
Lithium-associated hyperparathyroidism 
 



To my great-aunt Elisabeth Campbell 
(1901-1986) 

 
"Hold fast to dreams, 

for if dreams die, 
life is a broken-winged bird 

that cannot fly!" 
Langston Hughes (1902-1967) 

 



Örebro Studies in Medicine 174 
  

 
 

 
 
 

ADRIAN MEEHAN 
 
 

Lithium-associated hyperparathyroidism: 
Prevalence, Pathophysiology, Management 



© Adrian Meehan, 2018 

Title: Lithium-associated hyperparathyroidism: 
Prevalence, Pathophysiology, Management 

Publisher: Örebro University 2018 
www.oru.se/publikationer-avhandlingar 

Print: Örebro University, Repro 03/2018 

ISSN 1652-4063 
ISBN 978-91-7529-234-2 



Abstract 
Adrian Meehan (2018): Lithium-associated hyperparathyroidism: Prevalence, 
Pathophysiology, Management. Örebro Studies in Medicine 174. 

Lithium has been used in the treatment of bipolar disorder, formerly called 
manic depression, for nearly seven decades.  Lithium-associated hyperpara-
thyroidism (LHPT) is an ill-defined and less well known possible side-effect 
of chronic lithium therapy and was first described in 1973. The condition 
has been considered to be rare, though there exists conflicting evidence as to 
its prevalence, its pathophysiological background, and, if and when identi-
fied, what the appropriate medical or surgical treatment should be. The prin-
cipal aim of this thesis was to understand and more comprehensively char-
acterise this condition through studying a large patient cohort, with regards 
its prevalence, development, and additionally by providing an evaluation of 
surgical management up until now.  

In Study I a population of 423 lithium-treated out-patients (251 women, 
172 men) were recruited from Jönköping and Örebro County. We found that 
18% met the criteria for hyperparathyroidism (HPT) and that a further 21% 
had intermittent episodes of hypercalcaemia. We then examined, in Study II, 
the effects of lithium only in patients with bipolar disorder and compared 
them, firstly, to patients with bipolar disorder without lithium and, secondly, 
to a control population. In total, 563 individuals participated in the study. 
Hypercalcaemia was found to be strongly associated to lithium therapy (ad-
justed OR 13.45; 95% CI 3.09, 58.55; p=0.001). Study III is a descriptive 
study of calcium homeostasis in 297 lithium-treated patients from Jönköping 
where three main groups could be discerned: 178 were normocalcaemic 
(60%), 102 hypercalcaemic (34%), and 17 hypocalcaemic (6%). Many pa-
tients demonstrate robust fluctuations in serum calcium intermittently. Of 
those with suspected LHPT, 31% had urinary calcium excretion values be-
low 1.2 mmol/24hrs. Study IV analysed surgical results of 78 parathyroidec-
tomies in 71 patients with concurrent lithium therapy. In strong contrast to 
surgical outcomes in those with primary HPT, the overall cure-rate was 
lower (58%) and the predominant histological diagnosis was hyperplasia 
(52%). Two patients had double adenomas.   

Factors which should be particularly taken into consideration while mon-
itoring lithium-treated patients are age, gender and lithium-duration.   

Keywords: Lithium, hypercalcaemia, hyperparathyroidism, hypocalcaemia, 
hyperplasia, adenoma 

Adrian Meehan, School of Health and Medical Sciences, Örebro University, 
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Abbreviations 
ALP  Alkaline phosphatase 
ALT  Alanine transaminase 
AST  Aspartate transaminase 
AS-18  Affective disorder rating scale -18 (Swedish) 
BD  Bipolar disorder 
BMI  Body mass index 
BNE  Bilateral neck exploration 
cAMP  Cyclic adenosine monophosphate 
CaSR  Calcium-sensing receptor 
CI  Confidence interval 
DEXA  Dual energy x-ray absorptiometry 
eGFR  Estimated glomerular filtration rate 
ECG  Electrocardiography 
FHH  Familial hypocalciuric hypercalcaemia 
FRAX  Diagnostic tool to estimate bone fracture risk 
GAF  Global assessment of function 
GSK-3  Glycogen synthase kinase 
HPT  Hyperparathyroidism 
iCa  Ionised calcium 
IMPase  Inositol monophosphatase 
IOPTH  Intra-operative parathyroid hormone 
IQR  Inter-quartile range 
LHPT  Lithium-associated hyperparathyroidism 
MADR-S  Montgomery-Asberg depression scale 
Mg  Magnesium 
MGD  Multiglandular disease 
OR  Odds ratio 
pHPT  Primary hyperparathyroidism 
PTH  Parathyroid hormone 
PTX  Parathyroidectomy 
QoL  Quality of life 
SD  Standard deviation 
SF-36  Short form (36) health survey 
SGD  Single gland disease 
S-PO4  Serum phosphate 
TCa  Total calcium 
TSH  Thyroid stimulating hormone 
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VDR  Vitamin-D receptor 
1,25(OH)-2D  1,25 dihydroxyvitamin D (calcitriol) 
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Lithium-associated hyperparathyroidism 
Lithium-associated hyperparathyroidism (LHPT) is an ill-defined and some-
what indistinct endocrinopathy. Despite an ever increasing, though cur-
rently relatively limited, body of descriptive literature there remains a good 
deal of controversy as to its prevalence and pathohistological background, 
thereby leading to clear difficulties in establishing recommendations for ad-
equate management of the condition. The studies in this dissertation aimed 
at addressing these issues. Furthermore, preliminary results are provided at 
the end of the introductory section of the dissertation of our ongoing pro-
spective randomised study aimed at evaluating the efficacy of surgery 
versus controlled monitoring. 

Lithium – one of our oldest ions 
It is thought that lithium has probably existed as a separate element since 
shortly after the Big Bang and as such is one of the oldest known metals (1). 
The salutary effects of lithium have been experienced since at least the times 
of the ancient Greeks, and it is suggested that the waters at Delphi were rich 
in lithium salts and gave alleviation to those with mental disorders (2). Lith-
ium was not, however, discovered until 1800 by a young Brazilian natural-
ist, and later leading statesman, José Bonifácio de Andrada e Silva, who 
discovered two new minerals on an expedition on the island of Utö in Stock-
holm’s archipelago (3). Initially it was termed petalite but subsequently, 
when the metal was properly extracted by Johan August Arwerdson work-
ing in the laboratory of Berzelius, it was named lithium in 1817 (4). Later, 
in the nineteenth century, lithium water was bottled on an industrial scale 
and sold for the treatment of an array of ailments primarily thought to be 
caused by gout (Figure 1). Once again today, lithium-enriched waters are 
bottled and vigorously marketed1. There continues to exist an almost mysteri-
ous aura surrounding lithium based on its presumed alimental properties. 

Gout is one of the oldest conditions described in medical history (2, 3). 
The word gout derives from the Latin gutta, meaning dropping, illustrating 
the belief that pathological “droppings”, because of a surplus of uric acid, 
secreted from the blood leading to problems in the joints (5). This in turn 
was believed to give rise to a plethora of mood disorders, and even as early 

1 Santo-Li (a bottled water enriched with minerals including lithium) was the official 
sports drink of the Nordea Tour 2014. 
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as 1707 the term melancholia arthritica was derived, clearly expounding the 
strong assumption of a correlation between gout and psychiatric conditions (3). 
 
Figure 1. A typical advertisement from the nineteenth century for the sale of lithium-
enriched water extoling its ability to treat a range of conditions, including gout, and 
to lead to improved health. 

 
It must be accredited above all the English doctor Alfred Baring Garrod 

that lithium became a treatment for gout, through his widely-read treatise 
in 1859 which powerfully argued for a connection between uric acid diath-
esis and to various affective disorders (3, 6). He also ascertained that trem-
ors, dyspepsia and polyuria were side-effects of lithium usage (2). Periodic 
depression as a seeming complication to gout was claimed to be particularly 
manifest in Denmark, and it was there that the brothers Carl and Frederik 
Lange in the late 1880’s launched lithium as a prophylactic treatment for 
recurrent depression and that continual medication was important (3, 6). 
They even made observations about the efficacy of lithium in the treatment 
of mania. All these observations by and large dissipated until the father of 
modern psychopharmacology emerged onto the scene. 

John Cade & lithium – “mysterious intruder”  
John Cade, a young Australian resident psychiatrist at the Bundoora Repat-
riation Hospital in Melbourne, spent many hours observing patients with 
severe affective disorders, many of whom had been institutionalised for 
many years. He had even spent time observing fellow prisoners of war while 
imprisoned at Changi Prison 1942-1945 (7). Based on these observations 
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and the continued idea that uric acid was connected to affective dysfunction, 
Cade injected urine from manic patients into guinea pigs, but in order to 
compensate for uric acid’s limited solubility, Cade added lithium urate. He 
noticed the guinea pigs became calm. Cade was at that time unaware that 
lithium had previously been used in the treatment of mania but fully aware 
of its use for gouty conditions. He, however, applied his findings on ten 
patients with recurrent mania and six patients with dementia praecox. A 
remarkable improvement was observed in almost all patients with mania, 
so much so, that several could be discharged and return to work (3, 6, 7). 
Patients with dementia praecox did not fundamentally improve but became 
“more amenable”. Cade published his seminal work in 1949 (8)2. Sadly, 
two factors did not work in his favour. Firstly, Cade was unknown and 
published in a relatively obscure journal. Secondly, a paper published in the 
JAMA reported accounts of lithium intoxication in patients with congestive 
heart disease (9). Nevertheless, Cade’s findings did not go unnoticed, and 
lithium, or as he later called it the “mysterious intruder”, would soon gain 
wide acceptance (10). 

Figure 2. John Cade (1912-1980) was the 
first to specifically treat manic patients with 
lithium and noted lithium’s role as a mood 
stabilizer. He is regarded by many as the fa-
ther of modern psychopharmacology.  

 
 

 
 
 
 
 
 
 

 
 

                                                      
2 The Medical Journal of Australia in 2004 stated that Dr.Cade’s article was its most 
cited article during the previous period of fifty years  with nearly 900 citations 
(https://www.mja.com.au/journal/2004/181/1/jewels-crown-medical-journal-aus-
tralias-10-most-cited-articles ). It was also in this journal that Dr. Barry Marshall 
reported Helicobacter Pylori’s role in GI disease, with over 700 citations, for which 
he was later awarded the Nobel Prize in Medicine. 

https://www.mja.com.au/journal/2004/181/1/jewels-crown-medical-journal-australias-10-most-cited-articles
https://www.mja.com.au/journal/2004/181/1/jewels-crown-medical-journal-australias-10-most-cited-articles
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Mogen Schou consolidates lithium’s role 
Despite fierce scepticism in the US, the use of lithium did gain interest slowly 
but progressively, for example in England and France (6, 11). A major 
break-through was achieved with the publication in 1954 by a Danish psy-
chiatrist, Mogen Schou, in what may have been the first double-blinded, 
randomly controlled pharmacological study in psychiatry (6, 12). The rig-
orous scientific methodology employed in this study convincingly proved 
the efficacy of lithium in the treatment of manic-depressive patients and 
demonstrated lithium to be a “useful alternative” to barbiturates and elec-
troconvulsive treatment (12, 13). Schou’s research was instrumental in dis-
seminating the observations of Cade (14). Since then, lithium became and 
still is today the gold standard in the long-term management of what has 
become known as bipolar disorder (BD) (15-17), remaining the best docu-
mented treatment for BD, and multiple studies have also shown lithium to 
be an efficacious drug in the reduction of suicide behaviour (18, 19). It is of 
some significance that it took until 1970 in the US before lithium salts were 
permitted to be used in the treatment of manic depression (20). Despite the 
prodigious body of evidence supporting lithium’s long-term effects, the pre-
scribing of this drug has fallen in recent years, particularly in the US, possi-
bly because of the known side-effects, the demands of monitoring, and the 
alternatives available (21-23). 

Lithium’s side-effects – hypercalcaemia amongst others 
Bipolar Disorder describes a spectrum of affective conditions where the life-
time estimated incidence for BD-type I is 0.8% and BD-type II is 3%, 
though estimations vary widely (24-27). BD is the primary pharmaceutical 
indication for lithium, which can be used as monotherapy or in combination 
with other drugs (28). Currently in Sweden there are approximately 15,000 
individuals who medicate with lithium, though a clear clinical problem is 
that BD is underdiagnosed and many individuals receive the diagnosis after 
many years (29). Before starting with lithium, a series of tests are carried 
out, including an electrolyte status, according to international recommen-
dations (30, 31). In the last decades, the biochemical indices which have 
been monitored regularly in lithium-treated patients have primarily been 
lithium concentration, thyroid and kidney function. Interestingly, the inclu-
sion of the monitoring of calcium has only recently been added to recom-
mendations which has meant that there have existed considerable disparities 
nationally and internationally as to how parathyroid function has been 
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monitored actively (32-34). Parker et al. have underlined the “considerable 
inconsistencies” between the multiple guidelines (35).  

As mentioned above, Sir Alfred Barring Garrod noted that lithium had a 
number of side-effects, and among the most common are hand tremor 
(27%, most often transient), cognitive disturbances (28%), thyroid abnor-
malities (25%), and tubular renal dysfunction (15%)(36, 37). Some studies 
report that hypercalcaemia or hyperparathyroidism are rare adverse effects 
of lithium medication (38), whereas McKnight et al. purport the absolute 
risk to be 10% (37). 

The first publication to claim that lithium may lead to hypercalcaemia 
was written by Garfinkel et al. in 1973, illustrated through a single case 
vignette (39). However, it was a further seventeen years before this endocri-
nopathy was first described in surgical literature (40). Since then, an esti-
mated 300 cases have been described in the English literature; Appendix 1 
gives an overview of the majority of these studies and some of their most 
important findings.  

The development of hypercalcaemia 
Hypercalcaemia may arise from a multitude of various causes. The majority 
of cases are related to primary or sporadic hyperparathyroidism (pHPT) or 
malignancy (41, 42). Hypercalcaemia can be divided into two main groups: 
PTH-dependent and PTH-independent (43). Lithium affects parathyroid 
hormone (PTH) secretion and thereby causes PTH-dependent hypercalcae-
mia, whereas the use of drugs such as thiazides (not uncommon in the el-
derly) and vitamin D, as well as inflammatory conditions such as Sarcoido-
sis and malignancies, can cause PTH-independent hypercalcaemia. More-
over, a series of incremental changes occur with the development of 
chronic kidney disease, including the decrease of 1,25 dihydroxyvitamin D 
and the retention of phosphate, which in turn leads to the increased secretion 
of PTH - a condition referred to secondary hyperparathyroidism. 

PTH and 1,25-dihydroxyvitamin D (1,25(OH)2D) are the primary regu-
lators of extracellular calcium in the body (44). Serum calcium is strongly 
and very precisely regulated in humans and any changes in calcium concen-
tration are detected by calcium-sensing receptor (CaSR) in the parathyroid 
chief cells, which in turn swiftly regulate secretion of PTH (45, 46). PTH 
reacts to hypocalcaemia in three principal, separate ways: 1. increased bone 
turnover and thereby releasing calcium and phosphorus, 2. reabsorption of 
calcium from the kidneys and the elimination of phosphorus, and lastly, 3. 



16 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

increased absorption of both calcium and phosphorus from the gastrointes-
tinal canal by effecting the synthesis of 1,25(OH)2D (47). Although in clin-
ical praxis it is 25-OH-D which is monitored, it is when vitamin D is in its 
biologically active form of 1,25(OH)2D that it exerts its regulatory effects 
on calcium homeostasis via the ubiquitous vitamin D receptor (VDR). It 
does this by enhancing absorption from the gut, reducing excretion via the 
kidneys, and suppressing bone resorption (48). It is postulated that low lev-
els of vitamin D may have multiple detrimental effects, including on an in-
dividual’s psychiatric well-being (49-52). Substitution therapy with vitamin 
D rarely leads to hypercalcaemia.  

Lithium-associated hypercalcaemia – possible mechanisms  
Lithium is described as a mood stabilizer but the exact biochemical mecha-
nism of action has yet to be fully elucidated. The lithium ion is thought to 
be active particularly in signal transduction pathways and at multiple sites. 
Two main pathways of mood stabilizing action are proposed, namely, the 
inhibition of inositol monophosphatase, IMPase, (important for cell regula-
tory functions such as cell growth and apoptosis) and the inhibition of gly-
cogen synthase kinase, GSK-3 (important in the process of apoptosis) (53-
55). By inhibiting GSK-3, long-term plasticity and neurocellular protection 
and stability may be achieved. Inhibition is probably accomplished through 
lithium functioning antagonistically in the displacement of magnesium (56).  

