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Abstract

Despite one-quarter of patients with primary hyperparathyroidism (PHPT) experiencing psychiatric
symptoms, there remains a dearth of literature regarding the diagnosis and further management of
psychiatric sequelae in PHPT. We aim to review the literature pertaining to the epidemiology, disease
presentation, pathophysiology, diagnostics, and therapeutics regarding psychiatric sequelae of PHPT with
an emphasis on clinical pearls for practicing psychiatrists. A literature search was conducted using the US
National Library of Medicine’s PubMed resource using the following keywords in various combinations:
primary hyperparathyroidism, neuropsychiatric, calcium, psychosis, mania, depression, catatonia, delirium,
parathyroidectomy, and psychotropic medication. We discuss in depth all aspects of the diagnosis and
management of psychiatric sequela in PHPT. We have also identified epidemiological trends, discussed the
most common clinical presentations, and postulated possible mechanisms for psychiatric symptoms in
PHPT. Psychiatrists should maintain diagnostic suspicion for PHPT in older adult female patients presenting
with new-onset psychiatric illness. Several mechanisms involving the following may explain the variety of
psychiatric symptoms in PHPT: tyrosine hydroxylase, parathyroid hormone, interleukin-6, monoamine
oxidase, calcium, and the sodium-potassium adenosine triphosphatase transporter. We recommend
psychiatrists take a symptom-oriented approach to management. Treating a patient’s psychosis, mania,
depression, catatonia, delirium, or eating disorder pathology via conventional therapeutics seems like a
rational approach despite the underlying medical etiology. Only parathyroidectomy has been proven to be
definitive in the complete amelioration of psychiatric symptoms.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Psychiatry
Keywords: consultation liaison psychiatry, behavioral endocrinology, psychosomatic psychiatry, adult primary
hyperparathyroidism, clinical neuroscience

Introduction And Background

Primary hyperparathyroidism (PHPT) is a disease of autonomous excessive secretion of parathyroid
hormone (PTH) from pathologic parathyroid glands. It is the third most common endocrinological disorder
and costs the United States healthcare system hundreds of million dollars annually [1-2]. Unfortunately,
PHPT remains considerably under-diagnosed as only one-third of patients with hypercalcemia are evaluated
with a PTH level [3]. Additionally, despite one-quarter of patients with PHPT experiencing psychiatric
symptoms, there remains a dearth of literature regarding the diagnosis and further management of
psychiatric sequelae in PHPT [4]. To our knowledge, at the time of writing, the majority of psychiatric
literature on PHPT is several decades old and comprises mostly case reports. Moreover, none of the
published review articles comprehensively address the pathophysiology of PHPT-mediated psychiatric
disease or evaluate practical concerns in both diagnosis and psychiatric symptom management. This is
surprising considering the seemingly ubiquitous education of PHPT-related symptoms in medical schools
via the mnemonic “Stones, Bones, Groans, Moans,” with the “moan” component referring to psychiatric
manifestations. Hence, herein we aim to be the first to comprehensively synthesize and review the collective
literature pertaining to the epidemiology, disease presentation, pathophysiology, diagnostics, and
therapeutics regarding psychiatric sequelae of PHPT with an emphasis on clinical pearls for practicing
psychiatrists. Our hope is that this review will effectively fill knowledge gaps for curious clinicians as well as
provide intellectual scaffolding for future systematic and scientific investigations.

Review
Methods

We reviewed papers on the psychiatric diagnosis and management of PHPT. A literature search was
conducted in April 2021 using the US National Library of Medicine’s PubMed.gov resource
(https://www.ncbi.nlm.nih.gov/pubmed). The following keywords in various combinations were searched:
primary hyperparathyroidism, neuropsychiatric, calcium, psychosis, mania, depression, catatonia, delirium,
parathyroidectomy, and psychotropic medication. Additional studies were identified by examining the
reference lists of searched articles. Due to the relative lack of controlled studies, we included case reports.
We excluded papers related to lithium-induced hyperparathyroidism as it has a distinct pathophysiology and
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we sought to limit confounding variables [5]. A consort diagram depicting our literature search can be found
in Figure 1. Of note, this review did not utilize the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) because of the limitations of the existing literature within this subject. As a result,
we focused primarily on describing and synthesizing major findings as opposed to formally evaluating
literature quality with an evidence-based rating scale. For comprehensiveness, especially regarding the non-
psychiatric components of our review, we sourced literature from medical and basic science journals.

