).

It is interesting to note that patients with normocalcaemic primary hyperparathyroidism
appear to have increased bone resorption with osteopenia and osteoporosis and increased
fracture risk (Diaz-Soto et al, 2012). Hence, the latter finding is the opposite to the former
two studies with lithium-associated normocalcaemic hyperparathyroidism. This suggests
that lithium therapy might actually preserve bone mass. In fact, a study by Zamani et al
(2009) found that there is a lower bone turnover state in patients receiving lithium therapy.

Other studies suggest that lithium-associated hyperparathyroidism is associated with
reduced bone mineral density and increased fracture risk (Albert et al, 2015; Hanna et al,
2019). Thus there is conflicting evidence on the matter and further studies are required.

Thus the presence of symptoms is not typical in patients with lithium-associated
hyperparathyroidism. Symptoms may highlight the presence of serious end-organ damage
from hyperparathyroidism, either from underlying subclinical parathyroid gland pathology
unmasked by lithium or as a result of parathyroid gland pathology secondary to chronic
lithium stimulation (McHenry and Lee, 1996). Physicians should have a low threshold
for serum calcium level assessment in patients who complain of loin to groin pain,
haematuria, generalised aches and pains, constipation, polyuria and polydipsia or worsening
neuropsychiatric symptoms.

Investigations and diagnosis

Patients on lithium therapy who present with hypercalcaemia should first have their
hypercalcaemia confirmed by repeating serum calcium and albumin measurements.
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Hypercalcaemia is confirmed when corrected serum calcium levels are repeatedly and
persistently elevated. These patients should be assessed for any symptoms and signs of
hypercalcaemia and have their previous and current drug history thoroughly evaluated.
The following investigations should also be performed to establish the aetiology of the
hypercalcaemia:

Parathyroid hormone

Parathyroid hormone-related protein

Serum creatinine

1,25-dihydroxyvitamin D

25-hydroxyvitamin D

24-hour urine creatinine and calcium

Serum magnesium

Serum phosphate.

Lithium-associated hyperparathyroidism consists of a spectrum of biochemical
abnormalities ranging from overt hyperparathyroidism, hypercalcaemia with inappropriately
normal parathyroid hormone levels and normocalcaemia with raised parathyroid hormone
levels in patients on concomitant lithium therapy. Hence, it is characterised by the presence
of a raised or inappropriately normal parathyroid hormone level. Additional findings
include a low parathyroid hormone-related protein level, normo- or hypermagnesaemia,
normophosphataemia and hypocalciuria in the absence of any other cause. The differential
diagnosis for the above mentioned findings include hypovitaminosis D, familial hypocalciuric
hypercalcaemia, thiazide-associated hypercalcaemia and primary hyperparathyroidism
with concomitant hypovitaminosis D (Griebeler et al, 2016).

However, as mentioned, there are instances where there is hypercalciuria in lithium-
associated hyperparathyroidism (especially in patients on chronic lithium therapy with
underlying or induced parathyroid gland pathology). In this case, the differential diagnoses
include sporadic primary hyperparathyroidism (Afzal and Kathuria, 2020).