These mechanisms may also have some bearing on lithium’s implicatory 
role in the development of hypercalcaemia. Szalat et al. (57) explains lith-
ium’s involvement in the cascade leading to the inhibition of IMPase in par-
athyroid chief cells resulting in intracellular changes in calcium levels and 
thereby PTH secretion. The classic theory is that of lithium’s interaction 
with CaSR, a widely expressed transmembrane G-protein-coupled cell sur-
face receptor, which seems to lead to a so-called right-shift or set-point ele-
vation of calcium concentrations in relation to PTH (58, 59). Chief cells 
then react as if the extracellular concentration of calcium has decreased. 
How exactly lithium interacts with CaSR is difficult to determine, as is the 
phenomenon of CaSR stimulation and subsequent PTH secretion (60). Fur-
thermore, increased direct secretion of PTH is thought to occur through the 
development of hyperplasia, occasionally adenoma (47). Hypocalciuria 
likely arises through the inhibition of renal cyclic adenosine monophosphate 
(cAMP) (61, 62).  

To summarise thus far, lithium is principally used in the treatment of BD, 
but the exact mechanism leading to mood stabilisation is not yet known. 
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Lithium may have multiple cellular roles, affecting - among other organs - 
both the parathyroid glands and kidneys, and through its interaction with 
CaSR, it is thought to induce PTH-dependent hypercalcaemia. The clinical 
consequences of hypercalcaemia, alternatively HPT, for the individual med-
icating with lithium are largely unknown.   

Single Glandular Disease vs Multiglandular Disease 
In pHPT a single adenoma explains calcium disturbances in approximately 
85% of cases, with hyperplasia in 10-15%, while parathyroid carcinoma is 
uncommon (<1%) (63). Until relatively recently, one of the histopathologi-
cal diagnostic criteria for parathyroid adenoma was the fact that the lesion 
was solitary.  Pre-operative imaging and identification of pathological par-
athyroid glands has not always proven to be sufficiently sensitive, particu-
larly in patients with mildly elevated calcium levels (63, 64). Other histo-
pathological criteria characterising adenomas include the existence of a cap-
sule, the predominance of a single cell type and the scarcity of fat cells (65). 
However, differentiating between adenoma and hyperplasia can prove a 
major challenge for the pathologist (66).  

The pathoanatomical diagnostic background to LHPT is a matter of 
some contention. Lithium, through GSK-3 inhibition, contributes to irreg-
ular Wnt/β-catenin signalling, believed to be significant for the development 
of parathyroid adenomas and hyperplasia (44). Theoretically lithium should 
exert an equal effect on all parathyroid glands (67). Carchman et al., how-
ever, states there to be no significant increased risk for multiglandular dis-
ease (MGD) in the sixteen lithium-treated patients who had undergone fo-
cused parathyroid exploration (68). Other studies indicate the continued 
predominance of SGD in cases of LHPT, though also displaying increased 
frequency of MGD in comparison to pHPT (69-73). On the other hand, 
numerous studies present higher frequencies of MGD ranging from 25-83% 
(57, 74-80) (Appendix 1). The equivocation of lithium’s particular role in 
the development of HPT is often reflected in the use of language to describe 
this endocrinopathy: lithium-associated versus lithium-induced, with the 
latter indicating a more certain relationship.  

Up until the turn of the twentieth century, LHPT was largely viewed as 
being almost indistinguishable from pHPT. Saunders et al. in a review arti-
cle summarises how LHPT was considered that, “it is not entirely under-
stood whether lithium causes hyperparathyroidism directly or somehow po-
tentiates hyperparathyroidism in patients with early parathyroid dysfunc-
tion” (59). This is also the view proposed by Szalat et al. who believe lithium 
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leads to an exacerbation in patients with a “pre-existing HPT state” (57).  
Most cases described in the literature were, as in pHPT, postmenopausal 
females. The first documented case descriptions confirmed the existence of 
adenoma, but only reported very short or no follow-up, making it difficult 
to assess curative claims (39, 71, 81, 82). As early as 1976, Dr. Tony Chris-
tensson in the Lancet suggests the routine monitoring of serum calcium dur-
ing lithium therapy, a theme that runs through all studies on this subject 
(71). This has, as yet, not fully been put into clinical practice. Another fre-
quently described phenomenon is the belief that lithium withdrawal will 
result in the normalisation of elevated calcium values (20, 40), though in 
our material we have not witnessed this in the few cases we know of where 
lithium was withdrawn because of hypercalcaemia. This may have to do 
with lithium duration.  

Clinical management of pHPT and LHPT 
If there is one classic dictum from my medical education that has stayed 
with me it is the mnemonic “stones, bones, moans and groans”, illustrating 
the traditional symptomatology of pHPT, where renal stones, bone loss, 
psychiatric disabilities (particularly in the elderly), and lastly muscular fa-
tigue have all been the hallmarks of this disease. The condition Hyperpara-
thyroidism first gained its name in 1927 from the Viennese surgeon, E. 
Gold, who understood that the parathyroid glands were overactive and, 
thereby, followed the example of his colleague, Dr. Felix Mandl, the first 
surgeon to perform a parathyroidectomy in 1925 (83). At that time, patients 
with the disease had gravely debilitating symptoms that may have resulted 
in them being bed-ridden or in need of electro-convulsive therapy! In recent 
decades, with the introduction of efficient and affordable blood tests, as 
many as 80% of patients are detected at an “asymptomatic” stage (63). The 
only cure for pHPT is surgery, and since the majority of cases are caused 
through SGD i.e. adenoma, unilateral neck exploration (UNE) or focused 
surgery with adenomectomy is most often utilised. The operation can be 
successfully performed in local anaesthesia, with most patients being dis-
charged the same day (though praxis in Sweden often allows for one night 
of observation in hospital) and up to 98% being considered cured at follow-
up (63, 84). Indications for surgery are predominantly to reduce bone loss, 
especially in younger individuals (i.e. < 50 yrs old), but good results have 
also been well-documented in older individuals, particularly with regards 
quality of life (85, 86). Primary HPT has also been proposed to be associ-
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ated with cardiovascular disease, diabetes, and the development of malig-
nant disorders (87, 88). The treatment of pHPT is, therefore, socially and 
health-economically cost-effective, and surgery seldom gives rise to compli-
cations (89). The curative results of surgery in patients with LHPT have, 
however, not been as good. 

This fact that so many studies reported MGD in patients with concurrent 
lithium therapy could have ramifications for the treatment and management 
of LHPT. Most authors support BNE (bilateral neck exploration) as an ap-
propriate surgical strategy that should be considered (72, 74, 80, 90), but 
this has not meant a unified approach to surgical outcome, with Nor-
denström et al. (80) reporting that 1-2 parathyroid glands left in situ. Avail-
able follow-up times varied from a few to 31 months, somewhat limiting 
assessment of long-term results of surgery. Surgical series are based on small 
cohorts, but that given, many authors reported persistent or recurrent dis-
ease. Awad et al. reported that 14/15 had adenomas (of these, three had 
double adenomas!) and at 2-year follow-up one person had recurrent dis-
ease (72). Interestingly, while Abdullah et al. (90) and Hundley et al. (74) 
both report cases of recurrence, they also describe a total of five cases of 
normocalcaemic hyperparathormonemia, possibly indicating a suboptimal 
first operation which progressively leads to a subclinical form of LHPT at 
latest follow-up. The predictive value of intraoperative PTH measurement 
(IOPTH) is also disputed in LHPT (74).  
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Aims of the thesis 
At the outset of the studies presented in this thesis, little was known about 
the true prevalence of hypercalcaemia, or LHPT, in patients with concurrent 
lithium therapy, considerable controversy existed as to lithium’s role in cal-
cium disturbances, and the largest surgical study examining LHPT consisted 
of 26 patients. The principal aim of this thesis was to understand and more 
comprehensively characterise, in a larger patient cohort, the condition re-
ferred to as lithium-associated hyperparathyroidism (LHPT). The studies 
presented herewith have attempted to bring new insights to an otherwise 
slightly impoverished area of medical knowledge.  
 
Paper I To calculate the prevalence of hypercalcaemia and LHPT, 

based on biochemical indices, in a well-defined population 
of lithium-treated adults attending psychiatric out-patient 
units. 

 
Paper II To determine the prevalence of hypercalcaemia in bipolar 

patients with concurrent lithium treatment and compare this 
firstly to bipolar patients without lithium treatment and sec-
ondly to a randomly selected control population. 

 
Paper III To examine in detail, through a retrospective examination 

of medical records, calcium homeostasis in a well-defined 
lithium-treated population. 

 
Paper IV To evaluate the results of surgery in a large series of patients 

with LHPT treated during a 16-year interval. 
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Patients and methods 

Patients 
The series of studies in this thesis are not presented in chronological order 
but rather in a more thematic order, which I think has a pedagogical point 
where I am aiming to describe how common the disorder is, what the patho-
logical background may be, and lastly, how best to manage those that have 
the condition. Inevitably, these themes are touched upon in all the studies. 

For Paper I, a total of 423 individuals (251 women, 172 men) with con-
current lithium therapy were recruited from Affective Psychiatric Outpa-
tient Units in Örebro County (Örebro, Lindesberg, Hallsberg; in total 247) 
and from Jönköping Municipality. They were aged between 19 and 92 years 
old (mean age 57 yrs) and had medicated with lithium on average 13.5 years 
(SD±9.5yrs). Seventy-five percent had BD as the principal diagnosis. The 
bipolar patients in this population also became the focus for our attention 
in Paper II. In total, 313 individuals (188 women, 125 men) with BD with 
lithium therapy were identified from Paper I. These individuals were com-
pared to 148 individuals (88 women, 60 women) with BD without concom-
itant lithium therapy as well as to a control population consisting 102 indi-
viduals (62 women, 40 men) without any known psychiatric diagnosis. The 
individuals in Paper III consisted of all patients in Jönköping Municipality 
who had received lithium medication for a minimum of 1.5 years. This 
meant the enrolment of 297 individuals (193 women, 104 men), with a min-
imum age of 18 years. A majority of these patients were also enrolled in 
Paper I.  

In Paper IV, seventy-one individuals (55 women, 16 men) with lithium 
therapy and who had undergone parathyroid surgery were identified 
through an inspection of surgical records at six centres in Sweden. These 
included the surgical departments at the district hospitals in Eksjö, Jönkö-
ping, and Vänersborg-Trollhättan, and even at the university hospitals in 
Gothenburg, Umeå and Stockholm.   

Definitions 
Hypercalcaemia was defined in Papers I-IV as being an average total cal-
cium TCa≥2.50 mmol/l, in accordance with national guidelines. Hy-
pocalcaemia was additionally defined as TCa<2.15 mmol/l or iCa<1.15 
mmol/l. Furthermore, polypharmacy was defined as having 5 or more pre-
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scribed drugs simultaneously (91). A working definition of LHPT was pro-
posed in Paper I with the purpose of doing an initial screening of the defined 
population (Figure 3). The formation of the definition was based on clinical 
experience but also with careful consideration of the literature.  
 
Figure 3. Proposed working definition of lithium-associated hyperparathyroidism 
(LHPT).  

 
In Paper IV, persistent disease after operation was defined as having ele-

vated serum calcium at six months follow-up. Recurrent disease was defined 
as having elevated serum calcium at follow-up in an individual who was 
otherwise normocalcaemic at 6 months after the operation. 

Methods 
The areas for recruitment in Papers I-III were Örebro County and Jönkö-
ping Municipality. These two socio-economically similar areas, located in 
central Sweden, have approximately 450.000 residents, which is roughly 
4.5% of Sweden’s population. For Paper I all relevant clinical and labora-
tory data was collected according to a protocol the authors had constructed. 
Collected data included, apart from demographic details, treatment dura-
tion, blood tests reflecting calcium homeostasis and parathyroid function, 
and information as to whether patients had undergone neck-surgery. Details 
were documented between October 2012 and March 2014.  

The patients from Paper I with diagnosis BD were then investigated fur-
ther with regards risk for development of hypercalcaemia. These patients 
were compared to a second population, patients with BD without concom-
itant lithium treatment, and who were recruited as part of a research project 
called the St.Göran’s Bipolar Project led by psychiatrist Professor Michael 

iCa > 1.30/ TCa > 2.45/ TCacorr >2.45 + PTH > 65 + 25(OH)-vit D >25 
 
or 
 
iCa > 1.34/ TCa > 2.50/ TCacorr >2.50 + PTH > 65, independent of 
25(OH)-vit D 
 
iCa=ionised calcium; TCa=total calcium; TCacorr= ”corrected” total calcium; 25(OH)-vit 
D=25-hydroxyvitamin D 
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Landén (co-author Paper II)(92). The project is an interdisciplinary longitu-
dinal study aimed at further understanding the neurobiological mechanisms 
of mood disorders with specific attention to the clinical setting. The project 
started in October 2005 and regular follow-ups have occurred and continue 
to occur annually. Patients were recruited from the Bipolar Out-patient Unit 
at the Northern Stockholm Psychiatric Clinic, Stockholm, Sweden, with a 
catchment of approximately 300.000 residents. A third population-based 
control group was randomly selected by Statistics Sweden (SCB) (93). Indi-
viduals were contacted by post and 14% of those contacted agreed to par-
ticipate as volunteers, and this level of participation is, according to SCB, 
comparable to similar studies. Assessment of symptomatology and daily 
function was assessed according to Global Assessment of Function (GAF) 
and ascertained for 403 participants (94). Concerning these latter two pop-
ulations, appropriate data for assessment of parathyroid function was lim-
ited, though details concerning calcium, creatinine and current medications 
were available. Medications were categorised according to whether they 
were mood-stabilisers, central stimulants, antidepressants, antipsychotics, 
anxiolytics, “non-psychiatric” medications – most often for the treatment 
of hypertension or diabetes, and lastly whether Levothyroxine was pre-
scribed. Surgical details were available for 7 patients with lithium therapy. 

In Paper III calcium homeostasis in lithium-treated patients was charac-
terised, whereby every effort was made to retrieve all available calcium de-
terminations for all included patients. The introduction of computerised 
medical journals in 1999 has definitely facilitated data collection, and while 
calcium monitoring has occurred regularly though not consistently since 
then, before this year, the determination of serum calcium occurred sporad-
ically. Serum calcium values were retrieved in 66% of participants before 
lithium initiation. Data was collected between January and April 2017. 
Three-year intervals were deemed to be clinically relevant for the assessment 
of calcium homeostasis since lithium associated hypercalcaemia is thought 
to be slightly progressive and relatively stable (61, 95). For each three-year 
period, mean calcium was calculated and the lowest and highest determina-
tion noted, along with the number of determinations which were patholog-
ical. Participants were grouped according to whether they had normocal-
caemia (though, at most, 2 hypocalcaemic and/or 2 hypercalcaemic values 
were accepted), hypercalcaemia (2 hypocalcaemic values accepted), or hy-
pocalcaemic (2 hypercalcaemic values accepted). Sixty-six patients, with 5 
or more elevated serum calcium values, were considered to have suspected 
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LHPT and further tests were carried out including 24-hour urine calcium 
levels in 29 cases. Surgical results of 16 parathyroidectomies were presented.  

For Paper IV, inspection of surgical records took place in 2008 regarding 
all parathyroidectomies at the six surgical centres between 1991-2006. All 
operations were performed by experienced surgeons. All specimens were 
analysed at the local pathology department. Extirpated specimens were ei-
ther weighed or measured. When the specimens were measured, weight was 
calculated according to an accepted formula by Parfitt et al (96). Histo-
pathological evaluations were carried out according to recommended 
pathological criteria (97).  

Statistics 
Descriptive statistics were used in all four papers which included the presen-
tation of frequencies, percentages, means and standard deviations, and 
when appropriate, median values and ranges. In Papers I-III, Chi-squared 
test (for categorical measures), Student’s t test (for normally distributed con-
tinuous measures) and Wilcoxon rank sum test (non-parametric distributed 
continuous measures) were used. In Paper I a multivariate analysis was per-
formed with data from 154 participants using the parameters lithium dura-
tion, levothyroxine usage, eGFR and vitamin-D levels and its association 
with HPT, adjusted for age and sex. A further multivariate analysis was 
performed in Paper II comparing hypercalcaemia in bipolar patients with 
and without lithium and the control population with regards age, sex, kid-
ney function, pathological TSH, medications. Statistical differences were 
calculated in Paper IV by means of Mann-Whitney U test.  

The statistical software used was Stat version 12/SE for Windows 
(StatCorp, College Station, Texas), Excel® 2016, SPSS (version 22). P-values 
less than 0.05 were considered significant.   

Ethics 
All studies in this thesis were conducted according to the principles of the 
Helsinki Declaration. Permission for the execution of Papers I-III was 
granted by the Regional Ethical Review Board, Uppsala, Sweden in 2011. 
The study in Paper IV was approved after communication with the Regional 
Ethical Review Board, Linköping, Sweden in 2007.  
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Results  

Paper I: Prevalence of LHPT 
One third of the entire group had mean TCa > 2.45mmol/l. According to 
our working definition of LHPT (Figure 3), 77 patients (18%) fulfilled the 
criteria, having a median TCa= 2.55mmol/l (2.45-2.86) and PTH=90 ng/l 
(65-305), while a further 21% of patients had had at least one elevated cal-
cium determination during the study period (Table 1).  
 
Table 1. Basic parameters of HPT status in 77 patients treated with lithium. 

