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Introduction The secretion of PTH is regulated by a negative feedback
mechanism. As serum calcium levels decrease the calcium receptors
located on the parathyroid chief cells stimulate the parathyroid
glands to increase PTH secretion. Conversely, as calcium levels rise,

Primary Hyperparathyroidism (PHPT) is a disorder effecting
0.2-3% of the population [1] and is characterized by elevated
serum calcium in the setting of an inappropriately non-suppressed
Parathyroid Hormone (PTH) level. Classically, patients with PHPT
presented with the repercussions of longstanding bone turnover
such as osteoporosis, fractures, and nephrolithiasis [2]. Today,
patients with PHPT are usually discovered on routine biochemical —
screening and many are considered “asymptomatic” because they Caz
lack the common repercussions of calcium dysregulation. Many of \

the calcium receptors shut down PTH secretion to maintain calcium
levels at an appropriate set point. PHPT occurs as the result of the

these “asymptomatic” patients suffer from vague psychiatric and
neurocognitive symptoms including: depression, anxiety, fatigue,
weakness, problems with word finding and sleep disturbances [3,4]. (Caletcol) Parathyroid Glands

Such symptoms have long been associated with PHPT, however et Increased PTH
the mechanisms such psychiatric and neurocognitive dysfunction

exclusive and the appropriate treatment remains a topic of debate
[5,6]. The purpose of this review is to describe the current thoughts
on the evaluation and management of patients with psychiatric and

neurocognitive manifestations of PHPT.
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The parathyroid glands are located in the neck and typically

lye adjacent to the thyroid. They are the chief regulators of calcium
homeostasis in the body and function through the secretion of
PTH. PTH is probably the most important regulator of calcium
metabolism and works predominately by stimulating osteoclasts to
resort bone, therefore increasing serum calcium and phosphorus

levels. PTH also activates 1-a -hydroxylase in the kidney, which
catalyzes the conversion of non-active 25-Hydroxy (25-OH) vitamin
D to activated 1,25 dihydroxy (1,25-OH) vitamin D. This leads to Increased Cat* and PO,
increased absorption of calcium and phosphorus in the gut. Finally, \oimel et reored)
PTH increases reabsorption of calcium and decreases reabsorption of
phosphorus in the kidney (Figure 1).

Figure 1: Physiology of calcium homeostasis in the body.
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Figure 2: Pathophysiology of primary hyperparathyroidism.

uncontrolled, autonomous secretion PTH that is not responsive
to its usual negative feedback mechanism. In patients with PHPT,
continued secretion of PTH despite an elevated calcium level leads to
inappropriate removal of calcium from the bones and excretion via
the urinary system. This can lead to osteoporosis and kidney stones
(Figure 2).

In approximately 80-85% of patients, PHPT is the result of
a single enlarged parathyroid adenoma that over secretes PTH.
Approximately, 15% - 20% of patients have more than one enlarged
parathyroid gland, which may be the result of multiple adenomas or
four-gland hyperplasia [7]. Parathyroid cancer is rare and accounts
for <1% of all PHPT.

Mechanisms of Neurocognitive Changes

The mechanisms of PHPT in psychiatric and neurocognitive
dysfunction have yet to be fully elucidated. While elevated serum
PTH and calcium levels are likely to play a major role in the clinical
manifestation of PHPT, the neurocognitive deficits seen are likely
the results of a complex interplay of multiple biochemical pathways.
This is probably the reason that many researchers have found no
correlation with calcium or PTH levels and the severity of neurologic
symptoms [8,9].

Calcium

The effect of calcium on the nervous system is well established.
Calcium plays a crucial role in nerve impulse conduction, regulation
of neurotransmitter release, extracellular messaging and more.
Hypocalcaemia can lead to seizures, tetany, paresthesias, irritability,
and depression. Conversely, hypocalcaemia can result in somnolence,
encephalopathy or coma [2]. Despite the large amount of information
gathered on the neuronal actions of calcium, relatively little is known
about the direct effects of extracellular calcium concentrations on
neuronal and synaptic function. It is largely accepted that calcium
in the Cerebral Spinal Fluid (CSF) is regulated independently from
calcium in the bloodstream [10,5]. Although some researchers have
reported a correlation between an increased concentration of serum
calcium and high levels of calcium in the CSF, it is unclear whether
this relationship is physiologic or secondary to the detrimental effect
of calcium on the integrity of blood-brain barrier [11,12].

