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History of the Parathyroids: Persistent Controversies yield to Current 
Progress 

John T. Potts, Jr., MD 
Jackson Distinguished Professor of Clinical Medicine Harvard, Medical 
School, Director of Research and Physician-in-Chief Emeritus, 
Massachusetts General Hospital, Boston, MA, USA 

In the early work on the parathyroids and their biological role there were 
intense controversies and debates and moving personal stories involving some 
of the pioneers (1). Principal credit for the discovery of the parathyroid glands 
clearly belongs to Ivar Sandstrom (2,3) who identified what he thought to be 
a new organ, previously undescribed, in the dog. To confirm his suspicion he 
later systematically identified what he considered to be this novel organ in 
cats, oxen, horses, rabbits and finally humans, the latter involving 50 careful 
postmortem examinations. He described the location, variable size and 
distinctive microscopic features of these glands which he named “glandulae 
parathyreoidae”. He had no means to study the function of the new organ 
stating merely “we are not able, from reasons that are quite apparent, to allow 
ourselves even to make a guess” (2,3). The failure to receive the recognition 
he deserved and his unfortunate personal life leading to suicide are 
thoughtfully outlined by Nordenstrom (1) 

Unfortunately, despite this pioneering work of Sandstrom it took another 40 
years until the physiologic role of the parathyroids as well as the 
pathophysiology of hormone excess and deficiency were clarified. Some of 
this delay would have clearly have been avoided if the pioneering work of 
Sandstrom had been more fully appreciated 

Two lines of investigation, one involving clinical experience and the other 
experiments in animals led but quite slowly to the identification of the key 
role played by the parathyroids. Regarding clinical experience (1) episodes of 
tetany that sometimes were involved in the high mortality of thyroid surgery 
in the late 19th century, were finally appreciated to be due to inadvertent 
removal of the parathyroids not thyroid tissue. In the experimental animal 
work what we today can view as errors in logic occured in part due to the 
complex anatomy with multiple parathyroid glands, some intrathyroidal, 
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leading to the view that it was removal of the thyroid tissue that caused the 
tetany (1,4).Vassale and Generali (5) and later the great Viennese pathologist 
Erdheim (6)  finally and clearly established the key role of removal of the 
parathyroids per  se  in the occurrence of tetany. 

The next intense debate, quite surprising in retrospect, centered on the cause 
of tetany. Surprisingly, the true explanation, occurrence of severe 
hypocalcemia, documented by several investigators (who were able to 
prevent symptoms by infusion or ingestion of large amounts of  calcium) was 
not accepted by others. The alternate view that the glands were involved in 
detoxification, oddly involving methyl guanidine, was probably sustained  by 
the failure of extracts of the glands when administered to experimental 
animals to reverse the tetany (the classic endocrine paradigm that 
administration of the active hormone extracted from the gland can reverse the 
results of gland extirpation) (1,7). 
The problem was finally resolved by Collip when he turned to hot acid 
extraction of the glands, reasoning that water-based extraction methods were 
too weak to release the active principle. His classic paper in 1925 established 
the role of the glands in protection of calcium levels of the blood and 
provided for the first time (partially) purified preparations of parathyroid 
hormone soon available to investigators for animal experiments and, in those 
days, clinical investigations (8). This work was crucial to establishing basic 
principles of the physiology of the parathyroids and providing understanding 
of the pathophysiology of deficiency of the parathyroid hormone function and 
excessive parathyroid hormone function (hypoparathyroidism and 
hyperparathyroidism respectively). 
 However,Collip’s procedure created problems that interfered with efforts to 
determine the structure of the hormone. The method employed by Collip, hot 
acid extraction, had the undesired effect of cleaving the hormonal peptide at 
multiple sites giving a multiplicity of peptides and a low overall yield.  