Variables  Reference 
value 

HPT,  
n=77 

Non-HPT, 
n=246 

P value Total,  
n=323  

Age, yrs, mean 
(SD)  

 65 (±12.00) 55  
(±15.04) 

<0.001* 57 
(±14.97) 

Female sex, n 
(%)  

 55  
(71) 

142  
(58) 

0.031† 197  
(61) 

Creatinine, 
µmol/l  

Males, median 
(range) 

60-105  93 
(65-171) 

86 
(60 -155) 

0.082‡ 86 
(60-171) 

 
Females, me-
dian (range) 

45-90  80 
(58-130) 

70 
(46-101) 

<0.001‡ 72 
(46-130) 

 
Total Calcium, 
mmol/l, median 
(range) 

2.10 – 2.55  2.55 
(2.35-2.86) 

2.42 
(2.17-2.73) 

<0.001‡ 2.44 
(2.17-2.86) 

PTH, ng/l,  
median (range) 

10 – 73  90 
(65-305) 

58  
(22-206) 

<0.001‡ 66 
(22-305) 

 
Vitamin D, 
nmol/l, median 
(range)** 

 48 
(17-103) 

53 
(9-146) 

0.192‡ 52 
(9-146) 

Duration of 
lithium therapy, 
yrs, median 
(range)†† 

 23 
(3 - 40) 

9 
(2 - 44) 

<0.001‡ 11.5 
(2 - 44) 

Average number 
of lithium tab-
lets per day, me-
dian (range)†† 

 3.67 
(1.80 – 7.00) 

4  
(1.83 – 7.13) 

0.520‡ 3.98 
(1.80 -7.13) 

Levothyroxine 
use, n (%) †† 

 21  
(39.62) 

17 
(16.83) 

0.002† 38 
(24.68) 

GFR, estimated 
according to the 
MDRD for-
mula, 
ml/min/1.73 m2, 
mean (SD) †† 

 70 
(±15.21) 

87 
(±16.08) 

<0.001* 81 
(±17.80) 

* P value from t-test 
† P value from Chi square test 
‡ P value from Mann-Whitney (Wilcoxon rank-sum) test 
** Information was available for 68 individuals with HPT and 200 non-HPT individuals; 
75nmol/l is the recommended optimal value for patients 
†† Information was available for 154 (45%) individuals: 53 with HPT and 101 without HPT 
SD = standard deviation; PTH = parathyroid hormone; GFR = Glomerular Filtration Rate, 
MDRD = Modification of Diet in Renal Disease formula (available at: www.mdrd.com )  

http://www.mdrd.com/


26 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

The LHPT group was constituted predominantly of women (71%) and 
older individuals (median age 65 yrs) compared to the non-LHPT group 
which was significantly younger (median age 55 yrs). Vitamin D was deter-
mined in 287 patients (68%) at various seasons of the year and no statistical 
difference could be detected between the two groups. No patient had end-
stage renal failure, though 7 patients had lithium withdrawn because of det-
rimental effects on renal function. In the multivariate analysis completed 
with data from 154 patients, lithium duration, levothyroxine usage (as an 
indirect sign of thyroid pathology), and kidney dysfunction all proved to be 
significant factors in distinguishing the groups. Only five patients (≈1%) 
had undergone parathyroidectomy (PTX).  

Paper II: Lithium-associated hypercalcaemia in BD 
Bipolar patients with lithium (BWL) were compared to Bipolar patients 
without lithium (BWOL) and a control population with regards calcium 
homeostasis. Of all individuals with BD (BWL + BWOL), 87 (16%) had 
hypercalcaemia with a median TCa = 2.57 mmol/L (range 2.50 – 2.86) (Fig-
ure 4). A majority of them (94%) belonged to the BWL group (p=0.001). 
Creatinine was not shown to be significantly different between these groups. 
Once again, those who were hypercalcaemic were predominantly women 
(67%) and older, with a median age of 64 (range 24-90) years.   
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Figure 4. The distribution of calcium values for the three separate study groups. The 
available values included bipolar with lithium treatment (n=313), bipolar without 
lithium (n=148), population-based control group (n=102). The median calcium 
value for the group as a whole was 2.37 mmol/l (illustrated with red line). Eighty-
seven patients had P-Ca> 2.5mmol/l; of those, eighty-two (94%) were bipolar pa-
tients with lithium treatment.  
 

 
Patients with BD generally scored lower in the symptom scale GAF (val-

ues available for 403 individuals) compared to the control population, and 
though there were indications that those with hypercalcaemia scored lower, 
these did not prove statistically significant. BWL had much more polyphar-
macy, possibly indicating a greater level of psychiatric morbidity. In a mul-
tivariate analysis (Table 2), comparing BWL and the control population 
with BWOL (regarded as the reference population), concomitant lithium 
therapy (adjusted OR 13.45; 95% CI 3.09, 58.55; p=0.001) was very 
strongly associated with hypercalcaemia, as was age and gender.  
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Table 2. Multivariable analysis comparing hypercalcemia in bipolar patients with-
out concomitant lithium treatment with bipolar patients with lithium and to a con-
trol population.   

 
 Unadjusted OR 

(95% CI) 
P 
value 

Adjusted OR (95% 
CI) 

p value 

Study groups*     
Bipolar without 

lithium 
1 (ref)  1 (ref)  

Bipolar with lith-
ium 

23.96 
(5.80,99.00) 

≤0.001 13.45 (3.09,58.55) 0.001 

Control popula-
tion 

2.05 
(0.36,12.47) 

0.438        2.40 (0.38,15.41) 0.355 

Age -  1.04 (1.02,1.06) ≤0.001 
Sex -  0.38 (0.19,0.77) 0.007 
Creatinine -  1.01 (0.99,1.03) 0.489 
Pathological TSH -  1.30 (0.63,2.69) 0.477 
Levothyroxine -  1.03 (0.46,2.28) 0.945 
Antidepressants -  0.38 (0.21,0.67) 0.001 
Antipsychotics -  1.88 (1.04,3.04) 0.036 
Anxiolytics  -  1.66 (0.80,3.45) 0.174 
“Non-psychiatric” 
medications 

-  1.45 (0.75,2.79) 0.273 

*Complete values were available for 552 individuals. 
 

Surgical results were presented in seven cases of PTX, performed due to 
suspected LHPT in four women and three men with a median age of 60 
(range 46-74) years, with lithium duration a median of 29 (range 14-34yrs) 
years. Four patients had parathyroid hyperplasia (a median of two glands 
extirpated), one was deemed to have normal parathyroid glands (1 gland 
extirpated, a half taken for biopsy), one patient had lipoadenoma in the one 
extirpated gland (but later re-operated with a further 2 hyperplastic para-
thyroid glands extirpated), and lastly one patient had an adenoma. Six pa-
tients had recurrent disease after the initial operation, with a median follow-
up of 11(range 5-12) years. The patient who underwent a second operation 
was normocalcaemic at one-year follow-up.  

Paper III: Hypercalcaemia and hypocalcaemia? 
Three groups of patients with concurrent lithium therapy were identified 
based on calcium homeostasis: 178 were normocalcaemic (60%), 102 hy-
percalcaemic (34%), and 17 hypocalcaemic (6%). Before starting with lith-
ium, four female patients were hypocalcemic, ranging in values from 2.02-
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2.14 mmol/l, but all patients normalized with time. An additional four pa-
tients (two men, two women) had hypercalcemia before lithium treatment: 
one patient normalized, one normalized but developed hypocalcaemia in-
termittently, one remained moderately hypercalcaemic even after 20 years 
of observation and, lastly, one patient underwent PTX resulting in persis-
tent disease.   
 

Table 3. Intergroup analysis comparing the three categorized groups with patholog-
ical calcium values (hypo grp=hypocalcaemic group (n=17); hyper grp=hypercalcae-
mic group (n=102)) with the normocalcaemic group (n=178). 
 

Variables Group values Normocalcemic lith-
ium-treated patients 

p-value§ 

Age, median (range), yrs Hypo grp= 66 (43-
92) 

52 (22–89) <0.000 

Hyper grp= 64 (21-
91) 

<0.000 

Female (%) Hypo grp= 10 (59) 113 (63) 0.720 
Hyper grp= 69 (68) 0.480 

Average calcium values, 
median (range), mmol/l 
(ref.2.15-2.50) 

Hypo grp= 2.24 
(1.86-2.59*)  

2.33 (2.02-2.86*) <0.000 

Hyper grp=2.45 
(2.03-3.09*) 

<0.000 

Lithium duration, me-
dian (range), yrs 

Hypo grp= 17.0 
(1.5-40) 

11.5 (1.5-40) <0.000 

Hyper grp= 23.0 (3-
45) 

<0.000 

Creatinine at last follow-
up, median (range), 
µmol/l (ref.45-90)# 

Hypo grp= 81 (59-
115) 

75 (42-173) 0.218 

Hyper grp= 80 (49-
205) 

<0.000 

§ P-value from t-test. 

*Two pathological values in either direction (hypo-or hypercalcemia) were accepted as a nor-

mal occurrence. Categorization was based on the occurrence of at least three pathological values.  

# Reference values for women are 45-90 µmol/l and for men 60-105 µmol/l. 
 
A total of 8504 calcium determinations were retrieved, 234 before lith-

ium therapy initiation. The median therapy duration before the first ele-
vated calcium determination was 10.5 (range1.5-44) years. Both the hyper-
calcaemic and hypocalcaemic groups differed significantly from the 
normocalcaemic group in terms of age, calcium status and lithium therapy 
duration (Table 3). Twenty-four patients in the hypercalcaemic group had 
elevated but stable creatinine values, thus explaining the apparent difference 
in kidney function detected in the analysis (Table 3). No obvious reason 
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(diuretics, chronic kidney failure, neck surgery, severe disease) could explain 
why those in the hypocalcaemic group had intermittent hypocalcaemic epi-
sodes, and remained largely in the lower reference range for TCa. 

There were considerable variations in serum calcium levels during the 
observation period, in particular in the hypercalcaemic group. Further bio-
chemistry was retrieved in 66 patients with either surgically confirmed or 
with strongly suspected LHPT. Of those, 7 had already undergone PTX, 8 were 
planned for PTX in the near future (one reoperation), and 56 with biochemistry 
supporting suspected LHPT. These patients had a median TCa of 2.55mmol/l 
(range 2.32-3.1) together with increased PTH value of 9.8pmol/l (range 3.3-
39). All other parameters (phosphate, creatinine, vitamin-D) were largely nor-
mal, though it is worth noting that urinary calcium excretion was generally low, 
with 9 patients (31%) having values below 1.2 mmol/24hrs.  

Surgical results of 16 PTX (one reoperation) were also presented. Sesta-
mibi scan had been performed in ten of the cases with reliable, predictive 
information correlated to surgical findings in only two (both cases histo-
pathology shown adenomas). A total of 36.5 parathyroid glands were ex-
tirpated 26.5 were identified as hyperplastic (Table 4). Ten patients are hith-
erto normocalcaemic but the follow-up times are relatively short. Two he-
mithyroidectomies were performed revealing follicular thyroid cancer.  

 
Table 4. Surgical results for fifteen lithium-treated patients having undergone six-
teen parathyroidectomies, including one re-operation, for hyperparathyroidism.  
 

Surgical method* Histopathologi-
cal diagnosis 

Calcium at fol-
low-up (ref.2.10-
2.50mmol/l), me-
dian (range) 

Follow-up 
(months), median 
(range) 

Cure? 

UNE= 4# 

BNE= 12 

Adenoma= 5 

Hyperplasia= 

26½ 

Normal=3 

2.36 (2.19-2.89) 27 (12-144) Cure= 10 

Recurrent= 2 

Persistent= 4 

*Unilateral Neck Exploration (UNE) indicates that only one side of the neck is exposed during 

an operation for hyperparathyroidism, whereas in Bilateral Neck Exploration (BNE) both sides 

are exposed.  

#One re-operation: right lower gland extirpated in 2006 revealing hyperplasia and the patient 

had persistent disease. At re-operation in 2016, UNE of left side revealed two macroscopically 

enlarged glands, though one was later judged to be an adenoma, the other revealed normal 

parathyroid histology.  
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Paper IV: Long-term surgical results 
Seventy-one lithium-treated patients had undergone a total of 78 PTX, five 
women underwent two operations and one woman underwent three. The 
median age at the primary operation was 61 (39-81) years, with a median 
lithium therapy duration of 19 (0.5-40) years. A summary of results is pre-
sented in Table 5. Median follow-up was 6.3 (IQR 4-11) years. BNE was 
used in all but two of the primary 71 operations. Thirty-two patients (45%) 
were judged to have adenomas, 2 (3%) with double adenomas, and 37 
(52%) with hyperplasia. A median of 3 (2-4) parathyroid glands were iden-
tified in those with adenomas and 1.5 (1-1.5) were extirpated. Whereas, in 
the hyperplasia group, a median of 4 (3-4) glands were identified and 2.5 
(2.5-3) were extirpated. Duration of lithium therapy was significantly 
longer in the hyperplasia group, 20 (IQR 15-25) years compared to 10 (IQR 
3.5-27) years in the adenoma group. 
 
Table 5. A summary of results of primary parathyroidectomy surgery at six-months 
and latest follow-up in 71 lithium-treated patients. 
 

Variable Result Extent of surgery: 
no. of extirpated 
glands 

Normocalcaemia at 
6 months (%) 

Normocalcaemia at 
median 6.3 yrs (IQR 
4-11) follow-up (%) 

Women (no.) 55  65 44 
Men (no.) 16  94 69 
Total calcium median 
(IQR), mmol/l 
(ref.2.15-2.50) 

2.76 (2.68-2.88)    

Ionised calcium me-
dian (IQR), mmol/l 
(ref.1.15-1.34) 

1.48 (1.36-1.55)    

PTH (% of upper ref-
erence value) * 

173 (112-158)    

Creatinine at last fol-
low-up, median 
(range), µmol/l (ref.45-
90) 

98 (82-115)    

Diagnosis - Adenoma 
         Hyperplasia 

34 1.5 (1-2) 76 59 
37 2 (0-4) 70 57 

*Due to different methods used to measure PTH, data is expressed as percentage of the upper 

reference value 

 
The overall cure-rate was 58%, and similar results were seen in both his-

topathological groups at 6 months and latest follow-up. A tendency to in-
crementally increasing calcium values was surmised in the 14 normocalcae-
mic patients at latest follow-up. Gland weight was lower in those found to 
be cured. Although no statistically verifiable difference was detected be-
tween the number of extirpated glands in relation to “cure” in separate each 
group (in the adenoma group 1.5 vs 1, and in the hyperplasia group 3 vs 2), 
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results indicated that more radical surgery was conducive to attaining 
normocalcaemia (Figure 5). It should be noted that 9 patients at follow-up 
were hypocalcaemic and required substitution with calcium and vitamin D. 
Six patients, thought to have persistent disease at 6 months follow-up, were 
subsequently normocalcaemic at latest follow-up. Of those 6 women who 
underwent re-operations, two became normocalcaemic, and one developed 
hypoparathyroidism.  
 
Figure 5. Cure in relation to the number of parathyroid glands extirpated in lithium-
treated patients with adenomas or hyperplasia.  
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Discussion 

Paper I 
As far as I know, Paper I represents the largest prevalence study of LHPT 
in psychiatric out-patients. It revealed that 18% were suspected of LHPT, 
while a further 20% had intermittent episodes of hypercalcaemia. The esti-
mated prevalence of LHPT, and indeed hypercalcaemia in lithium-treated 
patients, has varied widely in earlier studies, from 2.7-80% (98-101). This 
depends on three main factors: firstly, how the LHPT was confirmed (e.g. 
in Bendz et al.(98) it was surgically confirmed, thus giving only 2.7%, com-
pared to biochemically, as in Lally et al. (32), estimated 5.3% LHPT in 333 
patients); secondly, the size of the cohort studied (e.g. Nordenström et al. 
(80) described 6 LHPT patients, Twigt et al. (102) had a cross-section anal-
ysis of 314) (Appendix 1); thirdly, since LHPT develops with time, the du-
ration of lithium treatment is of great importance (McHenry et al. (40) re-
ported an median treatment duration of 8 years, while Lally et al. (32) re-
ported a mean of 15 years)  but after two decades approximately a quarter 
of patients have LHPT or clear disturbances in calcium metabolism. 
McKnight et al. in a meta-analysis of lithium toxicity estimates the absolute 
risk of LHPT to be 10% (37).  

Making assessments about parathyroid function is always difficult with-
out a complete laboratory work-up, which should include calcium (prefer-
ably iCa), PTH and vitamin D (47). One of the major challenges with the 
study has been the variable inconsistency of calcium monitoring. Recently 
adjusted international recommendations for the treatment of BD with lith-
ium may go some way in improving this issue, though it will likely take time 
for relatively new knowledge about lithium’s impact on calcium metabolism 
to be converted into local guidelines (30, 34, 36). It is still controversial to 
consider LHPT as a separate endocrinopathy rather than an “expression” 
of pHPT.  Clinically, this patient group has been somewhat overlooked in 
terms of evaluating the possible benefits of surgical intervention, in that 
most patients have only normal to moderately elevated calcium levels, sim-
ilar in some respects to asymptomatic HPT. However, patients with this 
latter condition have shown clear benefits of surgery in terms of improved 
QoL (95, 103). In addition, Lundgren et al. has reported an underdiagnosis 
of HPT in a particular risk group, i.e. women over 55 years old (104). We 
constructed a working-definition based on the considerable experience of 
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the senior researchers involved in the project and careful attention to the 
literature (33, 37, 57, 59, 61, 105). 