Using transcranial magnetic stimulation, Iacovelli et al., assessed
changes in cortical exitability over the primary motor area in
patients with hypocalcaemia. Patients with chronic hypocalcaemia
and acute hypocalcaemia were compared with normal controls.
While delivering stimulation during rest and sustained voluntary
contraction of the target muscle, the authors measured changes in
resting motor threshold, Motor Endplate Potential (MEP), and
cortical silent periods. Their findings indicated that acute and
chronic hypocalcaemia significantly decreased the MEP amplitude
proportional to calcium levels. Furthermore, repeated experiments
following Parathyroidectomy (PTX) showed normalized MEP
facilitation in PHPT patients. This data indicates that calcium levels
likely play a role in short-term synaptic plasticity. They hypothesize
that ionized calcium alters synaptic plasticity either through altering
the N-Methyl-D-Aspartate Receptor (NMDA) receptor or by
depressing sodium current [5].

Using Single-Photon Emission Computed Tomography
(SPECT), Mjaland et al, found reduced cerebral blood flow in
PHPT patients, which improved in 13 of 14 patients following
successful PTX. Eight of those 13 patients experienced pathological
depression before surgery. Seven of those eight exhibited normalized
depression scores following PTX [13]. Perrier et al., conducted a
pilot study of six patients using fMRI to detect regional changes in
cerebral oxygenation levels in patients with PHPT. The authors noted
generalized improvement in cognitive functions and postoperative
oxygenation changes in different cortical areas following PTX [14].

Parathyroid hormone

The role of PTH in neurological function remains largely
unknown, however it has been hypothesized that PTH acts both
directly and indirectly on the nervous system [2]. There are three
types of PTH receptors and studies have demonstrated that both PTH
Type 1 Receptor (PTH1R) and PTH Type 2 Receptors (PTH2R) are
distributed in the central nervous system [15].

There is evidence, mostly in animal studies, that PTH directly
increases dopamine turnover and neurotransmitter release, both of
which are implicated in learning and memory [16]. There are also
studies that implicate the role of PTH2R in behavior and anxiety [17].
The interaction between PTH and the blood brain barrier, however,
remains a mystery.

PTH exerts a variety of secondary effects. One of these involves
the production of Interleukin-6 (IL-6). Patients with PHPT have been
shown to have elevated levels of IL-6. Similarly IL-6 levels can be
increased in patients with depression, fatigue, sleep disorders [18,19].

Vitamin D

Another factor implicated in the neurological symptoms of
PHPT is Vitamin D. Vitamin D deficiency has been associated with
impaired cognitive functions and mood changes [20]. Unfortunately
the interactions between Vitamin D and PTH are not completely
understood. However, we do know that Vitamin D deficiency is more
common in patients with PHPT and PTH plays a major role in the
conversion of 25-OHvit D into its active form 1,25-OH vit D.

Rylander et al., demonstrated that vitamin D deficiency had a
high prevalence in psychiatric patients [21]. A 2013 meta-analysis
evaluated 14 observational studies and 3 interventional studies on
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Table 1: Studies looking at the effects of parathyroid ectomy on psychiatric symptoms.

Author/Study Year Findings
Preoperative patients showed significant impairment in 5 of 8 domains. Postoperative patients significantly improved in 7 of 8
Sheldon, et. al. 2007 ; . :
domains compared with preoperative scores.
Preoperative PTX exhibited increase depression symptoms. Greater delays in spatial learning. Postoperative showed improvement
Roman, et al. 2005 . . R . L ) -
in depression symptoms and indications that greater changes in PTH were correlated with improved learning efficiency.
Found impaired concentration, decreased nonverbal learning process, difficulties in using direct memory, verbal fluency and visual
Babinska, et al. 2012 constructive abilities in PHPT patients before surgery. 1 year after surgery, there was significant improvement in direct memory,
visual memory and visual-constructive abilities.
While adjusting for age and sex, postoperative PHPT patients showed significant improvement in neuropsychological symptoms,
Kahal, et al. 2012 . ; . ) . . .
especially depression, compared with preoperative patients. Found no change in anxiety.

Pasieka, et al. 2009 Preoperative PHPT scored a mean of 318, which was decreased to 177 at 1 year post surgery (suggesting increased QOL).
Espiritu, et al. 2011 Found improvement in depression symptoms in postoperative patients compared to thyroid surgery control or observation groups.
Bollerslev, et al. 2007 Demonstrated lower QOL scores on SF-36, 2 years following PTX in PHPT patients.

Amstrup, et al. 2011 Patients consistently reported worse QOL scores on SF-36, 5 years post PTX.