Total papers identified using
United States National Library of
Medicine’s PubMed Database

=12,136
Papers not related to psychiatric
> aspects of Primary
Hyperparathyroidism
=11.983
A4

Papers identified pertaining to
the psychiatric aspects of
Primary Hyperparathyroidism
=153

Papers pertaining to lithium
induced Hyperparathyroidism
=77

\ 4

Y
Papers focused on psychiatric aspects

of Primary Hyperparathyroidism
=76

FIGURE 1: Consort diagram depicting our identification of papers
focusing on psychiatric aspects of primary hyperparathyroidism

Discussion
Epidemiology

PHPT is the third most common endocrinological disorder behind thyroid disease and diabetes mellitus
[6]. It has an estimated prevalence of 0.86% and is the most common cause of hypercalcemia [3,7]. In fact,
PHPT is the underlying etiology of hypercalcemia in approximately 43% of patients [3]. There are notable
trends within PHPT incidence and prevalence data that provide insights into disease risk factors and
highlight specific patient populations in which clinicians should maintain high diagnostic suspicion.

Prior research has established associations of biological sex, age, and race with the incidence of PHPT. In the
largest epidemiological study to date, Yeh et al. reported an age-dependent phenomenon where incidence is
similar across sexes among those <50 years old (~12-24 per 100,000 person-years) but diverges when
examining patients >50 years old. While they found the incidence of PHPT to increase in both sexes with
increasing age, this increase is more substantial in females. In fact, for patients in the eighth decade of life,
the incidence of PHPT was found to be approximately 95 and 196 per 100,000 person-years for males and
females, respectively. Additionally, among racial groups, Blacks were noted to have significantly increased
incidence and prevalence when compared to Whites, Asians, and Hispanics [8]. Considering this,
psychiatrists should maintain diagnostic suspicion for PHPT in geriatric Black female patients presenting
with psychiatric complaints.

Interestingly, while the pathophysiological underpinnings of race-associated differences in PHPT
epidemiology remain uncertain, there have been several postulates within the literature attempting to
ascertain the mechanistic relationship between patient age and incidence of PHPT. From a diagnostic
perspective, increased osteoporosis screening among older adults has been identified as a contributor to
age-dependent increases in incidence data [9]. Furthermore, it is important to note that age-related changes
in PHPT incidence are not associated with renal impairment or vitamin D imbalance. Rather, complex
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estrogen-mediated mechanisms have been implicated, which may explain an increased incidence in females
[10-12]. There have not been any identified psychiatric diseases known to us that confer a higher risk of
PHPT. However, this may be a result of limited research.

Clinical Presentation

Psychiatric manifestations of PHPT are variable and can include the following symptomatology: depression,
mania, psychosis, catatonia, and delirium [4,13,14]. Most case reports document symptom onset over the
course of weeks to months. There have been several studies evaluating the commonality of different
psychiatric symptoms in PHPT; however, the majority have small sample sizes and ill-defined methodology.
The largest and most robust study into PHPT psychiatric symptomatology was by Joborn et al. that included
a total of 441 patients. They found that approximately a quarter of the patients they evaluated with PHPT
exhibited psychiatric symptoms. Consistent with epidemiological data, the majority of these patients were in
their eighth decade of life. The most common reported psychiatric symptoms were fatigue, memory
impairment, concentration difficulties, sadness, anxiety, and insomnia. Depressive states were found to
manifest in around 75% of patients, while delirium and psychosis were less frequent at around 20% and 3%,
respectively [4]. Mania and catatonia have only been documented in a few case studies of patients with
PHPT, so it is likely they are less common than the aforementioned symptoms [13,14] Even rarer are
presentations of eating disorders, as only one case has been reported within the literature [15]. To our
knowledge, there has not been any documented presentations of PHTP manifesting with obsessive-
compulsive and related disorders, trauma and stressor-related disorders, impulse control disorders,
paraphilic disorders, or personality disorders. Considering the limitations of existing research, it is possible
the frequency of various psychiatric symptoms differs in clinical practice from what we described herein.
While depressive presentations are most likely, given the heterogeneity of psychiatric symptomatology in
PHPT, psychiatrists should entertain the possibility of a diagnosis in alternative clinical scenarios -
especially in older adult patients presenting with new-onset psychiatric illness.