One main reason for such a definition is to allow for early detection of 
patients who potentially could develop hypercalcaemia or LHPT. As yet, 
there exists no consensus document for the management of hypercalcaemia 
or HPT in lithium-treated patients (102), though the European Society of 
Endocrine Surgeons consensus report on sporadic multiple parathyroid 
gland disease concisely describes the current surgical approach to LHPT 
(62). It is suggested, and our own studies confirm this suggestion, that 
LHPT differs substantially from pHPT and, thereby, needs to be managed 
differently (59, 106). One intriguing difference, discussed extensively by 
Mak et al., is the inappropriate elevation of PTH in relation to serum cal-
cium levels (107). Albert et al. also confirm the tendency to higher levels of 
PTH in lithium-exposed patients, even soon after starting with lithium 
(108). Careful monitoring is needed, which is why an algorithm was devel-
oped to help clinicians in the management of calcium metabolism in lithium-
treated patients.  

We identified that age, gender (i.e. females), and lithium duration were 
all important factors in the development of hypercalcaemia, but it might be 
that age and lithium duration are closely related cofactors. Several authors 
have shown that age and gender are significant factors in the development 
of LHPT (33, 57, 105, 109), and in this sense similar to pHPT, but Twigt 
et al. (102) could only show that lithium duration was significant. Although 
lithium theoretically should exert its systematic effects on all parathyroid 
glands equally, it is only approximately 40 % that develop calcium disturb-
ances. The reasons for this remain unclear, but it may involve individual or 
a combination of morbidity factors (e.g. polypharmacy, kidney function) 
and/or genetic factors. More studies are needed to clarify this. 

Only five patients had undergone PTX. Our interpretation of this is that 
mildly elevated serum calcium and/or PTH – which generally characterise 
LHPT – are accepted by most psychiatrists as tolerable or “just above the 
reference value”, and therefore not requiring further clinical investigation. 
However, these findings in themselves create a new series of questions: what 
implications do moderately elevated calcium levels have for the individual 
receiving lithium therapy? How is their skeletal status? Should more receive 
surgery? What causes the variability in LHPT patients’ calcium homeosta-
sis, where many pendulate between normo- and hypercalcaemia? And, not 
least, since so many have BD, are calcium disturbances associated with their 
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fundamental illness and not the treatment? This latter question became the 
starting-block for the next study! 

Paper II 
Bipolar disorder (BD) is strongly associated with endocrine conditions such 
as diabetes type II and cortisol disturbances (110). In a recent study, it has 
even been demonstrated that of four genetic loci associated with five major 
psychiatric diagnoses, including BD, two are specifically involved in the ex-
pression of calcium channels (111).  We, therefore, had to rule out that 
LHPT was not the consequence of  the BD disease in itself.  Our compari-
sons of the calcium homeostasis in BD patients with and without lithium 
therapy, as well as an additional control population, showed lithium to be 
overwhelmingly associated with the development of hypercalcaemia, even 
in adjusted models of analysis. Thus, LHPT is not primarily associated with 
BD. With such a strong association, it is imperative that careful monitoring 
be implemented. One possible way of increasing awareness of this condition 
in Sweden would be to incorporate reporting-items concerning parathyroid 
function in the national Bipolar Register (112).  

The study, once again, confirmed that age and gender were key factors 
associated with hypercalcaemia, and additionally even thyroid dysfunction. 
While the association of lithium and development of hypercalcaemia is com-
pelling especially in some risk groups, there are currently no predictors 
which indicate who is most likely to develop hypercalcaemia or LHPT 
(102). Indeed, any causal relationship is still unconfirmed (113). Mak et al. 
noticed that PTH increased when lithium was introduced in 53 adults with-
out an increase in calcium and propose some form of “counterregulating 
factor offsetting the hypercalcemic effect of PTH”, which is unknown (107). 
On the other hand, Christiansen et al. report that both PTH, calcium and 
magnesium increased in 13 individuals who had been “lithium naive” ear-
lier, increases which took place in the first two years (114). It is, therefore, 
prudent that more careful monitoring be applied to those who match these 
criteria. The aforementioned risk factors might also be influential in decid-
ing the extent of surgery, should it be necessary.  

GAF is often used by psychiatrists to assess the patient’s level of symp-
toms and general functioning. This instrument is dependent on the assessor. 
Validated instruments are needed to evaluate the implications of hypercal-
caemia and HPT for the individual patient treated with lithium. In our ran-
domised study, explained later in this introductory essay, we use a range of 
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instruments (MADR-S, AS-18, SF-36, VAS - see Table 7) in order to deci-
pher and detect what may often be very discrete symptoms. In general, there 
is a poor correlation between psychosymptomatology and the development 
of hypercalcaemia, though acutely elevated calcium can lead to psychosis 
and coma (115). It may be the case that the symptomatic consequences of 
even mildly elevated serum calcium levels are underestimated (116, 117). A 
problem illustrated by several authors is that of doctor’s delay, i.e. in clinical 
practice it often takes a considerable amount of time to differentiate the 
patient’s possible symptoms related to hypercalcaemia/LHPT (e.g. muscle 
weakness, fatigue, “loss of incentive”) from their affective disorder for 
which they are receiving lithium treatment (68, 102, 118). Today there exist 
no specific, validated tools to help in differentiating between the conditions 
which is why regular monitoring and the judicious use of symptom scoring, 
from a range of instruments, is to be advised. 

In the seven surgical cases reported, the pre-operative median TCa was 
2.73mmol/l and PTH=106 ng/l. A median of 3 parathyroid glands were 
identified but only a median of 2 were removed. Six patients had recurrent 
disease, one with persistent disease and was re-operated 10 years after the 
initial operation. MGD is to be regarded as the major histopathological di-
agnosis, meaning that an optimal first operation is vital.  The surgical results 
in this study go some way in confirming that normocalcaemic HPT or 
mildly elevated hypercalcaemia is often seen in the presence of MGD (119). 
Further, it would suggest that subtotal PTX could be a suitable surgical 
strategy for this specific patient group.  

Paper III 
This comprehensive study of lithium-treated patients demonstrates, yet 
again, that hypercalcaemia is an unambiguous side-effect of lithium ther-
apy, affecting approximately a third of all patients. Furthermore, through 
the sheer multitude of tests retrieved, a considerable inter- and intraindidi-
vual variation could be seen. This possibly clarifies the reason why some 
individuals thought to have LHPT at one point in time can later present 
with normocalcaemia (or even tendencies to hypocalcaemia) through robust 
fluctuations in calcium homeostasis. This surely is one major difference be-
tween LHPT and pHPT. It is also the reason, we think, that the mean cal-
cium for the entire group at the start and at the end are not dramatically 
different, though the ranges are. Furthermore, we noticed that there was, at 
times, great inter-individual variation between TCa and iCa and has been 
influential in studies in determining the prevalence of hypercalcaemia: 
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Bendz et al. used TCa and estimated hypercalcaemia prevalence to be 3.6%, 
while Toffaletti et al. used iCa and found the prevalence of hypercalcaemia 
to be 7.4% (82). In addition, to the best of our knowledge, this is the first 
study to illustrate the rather bewildering existence of hypocalcaemia in a 
small group of lithium-treated patients. No apparent reason could be ascer-
tained and we interpret this phenomenon as a reflection of a wider dysfunc-
tion, possibly as a result of chronic lithium therapy. Unfortunately, no co-
incident PTH determination nor vitamin D were taken at the episodes of 
hypocalcaemia, but kidney failure- as assessed by creatinine- could be ruled 
out. Lithium duration showed a reasonable correlation in the development 
of hypercalcaemia (R2=0.45), and even hypocalcaemia (R2=0.52). Thus, all 
patients having medicated with lithium ten years or more should undergo 
more attentive monitoring. 

Mallette & Eichhorn described that serum calcium and PTH increased 
within the first four weeks of lithium treatment, but within upper normal 
ranges (120). The results achieved in this study go still farther than describ-
ing solely calcium disturbances, but additionally illustrate what character-
ises LHPT, namely, normal to mildly elevated TCa, PTH ranging from nor-
mal to high (and often inappropriately high in relation to serum calcium), 
phosphate ranging from normal to moderately elevated serum phosphate, 
and urinary secretion of calcium which is low or very low, as in many cases 
in this study (59, 61, 105, 107). Interestingly, low urinary calcium excretion 
ay be explained by lithium’s direct effect on renal tubule, probably through 
the inhibition of cyclic AMP (105, 109). These characteristics also signify a 
clear difference with pHPT. In fact, parallels may be drawn to familial hy-
pocalciuric hypercalcaemia (FHH). Both LHPT and FHH in many senses 
are thought of as “asymptomatic”, and biochemical similarities in terms of 
(mild) hypercalcaemia, normo- or hypophosphatemia, and hypocalciuria 
are fairly apparent (121). Furthermore, both conditions are characterised 
parathyroid  hyperplasia and poor surgical results (121). Surgery has little 
place in terms of treatment of FHH due to its genetical aetiology; little is 
known about the genetic aetiology of LHPT, but defects in Wnt/β-catenin 
signalling leading to increased nonphosphorylated β-catenin seems to have 
significance in the development of tumours in HPT (44, 122).  

Corroborating with multiple previous studies, the surgical results pre-
sented in this paper confirmed MGD as the predominant histopathological 
diagnosis (57, 75, 78, 79, 123). Most operations performed utilised BNE, 
though four UNE were also performed. Sestamibi scanning gave little pre-
dictive information in these cases, and it has been argued that scanning may 
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be redundant if the surgical strategy for suspected LHPT should be BNE 
(59, 124). An average of two parathyroid glands were removed, and alt-
hough the cure rate was 62.5%, recurrent/persistent disease is already found 
in five patients, and most of those determined as cured were operated on in 
the time period 2016-2017. More time is necessary for observation of these 
relatively newly operated patients. Lengthy periods of observation are oth-
erwise strongly recommended, in general, for all lithium-treated patients 
who undergo PTX. It does raise the question whether surgery is the best 
strategy to manage suspected LHPT. A few reports have published good 
results from case-studies on the use of calcimimetics (125). Though more 
studies are needed, including health-economic evaluations (126).  

Paper IV 
This is hitherto the largest published surgical study providing long-term re-
sults of PTX on lithium-treated patients who develop HPT and also reports 
the longest follow-up. This was the first study to provide robust, though 
rather disheartening, long-term results that demonstrated markedly differ-
ent results from the management of pHPT. The rate of persistence or recur-
rence was estimated to 42% after the primary operation.  
 
Table 6. Summary of surgical reports concerning LHPT from 1989-2008. 

 
Author Participants 

(n=) 

Histopathology Follow-up (maxi-

mum no. months) 

Cure-rate (%) 

Stancer & Forbath, 

1989, (123) 

3 2 H 

1 A 

36 100 

McHenry et al., 

1990, (40) 

7 3 H 

4 A 

3 100 

Nordenström et al., 

1992, (80) 

6 5 H 

1 A 

-- -- 

Abdullah et al., 

1999, (90) 

11 5 H 

3 A, 3 DA 

36 78 

Awad et al., 2003, 

(72) 

15 1 H 

11 A, 3 DA 

24 93 

Hundley et al., 

2005, (74) 

12 6 H 

3 A, 3 DA 

10 25 # 

Carchman et al., 

2008, (68) 

16 4 H 

10 A, 2 DA 

50 100 * 

H= hyperplasia, A= adenoma, DA= double adenoma; # 6 patients could not be determined 

because of lack of data, but a further 2 had recurrence; * 2 patients had normocalcaemic hy-

perparathormonomia.  
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A number of reasons might have contributed to that result. Firstly, no 
cohesive surgical strategy regarding how to operate these patients was ac-
cepted at that time. Even though BNE was employed in most cases, only 
three glands on average were identified and only an average of two were 
removed. Secondly, hyperplasia was present in 52% of cases and hyper-
plasia most often effects all parathyroid glands. These observations under-
pin the necessity of attempting to identify all parathyroid glands and the 
importance of considering a subtotal parathyroidectomy as reasonable sur-
gical alternative (62). However, it should be noted that other studies have 
advocated focused PTX and have demonstrated good results, though their 
patient groups were younger and follow-up was limited (57, 68, 90) (Table 
6). Norlén et al. quite rightly also points out the undesirable possible con-
sequences of more radical surgery and emphasises the need for caution in 
order to avoid causing hypoparathyroidism (79). Nine patients in this study 
did indeed suffer from hypoparathyroidism at the latest follow-up. In addi-
tion, the co-existence of two independent phenomenon, i.e. lithium treat-
ment and pHPT, should not be overlooked (80, 127). Single glandular dis-
ease was, in this series, reported in 45% of cases, with two having double 
adenomas. Theoretically, these patients could be candidates for focused 
PTX, though, as the surgical results from the smaller series of cases in Papers 
II & III also reveal, the risk for recurrence many years later in the presence 
of continual lithium therapy is compelling. As yet, pre-operative imaging 
does not provide a high enough level of certainty that could enable focused 
PTX in this patient group.  

There is an increased frequency in comparison to pHPT of double ade-
nomas (Table 6) in patients with LHPT, with two cases reported in this 
study. It may be the case that patients with lithium therapy have a “true” 
single adenoma, though we believe those are in the minority. In Paper III, 
the patient who was re-operated had first one gland removed judged to be 
hyperplastic, and at the reoperation 2 glands were removed where one was 
determined to be an adenoma. As referred to earlier, the pathological diag-
nosis of adenoma versus hyperplasia is often challenging, and if persistent 
or recurrent disease does occur, the original diagnosis must be questioned 
and re-evaluated.  

General Conclusions 
Frederick N. Johnson skilfully contextualises the significance of Cade’s con-
tribution by declaring that the discovery of lithium’s efficacy “is considered 
by many of those working in the field of psychiatric research to have been 
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one of the most significant in the history of pharmacotherapy” (128). Lith-
ium is an excellent stabilising drug, but as with all drugs, side-effects are 
ever present. As clinicians, it is our duty to detect, monitor and treat all 
eventual side-effects to the best of our knowledge and ability. One such side-
effect of lithium therapy is hypercalcaemia. Based on the studies presented 
in this thesis, we can make the following conclusions: 
 

1. The prevalence of LHPT is high, estimated to be 18%. Further-
more, another 20% of patients experience intermittent episodes of 
hypercalcaemia. 

2. Lithium usage is strongly associated with the development of hy-
percalcaemia in patients with bipolar disorder. Hypercalcaemia de-
velops over many years and is more common in women. Hypercal-
caemia is not caused by the bipolar disease in itself but to long-term 
use of lithium. 

3. Calcium homeostasis is unstable in almost half of the patients on 
chronic lithium treatment, showing episodes of both hypo-, normo 
-and hypercalcaemia. 

4. The results of traditional parathyroid surgery for suspected LHPT 
are poor with long-term cure rates of 50 per cent, or lower. The 
most important reason for this is the fact that LHPT in most cases 
is due to multiglandular parathyroid disease. 

5. LHPT seems different from primary HPT in both histopathology 
and biochemistry.  

6. Current monitoring of calcium homeostasis in psychiatric praxis 
does not facilitate an optimal evaluation of the patients’ parathy-
roid function. Few patients are assessed by an endocrinologist or 
endocrine surgeon regarding suspected HPT. 

7. The effects on body and soul of normalizing serum calcium levels 
in patients with LHPT is virtually unknown and randomized stud-
ies analysing surgical intervention are highly warranted. 
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Forthcoming studies 

Randomized study – surgery vs watchful waiting 
So many questions still exist concerning the appropriate treatment of LHPT 
and, as yet, no international consensus document exists describing how 
these patients should be medically managed. The long-term medical impli-
cations of chronic lithium-treatment with simultaneous parathyroid dys-
function- with regards for example the cardiovascular system, calcium turn-
over in the skeleton, general quality of life – have yet to be fully described 
and understood. With this in mind, we have begun a prospective random-
ised study. The overriding aim is, firstly, to evaluate the results of parathy-
roid surgery (with the aim of identifying all parathyroid glands and extir-
pation of 3 or 3½ glands) versus “watchful waiting”, i.e. controlled moni-
toring over time and, secondly, to describe pathophysiology and patho-
symptomatology in lithium-treated patients with suspected hyperparathy-
roidism.  

Ethics 
The study is ongoing and is conducted according to the Declaration of Hel-
sinki. The Ethics Committee at Uppsala University has reviewed and ap-
proved the study protocol (Dnr 2014/435). The study is approved by the 
biobank coordinators at each respective institution. All included patients 
gave written informed consent.  