PTX = PTH = parathyroid hormone
parathyroidectomy PHPT = primary hyperparathyroidism
QOL = Quality of Life SF-36 = Medical Outcomes Study Short Form 36

low vitamin D levels and cognitive function. They found that low
25-OHyvitD levels predicted lower executive function and processing
speed [22].

Parathyroidectomy in patients with psychiatric and
neurocognitive function

Assessment of patients with psychiatric and neurocognitive
dysfunction from PHPT can be difficult for physicians, since such
patients can be elderly with multiple chronic conditions. Such
problems may be dismissed as menopause, stress or normal aging [6].
Non-classic symptoms broadly fall into two categories: 1) Psychiatric
symptoms that can include depression, anxiety, and hallucinations
and 2) Neurocognitive changes such as visual and spatial learning
deficits and sleep disturbances [4].

Psychiatric symptoms

Changes in mood, fatigue and apathy are just some of the
psychiatric manifestations that have been documented in association
with PHPT since the early 1900s [2]. One of the difficulties in
determining the link between PHPT and these symptoms has been
a lack of appropriate tools to assess improvements in patient’s
psychiatric symptoms before and after resolution of their PHPT. For
the most part, researches have relied on psychiatric testing methods
that have been validated in other branches of medicine, such as the
Medical Outcomes Study Short Form 36 (SF-36) health survey. This
questionnaire scores patients on 36 items on a scale from 1 to 6.
Items range from general health, physical function, and body pain to
mental health, social function, and emotional stability [23]. Despite
its popularity, many have criticized the SF-36 for being too broad
and generic. In response, alternative questionnaires have been used
and developed. Pasieka et al,, created The Parathyroid Assessment
Score (PAS), which covers 13 categories as opposed the SF-36s nine.
The PAS was used in two separate studies with patients from three
different countries and was found to have scores that correlated with
the SF-36 [24].

Sheldon et al., prospectively evaluated 74 consecutive patients
with PHPT undergoing PTX using the SF-36 both before and one year
following successful surgery. The authors found that preoperatively
patients with PHPT had lower scores in 5 of the 8 domains of the
SE-36 when compared to the national norm. Post-parathyroidectomy

patients had improvement in 7 of 8 domains and were comparable to
the national norm [25]. Roman et al., conducted a prospective study
of 41 patients both before and after parathyroidectomy and found
significant improvement in multiple domains of the SF-36 including
spatial learning, spatial working memory, and concentration, post
PTX [26]. Babinska et al., reviewed the outcomes of 30 patients
with PHPT who underwent PTX compared to non-PHPT patients
as surgical controls. The control group was comprised of patients
who qualified for surgery for either varicose veins of the lower limb,
abdominal hernias, or gallbladder disease. The study group and
controls were matched based on age, gender, BMI, and educational
background. The authors found improvement in visual fluency and
visual constructive abilities following PTX; however, they found no
significant change in depression, impaired concentration, nonverbal
learning, or direct memory [27]. Kahal et al., used the Hospital
Anxiety and Depression scale, as well as, the Mood Rating Scale to
compare 24 asymptomatic patients undergoing PTX with 23 controls
undergoing hemithyroidectomy. They found that patients with
PHPT had increased baseline depression that improved following
surgery, however the authors found no significant change in anxiety
symptoms [28].

Pasieka et al. assessed patients with PHPT who underwent PTX1
year and 10 years follow surgery and compared them to patients
undergoing thyroidectomy, who served as controls. Using the PAS
questionnaire, they found patients with PHPT had significantly
worse quality of life scores at baseline. Patients who had a PTX (64%)
showed sustained improvement that lasted at least ten years. Those
undergoing thyroidectomy, showed no improvement on the PAS
questionnaire following 10 years [29]. A similar case-control study,
using Patient Health Questionnaire-9 (PHQ-9), found that PTX
resulted in a greater improvement of depression symptoms compared
to thyroid surgery or observation [30].

Unfortunately, not all studies show an improvement of psychiatric
symptoms following parathyroidectomy. Bollerslev, et al., conducted
a prospective study of 191 individuals with PHPT randomized into
medical observation or PTX. Researchers used both the SF-36 and
the Comprehensive Psychopathological Rating Scale (CPRS) to
compare the two groups of patients between 1-2 years after surgery.
Asymptomatic PHPT patients demonstrated lower Quality of Life
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Table 2: Studies evaluating the effects of parathyroidectomy on neurocognitive function.