Management

Achieving normocalcaemia in patients with lithium-associated hyperparathyroidism
may be challenging. There is a lack of clear guidance with regards to the management
of lithium-associated hyperparathyroidism, and medical and surgical approaches have
been used to manage it. In most reported cases, surgery is the mainstay of treatment for
lithium-associated hyperparathyroidism (Nordenstrom et al, 1994; Awad et al, 2003;
Hundley et al, 2005; Carchman et al, 2008; Szalat et al, 2009; Jarhult et al, 2010).
Demographic trends in cases of lithium-associated hyperparathyroidism are similar to
those seen in cases of primary hyperparathyroidism. Thus, the guidelines for managing
primary hyperparathyroidism provide a framework for the management of lithium-
associated hyperparathyroidism (Shapiro and Davis, 2015). Nonetheless, lithium-associated
hyperparathyroidism remains a separate entity with additional management considerations
such as discontinuation of lithium therapy. Hence, management decisions should be based on
the patient’s symptoms, medical and psychiatric history, and corrected serum calcium levels.
Patients who are asymptomatic and have a corrected serum calcium level of <2.85 mmol/
litre should ideally have their lithium therapy discontinued and undergo vigilant surveillance.
The decision to withdraw lithium therapy should be made after discussion with the patient’s
psychiatrist (Albert et al, 2014). In some patients the discontinuation of lithium may be enough
to achieve normocalcaemia (McHenry and Lee, 1996; Khandwala and Van Uum, 2006).
The likelihood of such success depends on the duration of lithium therapy and severity of
hypercalcaemia. Discontinuation of lithium therapy has a higher rate of success in patients who
have been on lithium for a short period of time (less than 10years) (Saunders et al, 2009). A
short duration of lithium therapy has a lower chance of inducing permanent parathyroid gland
pathology, explaining the reversible hypercalcaemia sometimes seen on cessation of lithium
(Shapiro and Davis, 2015). Keeping this concept in mind, hypocalciuria may be a useful
marker of reversible hypercalcaemia in patients with lithium-associated hyperparathyroidism.
In cases where discontinuation of lithium therapy is not feasible, because of a higher rate
of relapse of the underlying psychiatric condition (Smith et al, 2007), or was not successful
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or refused (Smith et al, 2007), the use of calcimimetic therapy such as cinacalcet, may be
considered. Cinacalcet may also be an alternative to surgery, especially in patients with
mild disease or contraindications to surgery (Sloand and Shelly, 2006; Szalat et al, 2009).
Gregoor and de Jong (2007) reported a good response with cinacalcet, despite continuation
of lithium therapy. In another report, normocalcaemia was achieved in two patients with
cinacalcet with modest reduction of serum parathyroid hormone levels, with one patient
remaining on lithium (Sloand and Shelly, 2006). The use of cinacalcet was also reported
to be successful in normalising serum calcium concentrations, but with persistently high
parathyroid hormone levels, in a patient with postoperative recurrence of lithium-associated
hyperparathyroidism (Szalat et al, 2009). This is similar to another case reported by Dixon
et al (2018), where the use of cinacalcet managed to achieve normocalcaemia in a patient
with recurrence of lithium-associated hyperparathyroidism following parathyroidectomy.

Furthermore, those patients undergoing surveillance with gradually increasing serum
calcium levels or those who failed medical therapy with calcimimetic therapy should have
localisation studies performed if they are candidates for surgery.

Patients who are symptomatic or have corrected serum calcium levels >2.85 mmol/litre
should ideally have their lithium therapy stopped and undergo surgical intervention. Other
indications for surgical intervention include those of the 2014 4th International Workshop in
Asymptomatic Primary Hyperparathyroidism guidelines (summarised in Table 2) (Bilezikian
etal, 2014).

Given the high prevalence of multiple gland disease, bilateral neck exploration is advised
rather than focal neck exploration, unless there is clear evidence of a solitary parathyroid
adenoma on imaging (Nordenstrom et al, 1994; Szalat et al, 2009; Jarhult et al, 2010;
Ballehaninna et al, 2011). This is in contrast with the surgical management of patients with
primary hyperparathyroidism, where focal neck exploration is the most commonly used surgical
approach. Intraoperative parathyroid hormone monitoring also limited the extent of surgery in
some reported cases (Ballehaninna et al, 2011). Failure of intraoperative parathyroid hormone
normalisation or a decrease of less than 50% during operation leads to more extensive surgery.

In the majority of cases (67-100%), parathyroidectomy managed to achieve normocalcaemia
(Ballehaninna et al, 2011). However, surveillance is still required to identify recurrence.
Jarhult et al (2010) reported that among 71 surgically treated patients, 30 patients had
failure or recurrence of hyperparathyroidism. The management of lithium-associated
hyperparathyroidism is summarised in Figure 1.