In what may be referred to some 30 years later as the beginning of the era of 
chemical biology ,Aurbach in 1959 turned to the use of organic solvents 
instead of hot acid as an extraction method, realizing that this could liberate 
the peptide in good yield without producing multiple cleavage products and 
could be used, as he showed to purify the peptide,which he demonstrated (9). 
In the subsequent decades as techniques to determine the structure of 
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polypeptides improved, the structure of PTH initially the bovine and later the 
human hormone were determined (10,11,12). This in turn led to successful 
synthesis ultimately of biologically active human PTH (1-34), thereby 
proving the correctness of the structure deduced and providing purified 
material to permit definitive clinical research and exploration of hormone 
actions in animal models (13). 

In more recent decades the advent of the tools of molecular biology and 
advances in cell biology have resulted in rapid advances in the parathyroid 
field with the cloning of the parathyroid hormone receptor (14), 
demonstration of the actions of PTH at the cellular level (15), and definition 
of the numerous genetic defects responsible for hypoparathyroidism (16) a 
topic to be reviewed in great detail in this meeting 
As will be reviewed, advances in understanding molecular details of hormone 
action in turn have led to the development of long-acting forms of parathyroid 
hormone (17) which together with the recent successful clinical trial using 
recombinant PTH (1-84) (18) offer promise that, for the first time, 
hypoparathyroidism may be treatable by replacement with the missing 
hormone. 
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The History of the Calcium-Sensing Receptor 

Edward M. Brown, M.D. 
Division of Endocrinology, Diabetes and Hypertension, Brigham and 
Women’s Hospital, Boston, MA, USA 

The development of the first radioimmunoassays for PTH by Berson, Yalow, 
and others in the 1960’s and early 1970’s made it possible, for the first time, 
to  directly demonstrate the capacity of elevations in extracellular calcium 
(Ca2+

o) to inhibit PTH release, the inverse of the usual stimulatory action of 
calcium on hormonal secretion. Early studies utilized fragments of 
parathyroid glands and assayed PTH in the supernatant, or measured 
circulating PTH levels in vivo in experimental animals subjected to hyper- 
and/or hypocalcemia. Such approaches, however, did not permit assessment 
of high Ca2+

o-evoked alterations in the intracellular effector systems that 
might underlie Ca2+

o-regulated PTH secretion. Only from the mid 1970’s on 
did new experimental systems and techniques as well as novel concepts 
begin to elucidate the molecular mechanism underlying Ca2+

o-sensing by 
parathyroid (PT) and other cell types. The development of dispersed bovine 
PT cells enabled investigation of intracellular second messengers, especially 
cAMP, as a “window” into how the PT cell senses Ca2+

o. The demonstration 
that elevating Ca2+

o inhibited cAMP accumulation in dispersed PT cells, for 
example, showed that Ca2+

o did, in fact, modulate second messenger 
function, although the mechanism was unclear. The use of dispersed cells 
from pathological PT glands showed relative “resistance” to Ca2+

o (i.e., a 
higher than normal level of Ca2+

o was required to suppress PTH secretion), 
suggesting that clarifying normal PT Ca2+

o-sensing could elucidate how this 
process goes awry in various forms of hyperparathyroidism (HPT) and vice 
versa.  

The development of intracellular Ca2+ indicators by Roger Tsien enabled the 
next advance in the search for how PT cells sense Ca2+

o. Dolores Shoback 
showed, using Quin-2, a tight relationship between Ca2+

o and Ca2+
i, 

suggesting that Ca2+
i might serve as a mediator of Ca2+

o–regulated PTH 
release (1). LeBoff, et al. then demonstrated a right shift in the high Ca2+

o-
elicited increases in Ca2+

i in pathological PT cells.  
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In addition, there was a marked loss of the high Ca2+
o-evoked inhibition of 

PTH secretion and elevation of Ca2+
i in cultured bovine PT cells, illustrating 

perturbations in Ca2+
o-sensing that could be investigated later as the Ca2+

o-
sensing mechanism was unveiled. A key observation by Nemeth, et al., using 
Fura-2-loaded PT cells (a dye that could be used at lower intracellular 
concentrations than Quin-2), was that elevating Ca2+

o mobilized Ca2+
i in a 

manner similar to the actions of “Ca2+-mobilizing” receptors, especially G 
protein-coupled receptors (2). Further studies by our group and others 
showed that elevated Ca2+

o stimulated inositol phosphate accumulation, 
indicating that mobilization of Ca2+

i in PT cells likely resulted from 
activation of phospholipase C (PLC) by the putative Ca2+

o-sensing receptor 
(CaSR). Moreover, pertussis toxin prevented the high Ca2+

o–elicited 
inhibition of cAMP in PT cells, directly showing that coupling of the 
putative CaSR to adenylate cyclase involved an inhibitory G protein (3).  