Materials and methods 
The study was initiated in spring 2016 and is a collaborative project be-
tween the surgical departments at the University Hospital in Örebro and the 
County Hospital Ryhov, Jönköping. Patients with suspected LHPT or who 
had already undergone parathyroid surgery and showed signs of persistent 
or recurrent disease were identified through an inspection of medical rec-
ords for the purpose of the prevalence study (Paper I and III)(129). These 
identified patients were referred from the respective psychiatric departments 
to the surgical departments for out-patient assessment. Renewed blood tests 
were performed and if the patient met the criteria for the study, s/he was 
then asked regarding participation. The inclusion criteria for this study are: 

• Suspected LHPT as defined by elevated ionised/total/corrected cal-
cium and simultaneous elevated PTH. 

• Age group ≥20 years old to ≤75 years old. 
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• The patient has a good understanding of Swedish. 
• Lives in own residence. 
• Has on-going lithium treatment. 
• Exclusion criteria include: 
• Highly elevated calcium levels (TCa >3.00mmol/l or iCa 

>1.50mmol/l). 
• Age group <20 years old or >75 years old. 
• Difficulties in comprehending Swedish. 
• Resides at a care facility. 
• Complicated co-morbidity such as severe cardiovascular or pulmo-

nary disease, or severe kidney insufficiency. 
• The patient is participating in another study. 

 
If the patient met the inclusion criteria and was willing to participate in 

the study, the patient was then randomised either to surgery or “watchful 
waiting”. The patients will be followed over two years and are planned for 
a minimum of five out-patient assessments (Figure 6). At the time of writing, 
twelve patients have been successfully randomised (Figure 7). Randomisa-
tion blocks comprised of six patients each. Patients and investigators are 
aware of the assigned treatment. 

Apart from a complete review of medical history and a physical exami-
nation, the following indices are taken at baseline and at the end of the study 
(24 months): lithium concentration, TSH, creatinine, serum phosphate, iCa, 
TCa, PTH, 25-hydroxyvitamin D (25-OHD), liver function tests- 
AST/ALT/ALP/albumin, magnesium, albumin/creatinine ratio, urine dip-
stick test, urine osmolality, 24-hour specimen of urine calcium, weight and 
length in order to calculate BMI.  
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Figure 6. Algorithm for the prospective randomised study comparing the effects of 
radical parathyroid surgery versus controlled monitoring of lithium treated patients 
with suspected LHPT.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Furthermore, bone densitometry (DEXA) was performed and FRAX cal-
culated, muscle function tested with 30-second chair stand test (130), heart 
function assessed with echocardiography, psychiatric well-being rated with 
MADR-S (131) and AS-18 (132). Additionally, the authors (AM, JJ, GW) 
have developed a questionnaire based on a visual analogue scale (VAS) con-
cerning possible symptoms related to LHPT (Table 7). The questionnaire is 
currently not validated. Quality of life was evaluated by the 36-item short 
form health survey (SF-36, version 1)(133, 134). SF-36 is translated into 

Immunohistochemical-
analysis of parathyre-

oidea 

Assessment of pat. every 
6th month, incl. psych. 

well-being and blood-tests 

Study ends 
after 2yrs. 

Study ends 
after 2 yrs. 

Replication of all initial 
tests 

Assessment for operation 

Initial tests 
Blood chemistry, 
DEXA, muscle 
function, psych, 
somatic symp-
toms, quality of 
life, ECG. 

Surgery Watchful waiting 

Study start. 
40-60 patients. 
Randomisation 
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Swedish and is a survey of eight dimensions related to the concept of health, 
comprising physical function, physical role function, mental health, bodily 
pain, general health, vitality, emotional role function, and social function. 
Normative values are available for a Swedish population (135).  
 
Figure 7. Flow diagram illustrating the current status of recruitment and randomi-
sation in LHPT study. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Blood tests, 30-second chair stand test and symptom questionnaire are car-
ried out every 6 months, a total of five times over 24 months. Also, MADR-
S, AS-18 and SF-36 are evaluated at start, 12 months and 24 months. All 
surgery is performed by experienced endocrine surgeons and the primary 
surgical strategy is BNE. All patients randomised to surgery are referred for 
Sestamibi scan preoperatively. Extirpated tissue is sent for histopathological 
assessment. It is also planned that prepared material will be sent to Uppsala 
University for further analysis including immunohistochemistry to detect 

626 screened 

80 potentially eligible 

12 randomised 

• 21 declined 
• 14 too ill 
• 2 with TCa 

>3mmol/l 
• 2 normalised values 

6 to surgery 6 to watchful 
waiting 
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any potential differences in tumour tissue in LHPT compared to pHPT, in 
what is thought might be a unique material (personal correspondence with 
Prof. Gunnar Westin). 

Endpoints of this study 
The primary endpoint of the study is to evaluate the role that radical para-
thyroid surgery plays in the normalisation of hyperparathyroidism in lith-
ium-treated patients and in their psychiatric well-being and quality of life. 
Further secondary endpoints include a description of any possible changes 
in skeletal integrity, heart function, muscle function, symptom fluctuation, 
surgical results and complications.  
Case description A 58-
year-old man was re-
ferred to the out-patient 
surgical ward in Örebro 
in 2017. The patient had 
medicated with lithium 
for 23 years and debuted 
with the first episode of 
hypercalcaemia 20 years 
previously. Furthermore, 
the patient medicated for 
hypertension and hypoli-
pidemia. TCa had varied 
between 2.56-2.85 
mmol/l, at most iCa= 
1.53mmol/l and 
PTH=27.2 pmol/l (Figure 
8). The patient reported 
no instance of nephro-
lithiasis. DEXA scan was 
normal. tU-Ca=5 
mmol/24hrs, i.e. normal, S-
PO4=1.67 mmol/l. The Ses-
tamibi scan showed uptake 
dorsomedial of the right thyroid lobe, but even possibly dorsolateral to the 
left thyroid lobe. The patient reported no distinct symptom commonly as-
sociated with HPT. LHPT was highly suspected and surgery recommended. 

 

Figure 8. An illustration of the dynamics of 
iCa (green line, with normal reference span il-
lustrated with thick green horizontal line) and 
PTH (red line, with normal reference span il-
lustrated with thick pink horizontal line) over 
two years. Maximum iCa=1.53mmol/l and 
PTH=27.2pmol/l. An arrow indicates time-
point of operation. 
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The patient underwent subtotal parathyroidectomy with autotransplanta-
tion in the left arm’s brachioradialis muscle. The right thyroid lobe was 
deemed to be nodulous and therefore removed. Histopathology revealed 
hyperplasia in all three extirpated parathyroid glands, and as can be seen 
from Figure 9, depicting one of the glands, all glands were markedly en-
larged. No signs of malignancy could be detected. Transient hypocalcaemia 
was experienced by the patient which could be counteracted with the intake 
of dairy products. Supplementary calcium and vitamin-D was prescribed, 
and at latest follow-up the patient was normocalcaemic, euparathyroid and 
on all accounts feeling well. The patient declined participation in the current 
study in that he wanted to be operated on, but agreed to participate in the 
follow-up study. 

Results 
At this stage of the study, only de-
scriptive statistics are given. 
Eleven women and one man (me-
dian age=61 yrs, range=51-73yrs) 
have currently been enrolled, six 
patients in each arm of the study 
(Figure 7). Median treatment 
length was 21 years (range 11-30 
yrs). Hitherto, five patients have 
been operated. Ten patients had 
an essentially normal DEXA scan, 
though two patients – one in each 
arm of the study – showed signs 
of osteopenia. All electrocardio-
grams at the start of the study 
were normal.  All but one patient 
in the surgery group (Grp 1) and 
all patients in the watchful wait-
ing group (Grp 2) were hypercal-
caemic (Table 8). The patient in 

Grp 1 with TCa=2.46 also had PTH=16.1 simultaneously. Interestingly, 
four patients (33%) had urinary calcium excretion rates below 1.3 
mmol/24hr, but only one had elevated excretion rate. One patient had hy-
permagnesemia (1.07mmol/l), though most patients had magnesium deter-

Figure 9. One of three hyperplastic 
parathyroid glands extirpated from a 
58 yr old man who has medicated with 
lithium for 23 years. The gland is sub-
stantially enlarged, measuring approxi-
mately 2cm. 
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minations above 0.85mmol/l. Once again, apart from one patient with hy-
pophosphatemia, all participants had either normal or elevated serum phos-
phate determinations. During the initial clinical assessment, Grp 1 partici-
pants performed a median of 12 (0-20) sit-to-stand cycles (30-s chair stand 
test) and in Grp 2 the result was 11 (0-12). At study start, Grp 2 participants 
scored higher in MADR-S and AS-18, thereby indicating the presence of 
more distinct affective symptoms, though the symptom scale questionnaire 
was similar to Grp 1 (Table 9). Somewhat in contrast, Grp 2 reported higher 
values in vitality (VT), emotional role function (RE) and mental health 
(MH) than Grp 1.  

Of those five patients who underwent surgery, none had previously un-
dergone neck surgery. A total of 13 parathyroid glands were extirpated, two 
glands each in two cases (and in one of these cases only two glands could 
be identified), and three glands each in three cases. Histopathological ex-
amination revealed 11 hyperplastic glands (six with nodular hyperplasia), 
one adenoma and one judged to be normal. Interestingly, two patients un-
derwent hemithyroidectomy because of an apparent resistance identified 
perioperatively and which was later found to be follicular cancer. Sestamibi 
scanning gave incorrect predictive information in two cases and indicated 
no up-take in three cases. No complications to surgery, other than temporal 
hypocalcaemia, could be detected. Two separate episodes in two individuals 
of acute, though temporary, kidney dysfunction were detected during the 
study period. Creatinine in both these individuals has normalised. No pa-
tients thus far have shown signs of chronic kidney failure. 

At six months follow-up the 30-s chair stand test improved markedly in 
three participants in Grp 1, though remained unchanged in two. A slight 
improvement could also be seen in Grp 2. At latest follow-up, all operated 
patients were normocalcaemic and, based on clinical examination and 
health/symptom instruments, all were feeling well and improved health 
could be surmised. However, the patient where only two parathyroid glands 
were identified at the original operation had an elevated PTH at both fol-
low-up assessments, possibly indicating persistent disease. Of interest, one 
patient in Grp 2 became normocalcaemic at both occasions during follow-
up, though at the same time having a disproportionately high PTH (>15 
pmol/l). Regarding psychiatric well-being and quality of life, at 12 months 
follow-up Grp 1 participants scored lower on MADR-S and the symptom 
scale – though slightly higher in AS-18 – and increased values in all the 
domains of SF-36 that could be improved, with scores on a par with the 
reference population. In comparison, Grp 2 participants scored higher in 
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both MADR-S and AS-18, though lower in the symptom scale, with varying 
results in SF-36, reporting a slight improvement in general health (GH) but 
diminished mental health (MH).  

Discussion 
The current study is, as far as we know, the first prospective randomised 
surgical study to evaluate the benefits of parathyroidectomy in lithium-
treated patients with suspected LHPT. The study is ongoing, both in terms 
of evaluation and recruitment, so all results are highly preliminary. That 
said, a few points of interest seem to be emerging. 

The biochemical characterisation of LHPT tends to display normal to 
moderately elevated calcium and often with a disproportionately elevated 
PTH, normal or increased S-PO4 and Mg, normal or low (or indeed, very 
low) urinary calcium excretion rates (61, 105). This latter characteristic may 
explain the absence of nephrolithiasis in LHPT patients (59, 61, 136). In 
addition, as was illustrated in Paper III and in this study by the patient in 
Grp 2 who became normocalcaemic, biochemical fluctuations do occur 
which, in turn, may confuse or impede the diagnosis or adequate manage-
ment of the patient. This profile is in clear contrast to the fairly constant 
and, sometimes, continual progression of hypercalcaemia in patients with 
pHPT(63).  

The indication in Paper IV (75) that more radical surgery increased the 
possibility of cure, in terms of normocalcaemia, was the motivating factor 
in aiming to do BNE with subtotal or total parathyroidectomy with auto-
transplantation, as demonstrated in the case presentation. This approach is 
controversial, but since lithium-treatment is mostly life-long and LHPT is 
predominantly a MGD, there is a compelling need for this surgical strategy 
to be properly evaluated (77). In practice, more radical surgery is not always 
possible. One of the two patients in Grp 1 at latest follow-up could be 
classed as being normocalcaemic but also hyperparathyroid, with normal 
25-OH-D status. An optimal first operation is, of course, paramount. Pre-
operative Sestamibi scanning was, thus far, not shown to give instrumental 
guidance and one can question the benefit of routine imaging in this patient 
group if the surgical strategy is to be BNE(59). On the other hand, Carch-
man et al. (68) did report better results with preoperative imaging.  

Eleven (85%) of extirpated glands revealed the histopathological diagno-
sis hyperplasia. This confirms a series of antecedent studies characterising 
LHPT as MGD where the primary diagnosis is hyperplasia, most likely due 
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to lithium’s universal effects (58, 67, 109, 136). In this regard, it is some-
what bewildering why not all patients develop hypercalcaemia, some indeed 
remain euparathyroid throughout the entire treatment period with lithium. 
It must, therefore, be remembered that the patient may develop “true” 
pHPT, with the more prevalent histopathological diagnosis adenoma and 
fewer biochemical fluctuations, as in the other patient in Grp 1 at 12 months 
follow-up (80). This, of course, is speculative. 

Hypercalcaemia and HPT in lithium-treated patients is commonly de-
tected as a result of screening and seldom due to control and management 
of symptoms. There is often significant doctor’s delay due to the indetermi-
nate nature of symptoms and the interconnectivity with the individual pa-
tient’s affective disorder (68, 90, 102). Symptoms concerning tiredness and 
muscle fatigue frequently scored higher points in the symptom scale ques-
tionnaire in this study (Table 7). Tentative indications are given at follow-
up that the operated patients in this study may in general be feeling better 
(Table 9), also shown in studies of seemingly asymptomatic pHPT patients 
(137, 138), but these may also be transient effects of extra monitoring (85). 
It will be of great value and interest to evaluate well-being both at the end 
of the study period but also, for example, in five years’ time. 

Lastly, the final patient material will most likely be limited in terms of its 
dimensions. However, I am hopeful that the results will give new insights 
into the nature of LHPT and appropriate long-term management. Natu-
rally, any eventual insights would further be strengthened by multicentre, 
preferably international, studies.  
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Table 7. Patient questionnaire in Swedish for the evaluation of possible symptoms 
pertaining to LHPT. 
Tänk tillbaka på de senaste veckorna och besvara dessa frågor utifrån den grad du 
har upplevt symtomen, alltifrån inte alls till extremt mycket, från 0 till 10. Markera 
med ett kryss över svaret som stämmer bäst överens: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jag känner mig orkeslös. 
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 

 
 

Jag känner att jag har ”tappat livsgnistan”. 
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 

 
 

Jag har varit trött i musklerna, t.ex. svårare att resa mig ur fåtöljen eller ur bilen. 
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 

 
 

Jag har känt mig mer törstig än vanligt. 
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 

 
 

Jag har haft problem med förstoppning. 
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 

 
 

Jag har kissat mer än vanligt. 
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 
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Jag känner mig helt frisk. 
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 

 
 

Jag har känt av värk i lederna.  
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 

 
 

Jag har upplevt att jag är mer glömsk. 
 

      Inte alls              Mycket litet        Delvis           Ganska mycket     Extremt mycket 

 
 



52 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

Table 8. Clinical data for the twelve patients (11 women and one man; median age 
61 yrs) enrolled in the study up till now. Group 1 are patients randomized to surgery 
(op) where “Study start” values are pre-operative values and values at 6 months 
follow-up are postoperative. Group 2 are patients randomized to watchful waiting 
(w.w.). All values are given in median (ranges).  
 

Value, (ref.) Study start* 6 mths follow-up§ 12 mths follow-up¥ 
Group 1 

(op) 
Group 2 
(w.w.) 

Group 1 
(op) 

Group 2 
(w.w.) 

Group 1 
(op) 

Group 2 (w.w.) 