Author/Study Year Findings
When evaluating post-menopausal women with PHPT, found weaker baseline performance in cognitive testing, independent of
Walker, et al. 2009 R . . - X
neuropsychological symptoms. Patients that underwent PTX, improved in nonverbal abstraction.
Roman, et al. 2011 Correlated a postoperative decrease in PTH with a decrease in anxiety and cognitive errors.
Benge, et al. 2009 Found a trend of improved results on timed tests and depression assessment in postoperative patients, but decline in memory.
Walker, et al. 2004 Using the Epworth Sleepiness Scale, found an association between PHPT and sleep disturbances/circadian rhythm.
Perrier, et al. 2009 Demonstrated that improved sleep and decreased daytime sleepiness correlated with decreased PTH levels.
_ . PTH = parathyroid hormone
PTX = parathyroidectomy PHPT = primary hyperparathyroidism

(QOL) scores on the SF-36 when compared to controls at baseline.
Two years following PTX, the authors found no clear improvement
on either questionnaire [31]. Amstrup, et al., conducted a cross-
sectional study of 51 PHPT patients compared to population-based,
age matched controls and found that patients reported consistently
worse QOL scores (using the SF-36) 5 years after PTX [32]. Table
1 summarizes the major studies looking at the effects of PTX on
psychiatric symptoms.

Neurocognitive symptoms

Neurocognitive manifestations of PHPT include deficits in
attention, visual-spatial learning, memory, verbal fluency and
sleep disturbances. The very nature of these symptoms presents an
investigative challenge because of the difficulty in testing cognitive
function [33].

Walker et al. evaluated cognition in 39 post-menopausal women
with PHPT. Patients undergoing PTX were compared to a healthy
control group of similar aged women using a variety of verbal and
nonverbal tests. On baseline testing, post-menopausal women
with mild PHPT had a weaker performance in cognitive testing,
independent of anxiety or depression symptoms. Patients undergoing
PTX had improvements in nonverbal abstraction, but also showed
improvement in verbal memory, visual concentration/attention.
Interestingly, there was no linear correlation with serum calcium or
PTH levels with cognitive dysfunction [6].

Roman et al. used the Rey Auditory Verbal Learning Test and the
Groton Maze Learning Test to assess verbal and visual learning before
and after PTX. The authors were able to correlate a decrease in PTH
with a decrease in both anxiety and cognitive errors. They concluded
that PTH and anxiety play a role in neurocognitive function [34].
Benge, et al., attempted to identify subgroups of PHPT patients with
cognitive impairment, that would benefit from PTX. Preoperatively
many patients had a pattern of cognitive slowing, reductions in
psychomotor speed, memory impairment and depression. After PTX,
there was a trend for improvements on timed tests and depression,
but a decline in memory. The authors found that older patients
responded less well to surgical intervention, as did those with large
changes in serum calcium and PTH [35].

PHPT has been associated with sleep disturbances, disruption
of circadian rhythm, and autonomic nervous function in relation to
sleep. Among the first to demonstrate a link between lower quality
of sleep and PHPT was Jobern, et al, using the Comprehensive
Psychopathological Rating Scale [36]. Walker et al., demonstrated
similar results using the Epworth Sleepiness Scale and patient
observation [37].

In a prospective randomized trial, Perrier et al. used a
combination of methods to demonstrate that changes in total sleep
time correlated with changes in PTH levels. The authors followed
18 patients and found that decreased serum PTH levels correlated
with improved sleep and that sleepiness was associated with poorer
cognitive performance. [38]. Table 2 summarizes the major studies
evaluating the effects of PTX on neurocognitive function.

Recommendations for Treatment

In 2014, the Fourth International Workshop on PHPT met and a
subgroup was commissioned to address key issues related to patients
with asymptomatic PHPT. It was the consensus of the subgroup
that recent data suggests that some patients with mild PHPT have
neuropsychiatric and cognitive abnormalities and that a portion of
these patients would improve after PTX. However, the group decided
that it is not possible to predict which asymptomatic PHPT patients
would benefits from surgery [39]. Thus they concluded that more
evidence was necessary before recommending psychiatric symptoms
and neurocognitive dysfunction as an indication for PTX. Other
expert panels and communities have created their own guidelines
for management of such patients and recommend surgery on a per
patient basis, relying on physician discretion [40].

Conclusion

Although we have been investigating PHPT since the early
20th century, many questions remain unanswered. The psychiatric
and neurocognitive symptoms associated with PHPT are well
documented, but the mechanisms and ability to predict a durable cure
following PTX remain elusive. While, current research suggests that
some patients would benefit from PTX, a better understanding of this
complex disease is necessary to guide physicians who care for patients
who suffer from the neurocognitive and psychiatric manifestations
of PHPT.
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