One could only go so far, however, in understanding the molecular 
characteristics of the CaSR using these indirect techniques, and several 
groups undertook expression cloning as an approach to the isolation and 
molecular characterization of the CaSR in the early 1990’s. Steve Hebert in 
the Renal Division at the Brigham and Women’s Hospital and I used Ca2+–
activated chloride channels in X. laevis oocytes as a bioassay of Ca2+

o–
evoked PLC activation. Our initial efforts were frustrated by the failure of 
high Ca2+ to activate PLC. Our earlier studies, however, showing that 
trivalent cations, such as Gd3+, were markedly more potent than Ca2+

o in 
activating the putative receptor in PT cells, proved to be a useful 
observation, as Gd3+, in fact, potently activated Ca2+

o–activated Cl- channels 
in the oocytes. It was then possible to create a cDNA library from size-
fractionated poly A+ RNA, screen the library and isolate a 5.4 kilobase 
cDNA encoding the bovine CaSR (4). It proved to be a member of family C 
of the GPCRs, comprising receptors, such as the metabotropic glutamate 
receptors (mGluRs) and GABAB receptors that have large Venus flytrap-like 
extracellular domains sensing their respective ligands.  

At the same time, I was collaborating with the Seidman lab at Harvard 
Medical School, utilizing a positional cloning approach as another means of 
isolating the CaSR, assuming, as had been suggested earlier (5), that FHH 
resulted from inactivation of the CaSR.  
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The availability of the cloned CaSR, however, made it possible for Martin 
Pollak, a renal fellow working with the Seidmans, to identify inactivating 
mutations in FHH families within a few weeks (6). Herschel Estep at Eastern 
Virginia Medical School described a family to me at the Endocrine Society 
Meeting in 1981 that had a hypoparathyroid phenotype but in whom 
lowering serum calcium further stimulated a robust increase in serum PTH, 
suggesting a left shift in set-point for Ca2+

o–regulated PTH release. This 
might represent the phenotype expected of an activating mutation of the 
CaSR [so-called autosomal dominant hypocalcemia (ADH)]. Therefore, we 
obtained DNA from Dr. Estep’s family and were able to demonstrate that 
affected family members, in fact, harbored a mutation that right-shifted the 
EC50 for the CaSR-mediated, high Ca2+

o-evoked increase in inositol 
phosphates (7). Others have greatly extended these studies to show a large 
number of mutations and to define the diverse mechanisms by which CaSR 
mutations inactivate or activate the receptor. Geoff Hendy’s CaSR database 
shows more than 200 mutations and polymorphisms in the CaSR and a large 
number of SNPS are now known to exist (www.casrbd.mcgill.ca). 
Furthermore recent studies from the Thakker lab have shown that the FHH 
phenotype can also result from inactivating mutations in Gα11, which couples 
the CaSR to activation of PLC (FHH2), as well as in the sigma subunit of the 
AP2 adaptor protein (FHH3). The latter impair high Ca2+

o-evoked signaling 
and internalization of the CaSR. Conversely, Thakker et al. and Mannstadt, 
Juppner, and colleagues have shown that activating mutations of Gα11
produce a second form of ADH (ADH2). Although inactivating mutations in 
the CaSR are rare in primary hyperparathyroidism (PHPT), reductions in 
CaSR expression are common, and a variety of other abnormalities CaSR-
mediated intracellular signaling have been described but not yet proven to be 
causal. Not only mutations in the CaSR but also inactivating or activating 
antibodies can produce phenocopies of FHH and ADH, respectively. 