[Li], 
(0.5-0.9 mmol/l) 

0.6  
(0.5-0.6) 

0.6 
 (0.4-0.8) 

0.6 
(<0.2-0.9) 

0.6  
(0.5-0.8) 

0.7 
(<0.2-0.9) 

0.7 
(0.6-1.3) 

Creatinine,  
(45-90 µmol/l)¤ 

66 
(62-133) 

74  
(56-94) 

71  
(64-160) 

78  
(55-99) 

80 
(78-83) 

89  
(54-109) 

iCa,  
(1.15-
1.33mmol/l) 

1.37 
(1.31-1.49) 

1.4 
(1.33-1.43) 

1.21  
(1.17-1.22) 

1.39  
(1.21-1.43) 

1.23 
(1.23) 

1.43 
(1.34-1.47) 

TCa, 
(2.15-
2.50mmol/l) 

2.56 
(2.46-2.89) 

2.64 
(2.56-2.7) 

2.28  
(2.22-2.39) 

2.61 
(2.28-2.74) 

2.28 
(2.24-2.33) 

2.52 
(2.38-2.73) 

PTH,  
(1.6-6.0 pmol/l) 

11.2 
(6.1-16.9) 

11.8 
(7.6-19.1) 

6.7 
(4.7-10.6) 

10.5 
(6.7-15.8) 

8.1 
(5.2-11) 

9.7 
(6.7-16.1) 

tU-Ca,  
(1.3-
6.5mmol/24hr) 

5.7 
(0.8-7.5) 

1.5  
(1.1-6) 

 
_ 

 
_ 

 
_ 

 
_ 

TSH,  
(0.3-4.2 mlU/l) 

2.45 
(0.27-3.1) 

1.7 
 (0.95-2.7) 

3.4 
(0.17-5.3) 

1.35 
(0.5-3.9) 

1.24 
(0.59-1.9) 

1.15 
(0.98-3.7) 

S-PO(4), 
(0.8-1.5 mmol/l) 

0.94 
(0.64-1.65) 

1.00 
(0.85-1.18) 

1.12  
(0.93-1.18) 

0.94 
(0.9-1.19) 

1.16 
(1.1-1.22) 

0.94 
(0.82-1.12) 

25-OH-D, 
nmol/lχ 

61  
(47-100) 

63  
(34-90) 

81  
(56-89) 

65 
(52-82) 

79 
(70-88) 

67 
(45-100) 

Mg,  
(0.70-
0.95mmol/l) 

0.88 
(0.84-0.93) 

0.84 
(0.72-1.07) 

0.89 
(0.83-0.9) 

0.81  
(0.76-1.07) 

0.86 
(0.77-0.95) 

0.75 
(0.7-0.96) 

BMI, kg/m2 37.2 
(28.9-46.1) 

31.0 
(27.1-37.8) 

33.3 31.0 32.9 
(30.9-34.9) 

30.5 
(26.2-37.5) 

* Presentation of tests from 12 patients. 

§ Presentation of tests from 5 patients in group 1 and 6 patients in group 2. 

¥ Presentation of tests from 2 patients in group 1 and 5 patients in group 2. 

¤ Reference values for women are 45-90 µmol/l and for men 60-105 µmol/l. 

Χ Values over 50 nmol/l are most often considered as acceptable.  

 
 
 
 
 
 
 
 
 
 
 



ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

53 
  

Table 9. Results from symptom instruments (MADR-S, AS-18, symptom question-
naire (see Table 7)) and SF-36 QoL for the twelve patients (11 women and one man; 
median age 61 yrs) enrolled in the study up till now. Group 1 are patients random-
ized to surgery (op) where “Study start” values are pre-operative values and values 
at 12 months follow-up are postoperative. Group 2 are patients randomized to 
watchful waiting (w.w.). Normative values for a reference Swedish population are 
given for SF-36.  
 

Instrument  Study start* 12 mths follow-up¥ 

Ref. popula-

tion€ 

Group 1 (op) Group 2 (w.w) Group 1 (op) Group 2 (w.w) 

median (range) median (range) median (range) median (range) median (range) 

MADR-S  7 (1-25) 12.5 (2-24) 4 (4) 14 (6-25) 

AS-18  13 (8-39) 25.5 (6-38) 19 (9-29) 27 (7-38) 

Symptom scaleχ  47 (13-59) 46 (28-50) 16 (15-17) 28 (19-43) 

SF-

36 

PF 87.9 (0-100) 80 (25-95) 57.5 (30-85) 90 (90) 62.5 (45-90) 

RP 83.2 (0-100) 100 (0-100) 12.5 (0-75) 100 (100) 87.5 (25-100) 

BP 74.8 (0-100) 45 (37.5-100) 40 (12.5-90) 78.5 (57.5-100) 33.8 (10-65) 

GH 75.8 (0-100) 50 (25-85) 32.5 (15-85) 67.5 (65-70) 47.5 (35-60) 

VT 68.8 (0-100) 20 (10-80) 47.5 (35-85) 62.5 (60-65) 45 (10-70) 

SF 88.6 (0-100) 50 (25-100) 50 (50-100) 62.5 (50-75) 75 (0-100) 

RE 85.7 (0-100) 33.3 (0-33.3) 50 (33.3-66.6) 100 (100) 100 (100) 

MH 80.9 (0-100) 56 (24-84) 66 (36-88) 80 (76-74) 52 (28-84) 

* Presentation of tests from 12 patients. 

¥ Presentation of tests from 2 patients in group 1 and 5 patients in group 2. 

€ Reference values as presented in Sullivan et al. (1995)(134). 

Χ Symptom scale refers to the scale as presented in Table 7. 

SF-36 domains: PF=physical function, RP=role of function, BP=bodily pain, GH=general 

health, VT=vitality, SF=social function, RE=emotional role function, MH=mental health.  
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SUMMARY IN SWEDISH (sammanfattning på 
svenska) 
Den första studie som gav misstankar om att litium skulle kunna bidraga 
till en sjuklig störning i bisköldkörtlarna (paratyreoidea) publicerades redan 
år 1973. Sedan dess har ett relativt långsamt växande antal studier bekräftat 
de ursprungliga iakttagelserna och visat att förhöjt kalkvärde i blodet 
(hyperkalcemi) är vanligt förekommande hos patienter med kronisk litium-
behandling. Många frågor finns dock fortfarande obesvarade angående 
denna litium-associerade hyperparatyreoidism (LHPT) som verkar skilja sig 
från den sjukdom (primär hyperparatyreoidism, pHPT) som utvecklas hos 
människor utan litiummedicinering. Det gäller såväl förekomst, provsvar 
och patologifynd som resultaten av kirurgisk behandling.  
Syftet med denna avhandling är att beräkna förekomsten av LHPT, beskriva 
vad som kännetecknar sjukdomen utifrån laboratoriedata och patologiska 
fynd, samt att utifrån hittillsvarande resultat av kirurgisk behandling, 
kunna ge förslag på förbättrad handläggning. 

I den första studien ingick 423 litiumbehandlade patienter från Örebro 
län och Jönköpings kommun. För att rätt kunna uppskatta förekomsten av 
LHPT granskade vi patienternas journaler med särskilt fokus på blodpro-
ver, aktuella läkemedel och genomgångna operationer av bisköldkörtlarna. 
Vi fann att 77 patienter (18%) uppfyllde kriterierna för att misstänka 
LHPT, medan ytterligare 21% visade tecken på återkommande förhöjt 
kalkvärde i blodet. Endast fem patienter hade blivit opererade med borttag-
ning av bisköldkörtlar (s.k. paratyreoidektomi).  

Eftersom vissa tidigare studier givit misstanke om att det kanske är den 
bipolära sjukdomen i sig som orsakar störningarna i kalkomsättningen, 
analyserade vi därför i Studie II blodkalkprover från 313 litiumbehandlade 
bipolära patienter (BP) och jämförde dem med värdena hos 148 BP utan 
litium samt 102 individer utan känd psykiatrisk diagnos. Det visade sig att 
26% av BP med litium hade förhöjd kalknivå i blodet medan det inte fanns 
någon skillnad mellan BP utan litium (1,5%) och kontrollgruppen (3%). 
Dessutom presenterade vi resultat från 7 patienter som hade genomgått pa-
ratyreoidektomi. Analys av de borttagna bisköldkörtlar visade hyperplasi 
(vävnadsökning) till skillnad från adenom (benign tumör) som är vanligare 
vid pHPT. Alla 7 patienter uppvisade fortsatta tendenser till förhöjt kalk-
värde även efter operation. 

Under våra studier har vi ofta noterat att många litiumbehandlade pati-
enter har ganska kraftiga svängningar i sina blodkalkvärden. I Studie III 
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avsåg vi därför att i detalj beskriva svängningarna i blodkalkvärdena hos 
litiumbehandlade patienter över hela behandlingstiden. Samtliga 297 liti-
umbehandlade patienter, som hade ätit litium i minst 1,5 år, i Jönköpings 
kommun inkluderades. Totalt 8504 kalkvärden kunde hittas genom 
journalgranskning, inklusive 234 före litiumstart. 40% av patienterna hade 
störningar i sina kalkvärden: 102 patienter med upprepade förhöjda blod-
kalkvärden eller starkt misstänkt LHPT, dessutom 17 patienter med uppre-
pade tendenser till för lågt kalk. Vi presenterade resultat från totalt 16 pa-
ratyreoideaoperationer och de flesta borttagna körtlar visade tecken till hy-
perplasi.  

Studie IV utgör en långtidsuppföljning av 71 litiumpatienter som genom-
gått sammanlagt 78 paratyreoideaoperationer på sex olika svenska sjukhus 
i försök att bota deras LHPT. Endast 52% av dem blev långsiktigt botade, 
vilket står i skarpt kontrast till den kirurgiska behandlingen av pHPT där 
95–98% blir av med sin sjukdom.  Också i denne studie visade det sig att 
en majoritet av de sjuka bisköldkörtlarna var hyperplastiskt omvandlade. 
Vi kunde slutligen konstatera att man får ett bättre resultat av kirurgi om 
3–3½ bisköldkörtlar tas bort vid den första operationen.  

Vi planerar för ett fortsatt forskningsarbete med denna patientgrupp och 
har startat en randomiserad pilotstudie där patienter med LHPT erbjudes 
att deltaga. Patienterna randomiseras till operativ behandling eller uppfölj-
ning. Både grupperna följes standardiserat under två år varefter fysisk och 
psykisk funktion liksom livskvalité evalueras. Skulle patienter i gruppen ak-
tiv uppföljning försämras i sin labvärden kommer de att erbjudas operation 
innan studietiden löpt ut och likaså erbjudes de operation efter två år.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



56 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

Acknowledgements 
To all the participants in the studies, both completed and on-going, and 
staff members who have helped and continue to help every step of the way 
– I wish to extend my sincere gratitude.  
To Professor Göran Wallin, my main supervisor: from day one you have been 
supportive, encouraging, interested, always loyal. It has been a fantastic jour-
ney – one that will continue – and better company would be hard to find!  
To emeritus Professor Johannes Järhult, co-supervisor: you have spent a 
lifetime looking at the insides of people! But you have shown and taught me 
about the other, deeper dimensions of what it means to be a human being.  
I wish to thank warmly all the other co-authors of the papers presented in 
this thesis. Your contributions are greatly appreciated! 
A special thanks to Ms. Ruzan Udumyan, co-author of Paper II, for your 
indispensable assistance with statistical analyses in Papers I & II. 
For all my wonderful colleagues at the Department of Geriatrics at the Uni-
versity Hospital in Örebro.  I am so lucky to be a part of your working lives. 
Your dedication and warmth inspires me every day. 
A special thanks to Futurum Research Unit in Jönköping for considerable 
personal and economic support.  
Many thanks to the Research Committee at Region Örebro County Council 
for your economic support throughout the duration of these projects. 
To Lizber – my great aunt Elisabeth Campbell – who sent me on my journey 
of learning, and to whom this thesis is dedicated. 
To my mother, and father (now deceased, and who gave me my stethoscope 
which I use daily in clinical work), and to my big brothers John, Michael and 
Kevin (deceased), and big sister Sharon – for all your love throughout the years. 
To Fr. Jim High – for the single truth that I wouldn’t be here today were it 
not for you. Thank you. 
To Fr. Jim McCruden – a constant in my life – for all that you have given 
me and mean to me. Thank you. 
To Moira Henderson – fiercely loyal, always a source of good advice and 
comfort, faithful friend. Thank you. 
To Pia, my mother-in-law – what an exception to the rule! For all the laughs 
and happy moments, and all the other times! Thank you. 
Tae ma bairns: Molly, Jack, Martin and Catriona – whit did yi dae tae get 
a faither like me 😊😊? I love you desperately.  
And to the lassie that didn’t want to be mentioned – Anna, my wife. You made 
this possible more than anyone. You were right when named me COB (II). But 
I say as Byron, “Ah, Anna, what home could be mine but with you!” 



ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

57 
  

REFERENCES 
 
1. Zivanovic O. Lithium: A classic drug-Frequently discussed, but, 

sadly, seldom prescribed! Aust N Z J Psychiatry. 2017;51(9):886-
96. 

2. Strobusch AD, Jefferson JW. The checkered history of lithium in 
medicine. Pharm Hist. 1980;22(2):72-6. 

3. Schioldann J. History of the Introduction of Lithium into Medicine 
and Psychiatry. Australia: Adelaide Academic Press; 2009. 363 p. 

4. Yaksic A, Tilton JE. Using the cumulative availability curve to 
assess the threat of mineral depletion: The case of lithium. 
Resources Policy. 2009;34(4):185-94. 

5. Copeman WSC. A short history of the gout and rheumatic diseases. 
Berkeley, Calif.: California U.P; Cambridge U.P; 1964. 

6. Shorter E. The history of lithium therapy. Bipolar Disord. 2009;11 
Suppl 2:4-9. 

7. Parker G. John Cade. Am J Psychiatry. 2012;169(2):125-6. 
8. Cade JF. Lithium salts in the treatment of psychotic excitement. 

Med J Aust. 1949;2(10):349-52. 
9. Corcoran AC, Taylor RD, Page IH. Lithium poisoning from the use 

of salt substitutes. J Am Med Assoc. 1949;139(11):685-8. 
10. Cade JF. Lithium--when, why and how? Med J Aust. 

1975;1(22):684-6. 
11. Hartigan GP. THE USE OF LITHIUM SALTS IN AFFECTIVE 

DISORDERS. Br J Psychiatry. 1963;109:810-4. 
12. Schou M, Juel-Nielsen N, Stromgren E, Voldby H. The treatment 

of manic psychoses by the administration of lithium salts. J Neurol 
Neurosurg Psychiatry. 1954;17(4):250-60. 

13. Schou M. Forty years of lithium treatment. Arch Gen Psychiatry. 
1997;54(1):9-13; discussion 4-5. 

14. Mitchell PB, Hadzi-Pavlovic D. John Cade and the discovery of 
lithium treatment for manic depressive illness. Med J Aust. 
1999;171(5):262-4. 

15. Geddes JR, Miklowitz DJ. Treatment of bipolar disorder. The 
Lancet. 2013;381(9878):1672-82. 

16. Curran G, Ravindran A. Lithium for bipolar disorder: a review of 
the recent literature. Expert Rev Neurother. 2014;14(9):1079-98. 

17. Geddes JR, Goodwin GM, Rendell J, Azorin JM, Cipriani A, 
Ostacher MJ, et al. Lithium plus valproate combination therapy 
versus monotherapy for relapse prevention in bipolar I disorder 
(BALANCE): a randomised open-label trial. Lancet. 
2010;375(9712):385-95. 



58 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

18. Lewitzka U, Severus E, Bauer R, Ritter P, Muller-Oerlinghausen B, 
Bauer M. The suicide prevention effect of lithium: more than 20 
years of evidence-a narrative review. Int J Bipolar Disord. 
2015;3(1):32. 

19. Malhi GS, Geddes JR. Carving bipolarity using a lithium sword. Br 
J Psychiatry. 2014;205(5):337-9. 

20. Feldman MG, Pachman JS. Surgical management of lithium-
induced hypercalcemia. Conn Med. 1990;54(11):614-5. 

21. Dinan TG. Lithium in bipolar mood disorder. BMJ. 
2002;324(7344):989-90. 

22. Licht RW. Lithium: still a major option in the management of 
bipolar disorder. CNS Neurosci Ther. 2012;18(3):219-26. 

23. Karanti A, Kardell M, Lundberg U, Landen M. Changes in mood 
stabilizer prescription patterns in bipolar disorder. J Affect Disord. 
2016;195:50-6. 

24. Merikangas KR, Akiskal HS, Angst J, Greenberg PE, Hirschfeld 
RM, Petukhova M, et al. Lifetime and 12-month prevalence of 
bipolar spectrum disorder in the National Comorbidity Survey 
replication. Arch Gen Psychiatry. 2007;64(5):543-52. 

25. Merikangas KR, Lamers F. The 'true' prevalence of bipolar II 
disorder. Curr Opin Psychiatry. 2012;25(1):19-23. 

26. Angst J. The emerging epidemiology of hypomania and bipolar II 
disorder. J Affect Disord. 1998;50(2-3):143-51. 

27. Häggström L. Bipoläroboken : [nya rön och behandlingsstrategier 
för klinikern]. Sollentuna: Janssen-Cilag; 2007. 

28. Burgess S, Geddes J, Hawton K, Townsend E, Jamison K, Goodwin 
G. Lithium for maintenance treatment of mood disorders. 
Cochrane Database Syst Rev. 2001(3):Cd003013. 

29. Vieta E, Salagre E, Grande I, Carvalho AF, Fernandes BS, Berk M, 
et al. Early Intervention in Bipolar Disorder. Am J Psychiatry. 
2018:appiajp201717090972. 

30. NICE guidelines 38. Bipolar disorder: The management of bipolar 
disorder in adults, children and adolescents, in primary and 
secondary care 2006 [cited 2017 January 6]. Available from: 
https://www.nice.org.uk/Guidance/cg38. 