Conclusions

Lithium therapy leads to alterations in calcium and parathyroid hormone dynamics. Lithium-
associated hyperparathyroidism is classically biochemically characterised by hypercalcaemia,
an inappropriately normal or elevated parathyroid hormone level, normophosphataemia,
normo- or hypermagnesaemia and hypocalciuria. This closely resembles the biochemical

Table 2. Indications for surgical intervention as per the 2014 4th International Workshop in

Asymptomatic Primary Hyperparathyroidism guidelines

Indications for surgical intervention Details

Hypercalcaemia

Hypercalciuria, renal function

and the presence of renal calculi

Osteoporosis

Age

From Bilezikian et al (2014)

>2.85 mmol/litre

24-hour urinary calcium of >400mg or >10mmol/24 hours

Estimated glomerular filtration rate <60 ml/min or a reduction of creatinine
clearance by >30%

Presence of renal calculi on ultrasonography, computed tomography or on
magnetic resonance imaging

A T-score of <2.5 at lumbar spine, total hip, femoral neck or distal radius

Presence of vertebral fractures on imaging modalities

<50years of age
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Figure 1. Management of lithium-associated hyperparathyroidism.

picture seen in patients with familial hypocalciuric hypercalcaemia. In patients with a short
duration of lithium therapy, the hypercalcaemia usually reverses on discontinuing lithium.
However, the hypercalcaemia may not always resolve when lithium is discontinued, especially
in patients on chronic lithium therapy. This suggests that chronic lithium therapy leads to
permanent changes in the parathyroid glands by either unmasking hyperparathyroidism
in patients with an underlying subclinical parathyroid adenoma or possibly by inducing
hyperplastic or adenomatous changes within the parathyroid glands. In the latter, patients
may exhibit hypercalciuria, nephrolithiasis and/or reduced bone mineral density, suggesting
end-organ damage as a result of the ‘primary’ hyperparathyroidism. These patients should
be managed as patients with primary hyperparathyroidism. Patients who are symptomatic
or fulfil any of the criteria of the 2014 4th International Workshop in Asymptomatic Primary
Hyperparathyroidism guidelines should be referred for surgery. Poor surgical candidates
or patients who are asymptomatic and do not fulfil the criteria, should have their calcium
levels monitored and be considered for calcimimetic therapy with cinacalcet.
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Key points

B Lithium-associated hyperparathyroidism is an ill-defined endocrinopathy
which consists of a spectrum of biochemical abnormalities ranging from overt
hyperparathyroidism, hypercalcaemia with inappropriately normal parathyroid
hormone levels and normocalcaemia with raised parathyroid hormone levels in
patients on concomitant lithium therapy.

B Lithium may induce hypercalcaemia through both acute and chronic effects.

B Lithium-associated hyperparathyroidism is classically characterised by the presence
of a raised or an inappropriately normal parathyroid hormone level, a low parathyroid
hormone-related protein level, normo- or hypermagnesaemia, normophosphataemia
and hypocalciuria in the absence of any other cause in patients on concomitant
lithium therapy.

B Chronic lithium therapy leads to permanent changes in the parathyroid glands and
in such cases patients may exhibit hypercalciuria, nephrolithiasis and/or reduced
bone mineral density, suggesting end-organ damage as a result of the ‘primary’
hyperparathyroidism.

B There is a higher prevalence of multiple gland disease in lithium-associated
hyperparathyroidism compared to idiopathic sporadic hyperparathyoidism.

B Since the demographic trends in lithium-associated hyperparathyroidism cases are
similar to those seen in cases of primary hyperparathyroidism, the guidelines for
managing primary hyperparathyroidism provide a framework for the management of
lithium-associated hyperparathyroidism.
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