The pioneering discoveries of Nemeth, et al. at NPS Pharmaceuticals laid the 
foundation for CaSR-based therapeutics (8), initially using bovine 
parathyroid cells as a bioassay for drug screening and then utilizing the 
cloned CaSR to prove the CaSR to be the target for these drugs and to 
develop additional calcimimetics.  
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The calcimimetic, cinacalet, is the first allosteric activator of a GPCR and 
only CaSR-based therapeutic to enter the clinic to date, although a number of 
both calcimimetics, which are positive allosteric activators of the receptor, 
and calcilytics (CaSR inhibitors) have been developed and are in various 
stages of development. Cinacalcet has been shown to be effective in a 
number of hyperparathyroid conditions (8). It has received FDA approval for 
the treatment of severe hyperparathyroidism in stage 5 CKD as well as for 
severe hypercalcemia in patients with parathyroid cancer and in primary 
hyperparathyroidism in patients who are not surgical candidates.  

There has been progressively increasing interest in the roles of the CaSR not 
only in tissues involved in Ca2+

o homeostasis but also in “non-homeostatic” 
tissues since the cloning of the receptor, with over 3,000 articles listed in 
PubMed under “calcium sensing receptor”. A few highlights of this work, 
originating from our laboratory and many others worldwide, are as follows: 
The CaSR serves as a multimodal sensor for amino acids (9), ionic strength, 
pH (pH), and other substances in addition to Ca2+

o, enabling integration of 
signals from several classes of ligands. Furthermore, Ca2+

o, functioning as a 
first messenger, has proven to be a remarkably versatile cellular regulator, 
i.e., acting via the CaSR as a “danger signal” that activates the 
“inflammasome”, mediating the “kokumi” taste in taste buds, contributing to 
engraftment of hematopoietic stem cells in the bone marrow and inhibiting 
the proliferation of colonic epithelial cells and potentially serving as a tumor 
suppressor in the prevention of colon cancer. It also plays a key role in the 
“calcium switch” that triggers the differentiation of keratinocytes. A recent 
abstract at the Second Symposium on the Calcium Sensing Receptor has 
demonstrated that ablation of the CaSR in myeloma cells can prevent or 
attenuate the development of the disease in a mouse model. 
  
The identification and characterization of the CaSR has also had a number of 
broader impacts: [1] The CaSR afforded the first example of a GPCR in 
vertebrates sensing an inorganic ion as its primary physiological ligand. 
Subsequent work by others has shown that protons and zinc, for example, 
can also be sensed by GPCRs, showing the generality of the finding that ions 
can serve as extracellular, first messengers. [2] The cloned CaSR’s marked 
positive cooperativity, which is unusual for a GPCR (Hill coefficient of 3-4), 
is critical for ensuring the tight control of Ca2+

o in vivo (~+/- 1-1.5%). [3] 



10 11

 10

The CaSR represents one of the first examples of a GPCR sensing an 
“atypical” ligand (Ca2+), i.e., an agonist other than a hormone, 
neurotransmitter, cytokine, autacoid, odorant, etc. Additional examples of 
such GPCRs include those sensing bile acids and citric acid cycle 
intermediates (α ketoglutarate and succinate), for example. These results 
have produced a conceptual shift regarding the capacity of GPCRs to sense 
substances in the internal environment not previously known to serve 
messenger functions. [4] The CaSR has contributed to developing the 
concept of “environmental sensing” by the CaSR, by virtue of its capacity to 
sense not only of Ca2+

o but also amino acids (9), pH, ionic strength, 
polyamines (spermine), polycations (protamine), etc. For instance, the 
discovery of the CaSR in the gastrointestinal tract and its capacity to sense 
both divalent cations and amino acids provided key evidence that the 
receptor is a sensor not only of these diverse substances in extracellular 
fluids within the body but that it also samples nutrients and minerals entering 
the body from the outside world through the GI tract. 
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PTH: Measurement Assays and Their Clinical Significance 

Michael Mannstadt, M.D. 
Massachusetts General Hospital, Endocrine Unit and Harvard 
University, Boston, MA, USA 

Confirming the clinical diagnosis of hypoparathyroidism 
requires biochemical proof. Low, or inappropriately low, 
concentrations of PTH at the time of hypocalcemia is the hallmark of 
hypoparathyroidism and helps to differentiate this disease from other 
disorders of low serum calcium. Hence, a reliable assay for measuring 
PTH is key for making the diagnosis. 