Pathophysiology

PHPT most commonly results from sporadic adenomas in approximately 85% of cases. Alternative
pathologies such as hyperplasia and multiple adenomas are less likely, with parathyroid carcinoma being the
rarest etiology. Despite numerous identified genetic risk factors for the disorder, the majority of patients
with PHPT are without a family history of parathyroid disease or other endocrine pathology [16]. When
considering the underlying pathophysiology of psychiatric symptoms in PHPT, it is likely the mechanistic
underpinnings are multifactorial - especially given the substantial diversity of clinical presentations. While
several publications have offered postulates on how different components of PHPT can contribute to mental
illness, none to our knowledge have developed a cohesive theoretical framework explaining the multitude of
psychiatric presentations from a single disease entity [17-19]. However, when evaluating the clinical
literature alongside the basic science research, a hypothetical model explaining PHPT-induced psychiatric
symptoms can be synthesized.

The majority of research into PHPT-induced psychiatric symptoms converges on a monoamine hypothesis
[18,19]. Generally, when considering the available research, two pathophysiological themes emerge centered
on effects of PHPT that either increase or decrease monoamine neurotransmission. The combination of
these components along with each patient’s unique neural architecture is likely sufficient to explain the
variability of clinical presentations. In our review of the literature, we have identified six total variables:
tyrosine hydroxylase, PTH, interleukin-6 (IL-6), monoamine oxidase (MAO), calcium, and the sodium-
potassium adenosine triphosphatase transporter (Na/K-ATPase). See Figure 2 for the proposed
pathophysiological processes underlying psychiatric symptoms in PHPT.
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FIGURE 2: Proposed pathophysiologic correlates of psychiatric
symptomatology in primary hyperparathyroidism

BBB = blood brain barrier, PTH = parathyroid hormone, IL-6 = interleukin-6, Na/K-ATPase = sodium-potassium
adenosine triphosphatase transporter, MAO = monoamine oxidase, PTH2R = PTH2 receptors, ??? = unknown
mechanisms

Biological factors increasing monoamine neurotransmission include decreased MAO function, decreased
Na/K-ATPase function, and increased synaptic calcium. Hypercalcemic states have been implicated in
impairing MAO enzymatic activity via reducing substrate affinity and consequently allowing for a theoretical
increase in the transmission of monoamines such as serotonin, norepinephrine, and dopamine [20].
Additionally, via unknown mechanisms, PTH has been demonstrated to inhibit Na/K-ATPase-dependent
reuptake of synaptic norepinephrine resulting in increased concentrations within the synaptic cleft [21].
Finally, hypercalcemia is suggested to increase monoamine neurotransmission via presynaptic calcium
influx and subsequent calcium- dependent synaptic vesicle release [13].

Biological factors decreasing monoamine neurotransmission include decreased tyrosine hydroxylase
function, increased cerebral PTH, and increased IL-6 levels. Tyrosine hydroxylase function has been found
to be impaired in hypercalcemic states via unknown mechanisms and leads to decreased levels of
norepinephrine and dopamine [20]. With regard to PTH, it has been demonstrated to cross the blood brain
barrier and be associated with depressed states independent of hypercalcemia or calciferol [22-24]. Also,
since PTH is a ligand for PTH2 receptors localized to the limbic system, this may be a pathway for its
psychiatric effects [25]. PTH-dependent neuropsychiatric effects may also be mediated by monoamines given
altered levels of cerebrospinal fluid 5-hydroxyindoleacetic acid and homovanillic acid found in
hyperparathyroidism [19]. Additionally, PTH may be implicated with increases in cytokines such as IL-6 that
can mediate monoamine neurotransmission and has been associated with depression [26, 27].