31. Ng F, Mammen OK, Wilting I, Sachs GS, Ferrier IN, Cassidy F, et 
al. The International Society for Bipolar Disorders (ISBD) 
consensus guidelines for the safety monitoring of bipolar disorder 
treatments. Bipolar Disord. 2009;11(6):559-95. 

32. Lally J, Lee B, McDonald C. Prevalence of hypercalcaemia in 
patients on maintenance lithium therapy monitored in primary 
care. Ir Med J. 2013;106(1):15-7. 

https://www.nice.org.uk/Guidance/cg38


ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

59 
  

33. Shapiro HI, Davis KA. Hypercalcemia and "primary" 
hyperparathyroidism during lithium therapy. Am J Psychiatry. 
2015;172(1):12-5. 

34. Hedaiaty M, Hedaiaty M. Hypercalcemia and 
hyperparathyroidism in long-term lithium administration. Journal 
of Parathyroid Disease. 2016;4(2):66-8. 

35. Parker GB, Graham RK, Tavella G. Is there consensus across 
international evidence-based guidelines for the management of 
bipolar disorder? Acta Psychiatr Scand. 2017;135(6):515-26. 

36. Kanba S, Kato T, Terao T, Yamada K, Committee for Treatment 
Guidelines of Mood Disorders JSoMD. Guideline for treatment of 
bipolar disorder by the Japanese Society of Mood Disorders, 2012. 
Psychiatry Clin Neurosci. 2013;67(5):285-300. 

37. 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. 

38. Ayano G. Bipolar Disorders and Lithium: Pharmacokinetics, 
Pharmacodynamics, Therapeutic Effects and Indications of 
Lithium: Review of Articles. Austin Journal of Psychiatry and 
Behavioral Sciences. 2016;3(2):01-8. 

39. Garfinkel PE, Ezrin C, Stancer HC. Hypothyroidism and 
hyperparathyroidism associated with lithium. Lancet. 
1973;2(7824):331-2. 

40. McHenry CR, Rosen IB, Rotstein LE, Forbath N, Walfish PG. 
Lithiumogenic disorders of the thyroid and parathyroid glands as 
surgical disease. Surgery. 1990;108(6):1001-5. 

41. Lin D. A Case of Hypercalcemia. The Medicine Forum. 
2001;3(1):5. 

42. Ralston S. Other causes of hypercalcemia. Clin Rev Bone Miner 
Metab. 2002;1(1):6. 

43. Powe NR, Peterson PG, Mark EJ. CASE RECORDS of the 
MASSACHUSETTS GENERAL HOSPITAL. Case 27-2015. A 78-
Year-Old Man with Hypercalcemia and Renal Failure. N Engl J 
Med. 2015;373(9):864-73. 

44. Westin G, Bjorklund P, Akerstrom G. Molecular genetics of 
parathyroid disease. World J Surg. 2009;33(11):2224-33. 

45. Kumar R, Thompson JR. The regulation of parathyroid hormone 
secretion and synthesis. J Am Soc Nephrol. 2011;22(2):216-24. 

46. Houillier P, Nicolet-Barousse L, Maruani G, Paillard M. What 
keeps serum calcium levels stable? Joint Bone Spine. 
2003;70(6):407-13. 

47. Moe SM. Disorders involving calcium, phosphorus, and 
magnesium. Prim Care. 2008;35(2):215-37, v-vi. 



60 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

48. Glendenning P, Inderjeeth CA. Controversy and consensus 
regarding vitamin D: Recent methodological changes and the risks 
and benefits of vitamin D supplementation. Crit Rev Clin Lab Sci. 
2016;53(1):13-28. 

49. Jorde R, Waterloo K, Saleh F, Haug E, Svartberg J. 
Neuropsychological function in relation to serum parathyroid 
hormone and serum 25-hydroxyvitamin D levels. The Tromso 
study. J Neurol. 2006;253(4):464-70. 

50. Humble MB, Gustafsson S, Bejerot S. Low serum levels of 25-
hydroxyvitamin D (25-OHD) among psychiatric out-patients in 
Sweden: relations with season, age, ethnic origin and psychiatric 
diagnosis. J Steroid Biochem Mol Biol. 2010;121(1-2):467-70. 

51. Koduah P, Paul F, Dorr JM. Vitamin D in the prevention, 
prediction and treatment of neurodegenerative and 
neuroinflammatory diseases. Epma j. 2017;8(4):313-25. 

52. Wimalawansa SJ. Vitamin D Adequacy and Improvements of 
Comorbidities in Persons with Intellectual Developmental 
Disabilities. Journal of Childhood & Developmental Disorders. 
2016;2(3). 

53. Stahl SM, Muntner N. Stahl's essential psychopharmacology : 
neuroscientific basis and practical application. Cambridge: 
Cambridge University Press; 2013. 

54. Jope RS. Anti-bipolar therapy: mechanism of action of lithium. Mol 
Psychiatry. 1999;4(2):117-28. 

55. Belmaker R, Agam G, Lenox R. Handbook of contemporary 
neuropharmacology. 2. Sibley DR, Hanin I, Kuhar M, Skolnick P, 
editors. Hoboken, N.J.: John Wiley & Sons; 2007. 

56. Brown KM, Tracy DK. Lithium: the pharmacodynamic actions of 
the amazing ion. Ther Adv Psychopharmacol. 2013;3(3):163-76. 

57. Szalat A, Mazeh H, Freund HR. Lithium-associated 
hyperparathyroidism: report of four cases and review of the 
literature. Eur J Endocrinol. 2009;160(2):317-23. 

58. Haden ST, Stoll AL, McCormick S, Scott J, Fuleihan Ge-H. 
Alterations in parathyroid dynamics in lithium-treated subjects. J 
Clin Endocrinol Metab. 1997;82(9):2844-8. 

59. Saunders BD, Saunders EF, Gauger PG. Lithium therapy and 
hyperparathyroidism: an evidence-based assessment. World J Surg. 
2009;33(11):2314-23. 

60. Magno AL, Ward BK, Ratajczak T. The calcium-sensing receptor: 
a molecular perspective. Endocr Rev. 2011;32(1):3-30. 

61. Livingstone C, Rampes H. Lithium: a review of its metabolic 
adverse effects. J Psychopharmacol. 2006;20(3):347-55. 



ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

61 
  

62. Barczynski M, Branstrom R, Dionigi G, Mihai R. Sporadic multiple 
parathyroid gland disease--a consensus report of the European 
Society of Endocrine Surgeons (ESES). Langenbecks Arch Surg. 
2015;400(8):887-905. 

63. Fraser WD. Hyperparathyroidism. Lancet. 2009;374(9684):145-
58. 

64. Nussbaum SR, Thompson AR, Hutcheson KA, Gaz RD, Wang CA. 
Intraoperative measurement of parathyroid hormone in the surgical 
management of hyperparathyroidism. Surgery. 1988;104(6):1121-
7. 

65. Ghandur-Mnaymneh L, Kimura N. The parathyroid adenoma. A 
histopathologic definition with a study of 172 cases of primary 
hyperparathyroidism. Am J Pathol. 1984;115(1):70-83. 

66. Ljungberg O. Riktlinjer för omhändertagande och rapportering av 
parathyreoideapreparat utformade av KVAST (Kvalitets- och 
standardiseringsgruppen inom Svensk Förening för Patologi. 
2006:9. 

67. Meehan AD, Humble MB, Yazarloo P, Jarhult J, Wallin G. Reply 
to Comments From Dr Lozano, et al--Concerning the Prevalence of 
Lithium-Associated Hyperparathyroidism. J Clin 
Psychopharmacol. 2016;36(2):191-2. 

68. Carchman E, Ogilvie J, Holst J, Yim J, Carty S. Appropriate 
surgical treatment of lithium-associated hyperparathyroidism. 
World J Surg. 2008;32(10):2195-9. 

69. Kandil E, Dackiw AP, Alabbas H, Abdullah O, Tufaro AP, Tufano 
RP. A profile of patients with hyperparathyroidism undergoing 
lithium therapy for affective psychiatric disorders. Head Neck. 
2011;33(7):925-7. 

70. Perera N, Gluch L, Crawford BA. Misleading parathyroid 
sestamibi scan in lithium users. Intern Med J. 2009;39(8):556-7. 

71. Christensson TA. Letter: Lithium, hypercalcaemia, and 
hyperparathyroidism. Lancet. 1976;2(7977):144. 

72. Awad S, Miskulin J, Thompson N. Parathyroid Adenomas versus 
Four-gland Hyperplasia as the Cause of Primary 
Hyperparathyroidism in Patients with Prolonged Lithium Therapy. 
World J Surg. 2003;27:3. 

73. Wade TJ, Yen TW, Amin AL, Evans DB, Wilson SD, Wang TS. 
Focused parathyroidectomy with intraoperative parathyroid 
hormone monitoring in patients with lithium-associated primary 
hyperparathyroidism. Surgery. 2013;153(5):718-22. 

 
 



62 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

74. Hundley JC, Woodrum DT, Saunders BD, Doherty GM, Gauger 
PG. Revisiting lithium-associated hyperparathyroidism in the era of 
intraoperative parathyroid hormone monitoring. Surgery. 
2005;138(6):1027-31; discussion 31-2. 

75. Jarhult J, Ander S, Asking B, Jansson S, Meehan A, Kristoffersson 
A, et al. Long-term results of surgery for lithium-associated 
hyperparathyroidism. Br J Surg. 2010;97(11):1680-5. 

76. Ballehaninna UK, Nguyen SM, Chamberlain RS. Lithium 
Associated Hyperparathyroidism: An Evidence Based Surgical 
Approach. Surgical Science. 2011;02(10):468-75. 

77. Skandarajah AR, Palazzo FF, Henry JF. Lithium-associated 
hyperparathyroidism: surgical strategies in the era of minimally 
invasive parathyroidectomy. World J Surg. 2011;35(11):2432-9. 

78. Marti JL, Yang CS, Carling T, Roman SA, Sosa JA, Donovan P, et 
al. Surgical approach and outcomes in patients with lithium-
associated hyperparathyroidism. Ann Surg Oncol. 
2012;19(11):3465-71. 

79. Norlen O, Sidhu S, Sywak M, Delbridge L. Long-term outcome 
after parathyroidectomy for lithium-induced hyperparathyroidism. 
Br J Surg. 2014;101(10):1252-6. 

80. Nordenstrom J, Strigard K, Perbeck L, Willems J, Bagedahl-
Strindlund M, Linder J. Hyperparathyroidism associated with 
treatment of manic-depressive disorders by lithium. Eur J Surg. 
1992;158(4):207-11. 

81. MacGregor GA. Hyperthyroidism and a parathyroid adenoma 
complicating lithium treatment. Lancet. 1977;2(8048):1129-30. 

82. Toffaletti J, McComb R, Bowers Jr G. Increase in dialyzable 
calcium associated with therapy with lithium. Clin Chem Lab Med. 
1979;25(10):4. 

83. Nordenström J. Körteljakten : en medicinsk historia. Stockholm: 
Karolinska institutet :; 2009. 

84. Harris R, Ryu H, Vu T, Kim E, Edeiken B, Grubbs EG, et al. 
Modern approach to surgical intervention of the thyroid and 
parathyroid glands. Semin Ultrasound CT MR. 2012;33(2):115-
22. 

85. Jarhult J. Prospective evaluation of symptom responses to 
successful operation for mild-moderate primary 
hyperparathyroidism. Scand J Surg. 2008;97(1):37-41. 

86. Adler JT, Sippel RS, Chen H. The influence of surgical approach 
on quality of life after parathyroid surgery. Ann Surg Oncol. 
2008;15(6):1559-65. 

 



ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

63 
  

87. Nilsson IL, Yin L, Lundgren E, Rastad J, Ekbom A. Clinical 
presentation of primary hyperparathyroidism in Europe--
nationwide cohort analysis on mortality from nonmalignant 
causes. J Bone Miner Res. 2002;17 Suppl 2:N68-74. 

88. Macfarlane DP, Yu N, Leese GP. Subclinical and asymptomatic 
parathyroid disease: implications of emerging data. Lancet 
Diabetes Endocrinol. 2013;1(4):329-40. 

89. Clarke BL. Epidemiology of primary hyperparathyroidism. J Clin 
Densitom. 2013;16(1):8-13. 

90. Abdullah H, Bliss R, Guinea AI, Delbridge L. Pathology and 
outcome of surgical treatment for lithium-associated 
hyperparathyroidism. Br J Surg. 1999;86(1):91-3. 

91. Viktil KK, Blix HS, Moger TA, Reikvam A. Polypharmacy as 
commonly defined is an indicator of limited value in the assessment 
of drug-related problems. Br J Clin Pharmacol. 2007;63(2):187-95. 

92. Ryden E, Thase ME, Straht D, Aberg-Wistedt A, Bejerot S, Landen 
M. A history of childhood attention-deficit hyperactivity disorder 
(ADHD) impacts clinical outcome in adult bipolar patients 
regardless of current ADHD. Acta Psychiatr Scand. 
2009;120(3):239-46. 

93. Jakobsson J, Bjerke M, Sahebi S, Isgren A, Ekman CJ, Sellgren C, 
et al. Monocyte and microglial activation in patients with mood-
stabilized bipolar disorder. J Psychiatry Neurosci. 2015;40(4):250-
8. 

94. Grootenboer EM, Giltay EJ, van der Lem R, van Veen T, van der 
Wee NJ, Zitman FG. Reliability and validity of the Global 
Assessment of Functioning Scale in clinical outpatients with 
depressive disorders. J Eval Clin Pract. 2012;18(2):502-7. 

95. Niederle B, Wemeau JL. Is surgery necessary for 'mild' or 
'asymptomatic' hyperparathyroidism? Eur J Endocrinol. 
2015;173(3):D13-20. 

96. Parfitt AM, Braunstein GD, Katz A. Radiation-associated 
hyperparathyroidism: comparison of adenoma growth rates, 
inferred from weight and duration of latency, with prevalence of 
mitosis. J Clin Endocrinol Metab. 1993;77(5):1318-22. 

97. DeLellis RA. Pathology and genetics of tumours of endocrine 
organs. Lyon: IARC Press; 2004. 

98. Bendz H, Sjodin I, Toss G, Berglund K. Hyperparathyroidism and 
long-term lithium therapy--a cross-sectional study and the effect of 
lithium withdrawal. J Intern Med. 1996;240(6):357-65. 

99. Broome JT, Solorzano CC. Lithium use and primary 
hyperparathyroidism. Endocr Pract. 2011;17 Suppl 1:31-5. 



64 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

100. Wolf ME, Moffat M, Mosnaim J, Dempsey S. Lithium therapy, 
hypercalcemia, and hyperparathyroidism. Am J Ther. 1997;4(9-
10):323-5. 

101. Miller PD, Dubovsky SL, Schrier RW, McDonald KM, Arnaud C. 
Hypocalciuric effect of lithium in man. Adv Exp Med Biol. 
1977;81:157-72. 

102. Twigt BA, Houweling BM, Vriens MR, Regeer EJ, Kupka RW, 
Rinkes IH, et al. Hypercalcemia in patients with bipolar disorder 
treated with lithium: a cross-sectional study. Int J Bipolar Disord. 
2013;1:18. 

103. Amaral LM, Queiroz DC, Marques TF, Mendes M, Bandeira F. 
Normocalcemic versus Hypercalcemic Primary 
Hyperparathyroidism: More Stone than Bone? J Osteoporos. 
2012;2012:128352. 

104. Lundgren E, Hagstrom EG, Lundin J, Winnerback K, Roos J, 
Ljunghall S, et al. Primary hyperparathyroidism revisited in 
menopausal women with serum calcium in the upper normal range 
at population-based screening 8 years ago. World J Surg. 
2002;26(8):931-6. 

105. Lehmann SW, Lee J. Lithium-associated hypercalcemia and 
hyperparathyroidism in the elderly: what do we know? J Affect 
Disord. 2013;146(2):151-7. 

106. Berger M, Riedel M, Tomova N, Obermeier M, Seemuller F, 
Dittmann S, et al. Do current screening recommendations allow for 
early detection of lithium-induced hyperparathyroidism in patients 
with bipolar disorder? Int J Bipolar Disord. 2013;1:7. 

107. Mak TW, Shek CC, Chow CC, Wing YK, 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. 

108. Albert U, De Cori D, Aguglia A, Barbaro F, Lanfranco F, Bogetto 
F, et al. Lithium-associated hyperparathyroidism and 
hypercalcaemia: a case-control cross-sectional study. J Affect 
Disord. 2013;151(2):786-90. 

109. McHenry CR, Lee K. Lithium therapy and disorders of the 
parathyroid glands. Endocr Pract. 1996;2(2):103-9. 

110. Garcia-Rizo C, Kirkpatrick B, Fernandez-Egea E, Oliveira C, 
Meseguer A, Grande I, et al. "Is bipolar disorder an endocrine 
condition?" Glucose abnormalities in bipolar disorder. Acta 
Psychiatr Scand. 2014;129(1):73-4. 

111. Identification of risk loci with shared effects on five major 
psychiatric disorders: a genome-wide analysis. Lancet. 
2013;381(9875):1371-9. 



ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

65 
  

112. Persson C, Kardell M, Karanti A, Isgren A, Annerbrink K, Landen 
M. [Prescribed drug use for bipolar disorder type I and II in clinical 
practice]. Lakartidningen. 2017;114. 

113. Albert U, De Cori D, Aguglia A, Barbaro F, Lanfranco F, Bogetto 
F, et al. Effects of maintenance lithium treatment on serum 
parathyroid hormone and calcium levels: a retrospective 
longitudinal naturalistic study. Neuropsychiatr Dis Treat. 
2015;11:1785-91. 

114. Christiansen C, Baastrup PC, Transbol I. Development of 'primary' 
hyperparathyroidism during lithium therapy: longitudinal study. 
Neuropsychobiology. 1980;6(5):280-3. 

115. Papa A, Bononi F, Sciubba S, Ursella S, Gentiloni-Silveri N. Primary 
hyperparathyroidism: acute paranoid psychosis. Am J Emerg Med. 
2003;21(3):250-1. 

116. Perrier ND. Asymptomatic hyperparathyroidism: a medical 
misnomer? Surgery. 2005;137(2):127-31. 

117. Parks KA, Parks CG, Onwuameze OE, Shrestha S. Psychiatric 
Complications of Primary Hyperparathyroidism and Mild 
Hypercalcemia. Am J Psychiatry. 2017;174(7):620-2. 

118. Rizwan MM, Perrier ND. Long-term lithium therapy leading to 
hyperparathyroidism: a case report. Perspect Psychiatr Care. 
2009;45(1):62-5. 

119. Lim JY, Herman MC, Bubis L, Epelboym I, Allendorf JD, Chabot 
JA, et al. Differences in single gland and multigland disease are seen 
in low biochemical profile primary hyperparathyroidism. Surgery. 
2017;161(1):70-7. 

120. Mallette LE, Eichhorn E. Effects of lithium carbonate on human 
calcium metabolism. Arch Intern Med. 1986;146(4):770-6. 

121. Gunn IR, Gaffney D. Clinical and laboratory features of calcium-
sensing receptor disorders: a systematic review. Ann Clin Biochem. 
2004;41(Pt 6):441-58. 

122. Martin PM, Stanley RE, Ross AP, Freitas AE, Moyer CE, 
Brumback AC, et al. DIXDC1 contributes to psychiatric 
susceptibility by regulating dendritic spine and glutamatergic 
synapse density via GSK3 and Wnt/beta-catenin signaling. Mol 
Psychiatry. 2018;23(2):467-75. 

123. Stancer HC, Forbath N. Hyperparathyroidism, hypothyroidism, 
and impaired renal function after 10 to 20 years of lithium 
treatment. Arch Intern Med. 1989;149(5):1042-5. 

124. Applewhite MK, Schneider DF. Mild primary 
hyperparathyroidism: a literature review. Oncologist. 
2014;19(9):919-29. 



66 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

125. Gregoor PS, de Jong GM. Lithium hypercalcemia, 
hyperparathyroidism, and cinacalcet. Kidney Int. 2007;71(5):470. 

126. Sloand JA, Shelly MA. Normalization of lithium-induced 
hypercalcemia and hyperparathyroidism with cinacalcet 
hydrochloride. Am J Kidney Dis. 2006;48(5):832-7. 

127. Meehan AD, Udumyan R, Kardell M, Landen M, Jarhult J, Wallin 
G. Lithium-Associated Hypercalcemia: Pathophysiology, 
Prevalence, Management. World J Surg. 2018;42(2):415-24. 

128. Johnson F. The History of Lithium Therapy. London: Palgrave 
Macmillan UK; 1984. XV, 215 p. 

129. Meehan AD, Humble MB, Yazarloo P, Jarhult 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. 

130. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure 
of lower body strength in community-residing older adults. Res Q 
Exerc Sport. 1999;70(2):113-9. 

131. Montgomery SA, Asberg M. A new depression scale designed to be 
sensitive to change. Br J Psychiatry. 1979;134:382-9. 

132. Adler M, Liberg B, Andersson S, Isacsson G, Hetta J. Development 
and validation of the Affective Self Rating Scale for manic, 
depressive, and mixed affective states. Nord J Psychiatry. 
2008;62(2):130-5. 

133. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health 
survey (SF-36). I. Conceptual framework and item selection. Med 
Care. 1992;30(6):473-83. 

134. Sullivan M, Karlsson J, Ware JE, Jr. The Swedish SF-36 Health 
Survey--I. Evaluation of data quality, scaling assumptions, 
reliability and construct validity across general populations in 
Sweden. Soc Sci Med. 1995;41(10):1349-58. 

135. Sullivan M, Karlsson J. The Swedish SF-36 Health Survey III. 
Evaluation of criterion-based validity: results from normative 
population. J Clin Epidemiol. 1998;51(11):1105-13. 

136. McHenry CR, Racke F, Meister M, Warnaka P, Sarasua M, 
Nemeth EF, et al. Lithium effects on dispersed bovine parathyroid 
cells grown in tissue culture. Surgery. 1991;110(6):1061-6. 

137. Ambrogini E, Cetani F, Cianferotti L, Vignali E, Banti C, Viccica 
G, et al. Surgery or surveillance for mild asymptomatic primary 
hyperparathyroidism: a prospective, randomized clinical trial. J 
Clin Endocrinol Metab. 2007;92(8):3114-21. 

 
 



ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

67 
  

138. Talpos GB, Bone HG, 3rd, Kleerekoper M, Phillips ER, Alam M, 
Honasoge M, et al. Randomized trial of parathyroidectomy in mild 
asymptomatic primary hyperparathyroidism: patient description 
and effects on the SF-36 health survey. Surgery. 2000;128(6):1013-
20;discussion 20-1. 

139. Ibrahim Y, Mohamed SE, Deniwar A, Al-Qurayshi ZH, Kandil E. 
Lithium-Associated Hyperparathyroidism: A Pooled Analysis. 
ORL J Otorhinolaryngol Relat Spec. 2015;77(5):273-80. 

140. Nair CG, Menon R, Jacob P, Babu M. Lithium-induced 
parathyroid dysfunction: A new case. Indian J Endocrinol Metab. 
2013;17(5):930-2. 

141. Rifai MA, Moles JK, Harrington DP. Lithium-induced 
hypercalcemia and parathyroid dysfunction. Psychosomatics. 
2001;42(4):359-61. 

142. Gama R, Wright J, Ferns G. An unusual case of hypercalcaemia. 
Postgrad Med J. 1999;75(890):769-70. 

143. de Celis G, Fiter M, Latorre X, Llebaria C. Oxyphilic parathyroid 
adenoma and lithium therapy. Lancet. 1998;352(9133):1070. 

144. Kallner G, Petterson U. Renal, thyroid and parathyroid function 
during lithium treatment: laboratory tests in 207 people treated for 
1-30 years. Acta Psychiatr Scand. 1995;91(1):48-51. 

145. Komatsu M, Shimizu H, Tsuruta T, Kato M, Fushimi T, Inoue K, 
et al. Effect of lithium on serum calcium level and parathyroid 
function in manic-depressive patients. Endocr J. 1995;42(5):691-5. 

146. Nordenstrom J, Elvius M, Bagedahl-Strindlund M, Zhao B, 
Torring O. Biochemical hyperparathyroidism and bone mineral 
status in patients treated long-term with lithium. Metabolism. 
1994;43(12):1563-7. 

147. Taylor JW, Bell AJ. Lithium-induced parathyroid dysfunction: a 
case report and review of the literature. Ann Pharmacother. 
1993;27(9):1040-3. 

148. Cairns SR, Wolman R, Lewis JG, Thakker R. Persistent 
nephrogenic diabetes insipidus, hyperparathyroidism, and 
hypothyroidism after lithium treatment. Br Med J (Clin Res Ed). 
1985;290(6467):516-7. 

149. Ananth J, Dubin SE. Lithium and symptomatic 
hyperparathyroidism. J R Soc Med. 1983;76(12):1026-9. 

150. Shen FH, Sherrard DJ. Lithium-induced hyperparathyroidism: an 
alteration of the "set-point". Ann Intern Med. 1982;96(1):63-5. 

151. Graze KK. Hyperparathyroidism in association with lithium 
therapy. J Clin Psychiatry. 1981;42(1):38-9. 



68 
 

ADRIAN MEEHAN   Lithium-associated hyperparathyroidism 
 

Appendix 1.  
An overview of the majority of studies and case presentations describing 
hypercalcaemia and/or hyperparathyroidism in patients with concomitant 
lithium therapy.  
F=female, M=male, mths=months, SGD=single glandular disease, 
MGD=multiglandular disease, DA=double adenoma, Li=lithium, HPT=hy-
perparathyroidism, MIP=minimal invasive parathyroidectomy. 

Re-
searcher, 
Country, 

Year 

Partici-
pants (n=) 

Study Design Study Details Prevalence 
(%), 

comment 

Prevalence Studies 

Meehan et al., 
Sweden, 2018 
(submitted) 

297 Retrospective analy-
sis 

16 parathyroidectomies revealing hyperplasia in 63% of 
extirpated glands; 6% with intermittent hypocalcaemia 

34% hypercal-
caemia or LHPT 

Meehan et al., 
Sweden, 
2017(127) 

313/148/102 Retrospective analy-
sis 

7 patients operated; MGD in 4 cases, persistent or recur-
rent disease in all 

26% hypercal-
caemia 

Meehan et al., 
Sweden, 2015 
(129) 

423 Cross-sectional Retrospective inspection; affective out-patient wards in 
two cities. 

18% LHPT; hy-
percalcaemia 

21% 
Lally et al., 
Ireland, 
2013(32) 

333 Cross-sectional Retrospective inspection; West Galway primary care 
catchment area. 

5.3% 

Surgical Studies 

Norlén et al., 
Australia, 
2014(79) 

45 Retrospective analy-
sis 

33F:15M. Median follow-up 5.9 yrs. SGD=44%, 
MGD=56%. Cure rate=84% 

15% 

Wade et al., 
USA, 
2013(73) 

19 Retrospective analy-
sis 

11 F, 8 M. Median 19 mths follow-up. MGD=32%, 
SGD=68%.  

“Low incidence” 

Marti et al., 
USA, 
2012(78) 

27 Retrospective analy-
sis  

22 F, 5 M. Median 7 mths follow-up. MGD=62%, 
SGD=38%. 

4-38% 

Skandarajah 
et al., 
UK/France, 
2011(77) 

15 Retrospective analy-
sis 

11 F, 4M. SGD=4 (27%), MGD=11 (73%) __ 

Kandil et al., 
USA, 
2011(69) 

7 Retrospective analy-
sis 

4 SGD, 1 DA, 2 MGD (1 re-operated) 10% hypercal-
caemia 

Järhult et al., 
Sweden, 
2010(75) 

71 Retrospective analy-
sis 

55 F, 16 M. SGD=45%, MGD=52%, DA=3%. Recur-
rence =42% 

10% 

Carchman et 
al., USA, 
2008(68) 

16 Retrospective analy-
sis 

13 F, 3M. SGD=75%, MGD=12%, DA=12%. 2 reoper-
ations. 

1.3% (incidence) 

Hundley et 
al., USA, 
2005(74) 

12 Retrospective analy-
sis 

10 F, 2M. MGD=50%. Recurrence in 2/10. 6 re-opera-
tions. 

2.7% 

Awad et al., 
USA, 
2003(72) 

15 Retrospective analy-
sis 

11 F, 4 M. 14 cases with adenomas, 2 with double ade-
nomas; 1 with MGD. 

4.3% (incidence) 

Abdullah et 
al., Australia, 
1999(90) 

11 Retrospective analy-
sis 

9 F, 2 M. SGD=6, MGD=5. Recurrence in 2. Hypercalcaemia 
in 20% 

Nordenström 
et al., Sweden, 
1992(80) 

6 Retrospective analy-
sis 

5 patients had MGD; 1 with SGD. Li duration may be 
important. 

__ 

McHenry et 
al., Canada, 
1990(40) 

7 Retrospective analy-
sis 

4 F, 3 M. 100% cured at 3mths follow-up.MGD=43%, 
SGD=57% 

__ 

Case studies/others 

Albert et al., 
Italy, 
2015(113) 

31 Naturalistic study No patient showed signs of hypercalcaemia. Normocalcaemic 
HPT=12.9% 

Ibrahim et al., 
USA, 
2015(139) 

210 Pooled analysis 12 studies included; SGD in 103 patients=49%; MIP rec-
ommended 

__ 
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Twigt et al., 
Holland, 
2013(102) 

314/15 Cross-sectional anal-
ysis 

Point prevalence hypercalcaemia 15.6% (Ca 
>2.60mmol/l) 

15.6% 

Albert et al., 
Italy, 
2013(108) 

58/54 Case control/cross-
sectional 

HPT= 8.6%, hypercalcaemia= 24.1% __ 

Nair et al., In-
dia, 
2013(140) 

1 Surgical case descrip-
tion 

Parathyroid carcinoma “rare” 

Ballehaninna 
et al., USA, 
2011(76) 

1 Case report & litera-
ture review 

Support for MGD and subtotal parathyroidectomy 4.3-6.3% 

Broome & 
Solorzano, 
USA, 
2011(99) 

__ Literature review MGD common.  6.3-50% 

Szalat et al., 
Israel, 
2009(57) 

4 Surgical case descrip-
tion 

2F, 2M. SGD=25%, MGD=25%, DA=25%. 4.3-6.3% 

Perera et al., 
Australia, 
2009(70) 

2 Surgical case descrip-
tion 

2 F. SGD, misleading sestamibi. Recurrence in both 
cases. 

3-6% 

Saunders et 
al., USA, 
2009(59) 

__ Evidence-based as-
sessment 

Support for screening.  __ 

Rizwan & 
Perrier, USA, 
2009(118) 

1 Surgical case descrip-
tion 

Adenoma; re-operated.  Hypercalcaemia 
in 

10-15% 
Rifai et al., 
USA, 
2001(141) 

1 Case presentation Lithium cessation; normocalcaemic at 1 yr follow-up 5-40% 

Gama et al., 
UK, 
1999(142) 

1 Case presentation Reversible condition after Li cessation pHPT more 
prevalent in Li 

patients 
De Celis et al., 
Spain, 
1998(143) 

1 Surgical case descrip-
tion 

Adenoma, but “parathyroid glands seemed enlarged”. 10% 

Mak et al., 
China, 
1998(107) 

53 2yr prospective lon-
gitudinal study 

Li treatment lead to PTH elevation, even at 6 mths fol-
low-up 

__ 

Wolf et al., 
USA, 
1997(100) 

1 Surgical case descrip-
tion 

MGD – hyperplasia 10 – 40% 

Kallner & Pet-
terson, Swe-
den, 
1995(144) 

207 Cross-sectional Parathyroid hormone elevated in 23% 25% hypercal-
caemia 

Komatsu et 
al., Japan, 
1995(145) 

13/19 Case control study No significant HPT or hypercalcaemia __ 

Bendz et al., 
Sweden, 
1996(98) 

8 Cross-sectional/ lith-
ium withdrawal 
study 

Prevalence of hypercalcaemia=4.5%, persistent hypercal-
caemia=3.6% 

2.7% (surgically 
verified) 

Nordenström 
et al., Sweden, 
1994(146) 

26 Cross-sectional/case-
control 

54% hypercalcaemic (ionized Ca), ± PTH. No bone re-
duction. 

Hypercalcaemia 
in 54% 

Taylor & Bell, 
USA, 
1993(147) 

1 Case presentation Normalization of lab values takes several weeks after 
cessation of Li. 

10% 

Feldman & 
Pachman, 
USA, 
1990(20) 

1 Surgical case descrip-
tion 

Subtotal parathyroidectomy: MGD 10% 

Stancer & 
Forbath, Can-
ada, 
1989(123) 

3/19 Surgical case descrip-
tion 

8(42%) with HPT; 3 underwent HPT operation- 2 with 
MGD, 1 SGD 

“unusually 
high”, 10% 

Cairns et al., 
UK, 
1985(148) 

1 Surgical case descrip-
tion 

Persistent nephrogenic DM, HPT hypothyroidism; MGD 
at surgery 

__ 

Ananth & 
Dubin, USA, 
1983(149) 

3 Case presentations; 
of which 2 surgical 

2/3 underwent surgery; adenoma found in each case. __ 

Shen & Sher-
rard, USA, 
1982(150) 

1 Case description Hypercalcaemia recurs intermittently; “set-point” altera-
tion proposed 

__ 

Graze KK, 
USA, 
1981(151) 

1 Surgical case descrip-
tion 

Hypercalcaemia after 1 yr Li treatment. SGD. __ 

Macgregor 
G.A., UK, 
1977(81) 

1 Case description Hypercalcaemia with Li introduction  __ 
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Christensson 
T.A.T., Swe-
den,1976(71) 

6 Retrospective case 
analysis 

Hypercalcaemia after a mean of 1 yr Li treatment. SGD 
in 4 cases. 

__ 

Garfinkel et 
al., Canada, 
1973(39) 

1 Case description 1 female with hypercalcaemia __ 
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