Considering the aforementioned processes, it is possible to speculate that PHPT-mediated elevations in
monoamine neurotransmission may be responsible for psychotic and manic presentations. Conversely,
PHPT-mediated decreases in monoamine neurotransmission may be responsible for depressed
presentations. In addition to being influenced by aberrant monoamine neurotransmission, PHPT-related
delirium may also be influenced by calcium levels, as concentrations above >13.5 mg/dL have been
demonstrated to cause stupor [28]. While catatonia and eating disorders have complex neurobiology, both
have monoamines implicated in their pathophysiology which can be affected in PHPT [15,29]. Aside from
monoamine modulation, PHPT may have alternative mechanisms of inducing psychiatric symptoms since
calcium is a secondary messenger and can influence a variety of neurobiological processes [30]. Calcium
may even have concentration-dependent effects on psychiatric manifestations; however, there is alternative
literature disputing this [4,19]. Regardless of the exact pathophysiology, there are multiple neurobiological
processes sufficient to explain the diversity of psychiatric pathology found in PHPT.

Diagnosis

From a medical symptom perspective, complaints of fatigue, weakness, back pain, and joint pain most
commonly present in over 50% of cases. Other frequent medical symptoms include polyuria, constipation,
and pruritus. Furthermore, diagnostic suspicion should be maintained in patients with nephrolithiasis, bone
fractures, gastric ulcers, hypertension, gout, and pancreatitis [31]. Obtaining a serum calcium is the first step
in the evaluation of possible PHPT. Levels above 10.3 mg/dL should be repeated and corrected for albumin
before conferring a diagnosis of hypercalcemia. There is a considerable amount of literature discussing the
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utility of measuring ionized calcium as it is more sensitive than serum calcium. However, serum calcium
remains a reasonable first line assessment [32]. Determining PTH levels is the next step and levels above 65
pg/mL confirm the diagnosis of PHPT. PTH levels bordering the upper limit of normal can still be diagnostic
of PHPT, but in these cases, the possibility of familial hypocalciuric hypercalcemia should be considered and
additional diagnostics should be completed. Low serum levels of PTH (<20 pg/mL) necessitate additional
workup for other pathology including malignancy, vitamin D intoxication, and chronic granulomatous
disease [33-35]. In patients with high clinical suspicion of PHPT, there may be an indication to obtain a PTH
level in the absence of hypercalcemia, as this can represent early disease or a normocalcemic variant of
PHPT [36]. Of note, PHPT is a biochemical diagnosis and does not require imaging. Once the diagnosis of
PHPT is made, preoperative localization studies such as ultrasound or sestamibi scan can then be utilized in
preparation for surgical resection [37]. PHPT remains under-diagnosed as two-thirds of hypercalcemic
patients will never be evaluated for elevated PTH [3]. Therefore, completing the aforementioned workup in
patients with hypercalcemia is essential to their psychiatric care, especially when it remains unlikely that a
full evaluation will be completed by alternative providers. See Figure 5 for a diagnostic schematic for

hypercalcemia.
PTH
Upper Normal ey | PHPT vs FHH
-or-
Mildly Elevated
PTH <20 pg/mL Malignancy
Repeat Corrected Calcium >10.3 mg/dL » Vitamin D Intoxication
Granulomatous Disease

PTH >65 pg/mL

PHPT

FIGURE 3: General diagnostic schema for hypercalcemia

Of note, this does not account for clinical scenarios where ionized calcium measurements may be indicated, for
cases of early disease, or normocalcemic variants of primary hyperparathyroidism.

PHPT = primary hyperparathyroidism, PTH = parathyroid hormone, FHH = familial hypocalciuric hypercalcemia

Management

The medical management of PHPT involves both pharmacologic and nonpharmacologic strategies.
Generally, it is recommended to encourage adequate hydration to minimize the risk of nephrolithiasis,
physical activity to reduce bone resorption, and maintaining intake of Vitamin D and calcium, as diminished
consumption can further exacerbate aberrant PTH secretion. Avoiding hypercalcemia-inducing medications
such as thiazide diuretics and lithium is also advisable. Pharmacologic interventions include
bisphosphonates or calcimimetic monotherapy. In treatment refractory patients, combination therapy with
both a bisphosophonate and calcimimetic can be employed. Estrogens and selective estrogen receptor
modulators can also be used as therapeutics; however, these hormonal treatments have substantial risks and
should only be utilized as last resort pharmacotherapy [34]. It remains unclear the degree of effect these
treatments have on the psychiatric elements of PHPT.

Unfortunately, there is a scarcity of literature surrounding the psychopharmacologic management of
patients with psychiatric manifestations of PHPT. Pimozide and verapamil have been proposed by several
publications as they both have central calcium channel blocking properties [38]. By this logic, psychotropics
such as gabapentin and lamotrigine may also have efficacy given their modulatory effects on calcium
channels [39,40]. However, at the time of writing, there have been no randomized controlled trials
evaluating the efficacy of various psychotropics or official consensus guidelines in the psychiatric
management of PHPT. Therefore, we recommend psychiatrists take a symptom-oriented approach to
management. Treating a patient’s psychosis, mania, depression, catatonia, delirium, or eating disorder
pathology via conventional therapeutics seems like a rational approach despite the underlying medical
etiology. Limiting the use of lithium, if possible, would be advisable given its propensity to exacerbate
hyperparathyroidism [41]. Implementing theory-based treatments such as pimozide, verapamil, lamotrigine,
or gabapentin into management may be appealing, but should be done only if the patient’s symptomatology
permits. Of course, providers should expect reduced treatment responses to psychopharmacological
interventions given that only a parathyroidectomy has been proven to fully ameliorate psychiatric symptoms
in PHPT.

Surgical care of patients with PHPT includes parathyroidectomy that is indicated for patients with
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symptomatic disease. Historically, the definition of symptomatic disease was limited to symptomatic
hypercalcemia, nephrolithiasis, and bone fractures [34]. The 2014 International Workshop guidelines for
asymptomatic disease expanded the indications for parathyroidectomy by including additional parameters
such as presence of vertebral fracture, a significant reduction in bone mineral density, creatinine clearance
<60 cc/min, or an increase in serum calcium of >1 mg/dL above the upper limit of normal. Of note,
neuropsychiatric symptoms were left out as a surgical indication despite their ubiquity and significant
burden on patients [42]. Since then, several studies have recognized the efficacy of parathyroidectomy in
ameliorating PHPT-induced psychiatric symptoms [26,41]. In a large prospective study, Liu et al.
demonstrated a significant reduction in depressive and anxious symptoms post-parathyroidectomy and
recommended considering neuropsychiatric symptoms as a relative indication for surgical intervention [43].
Some publications estimate that psychiatric symptoms resolve over the course of weeks to months after
parathyroidectomy [26]. This has been consistent with our own personal clinical experience. At this time, it
is unclear if certain psychiatric symptoms are more likely to resolve with surgery. In summary, we
recommend psychiatrists consider surgical intervention in patients with clinically significant psychiatric
symptoms. Collaboration with our surgical and endocrinological colleagues when discussing the risks and
benefits of parathyroidectomy is advisable.

Strengths and Limitations

Our thorough synthesis of the literature related to the epidemiology, presentation, pathophysiology,
diagnostics, and therapeutics of psychiatric sequelae in PHPT is a major strength of our paper, especially
considering there is no review with equivalent comprehensiveness currently known to us. Despite this,
limitations of this review include the advanced age of many sources and that we did not formally evaluate
literature quality with an evidence-based rating scale. Shortcomings in the quantity of recent research
restricted our ability to include more contemporary papers and as a result this limitation would be present in
any current review. Notably, only 17 of the 76 identified papers in our search were published within the last
10 years. Consequently, this limits the value of pursuing any formal scoring of literature rigorousness,
especially considering case reports comprise a significant portion of the psychiatric literature within the
subject.

Conclusions

PHPT is an important component of the psychiatric differential diagnosis, especially in older adult females
with new-onset mental illness. Clinicians should appreciate the heterogenic breadth of psychiatric
presentations associated with PHPT and maintain high diagnostic suspicion for the illness, particularly in
patients with hypercalcemia. Completing appropriate laboratory evaluations is essential, as the majority of
PHPT remains undiagnosed. Parathyroidectomy remains the most effective therapeutic intervention for
psychiatric symptoms associated with PHPT; however, perhaps targeted psychotropic interventions can be
utilized instead of a symptom-oriented approach as disease pathophysiology is further elucidated. In the
future, systemic measures to reduce under-diagnosis in psychiatric patients as well as obtaining more
prognostic data on various treatment outcomes would be beneficial.
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