PTH is produced by the parathyroid glands starting first as 
preproPTH, a 115-amino acid precursor peptide, that later matures 
into full-length PTH containing 84 amino acids. PTH is stored in 
secretory granules and released by the parathyroid glands when serum 
calcium is low. This circulating PTH comprises full-length PTH(1-84) 
peptides as well as several forms of truncated, mostly carboxyl-
terminal fragments, the majority being PTH(34-84) and PTH(37-84) 
[1, 2]. These fragments cannot bind and activate the classic 
PTH/PTHrP receptor. While plasma half-life of intact PTH(1-84) is 
several minutes, renal clearance of PTH fragments is slower. 
Therefore, under normocalcemic conditions, up to 80% of circulating 
PTH are inactive fragments, and only about 20% is intact, biologically 
active PTH [3]. PTH fragments, which are important when we 
consider the different PTH assays, are of two origins: The first being 
the parathyroid gland itself. These glands contain proteolytic enzymes 
such as cathepsins B and D, which release fragments together with 
intact PTH [4]. In hypocalcemic conditions, the percentage of intact 
PTH(1-84) released in the circulation increases, and under 
hypercalcemic condition, it decreases. Fragments are also formed by 
proteolytic cleavage of intact PTH in the periphery, mainly in the 
Kupffer cells of the liver.  

The fact that circulating PTH mainly comprises biologically 
inactive fragments makes measuring serum PTH challenging.  
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The first generation PTH assays, reported in 1963 [5], were 
radioimmunoassays (RAI) which used antibodies raised against 
parathyroid extracts of various species. Epitopes were later found to 
recognize mid- and C-terminal parts of the PTH molecule. Therefore, 
while this assay for the first time allowed for the measurement of 
PTH, it detected not only intact PTH, but also the majority of 
circulating fragments, limiting its utility.  

To improve the clinical performance of the assay, the two-side 
immunoradiometric (IRMA) assay (the intact PTH assay) was 
introduced in 1987 [6]. This sandwich assay uses a carboxyl-terminal 
capture antibody linked to a solid phase, and an amino-terminal 
detection antibody, making the measurement of PTH(1-84) more 
specific. The assay did not detect the majority of carboxylterminal 
fragments, and was more sensitive. This “second generation” IRMA is 
the most widely used iPTH assay to date.  

In 1999, a “third generation” PTH assay was introduced [7] 
called “whole PTH” or “biointact PTH” assay, which uses a similar c-
terminal capture antibody but an amino-terminal detection antibody, 
which only detects the extreme amino-terminus PTH(1-6), and 
therefore is more specific in detecting full-length PTH(1-84). 
Interestingly, the clinical utility of this assay in comparison to second 
generation assays, while theoretically better, did not proved to be 
superior, but studies are limited [8]. This assay still detects inactive 
fragments, which are truncated at the first few amino acids, so-called 
non-PTH(1-84) [9]. For the diagnosis of hypoparathyroidism, second 
generation “intact PTH” assays are routinely used.   
 The biochemical diagnosis of hypoparathyroidism in the right 
clinical setting is usually straightforward. For example, when a patient 
who underwent neck surgery presents with symptoms of 
hypocalcemia and has low serum calcium and PTH levels, 
hypoparathyroidism can be inferred. However, PTH levels of these 
patients can also be within the normal range, albeit often in the low-
normal range. Similar to diagnosing patients with 
hyperparathyroidism, one has to look at the PTH value from the 
immunoassay in the light of serum calcium.  
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In patients with hypocalcemia, PTH levels that are within “normal 
laboratory range” are inappropriate, as they should be elevated if 
parathyroid function was intact. 
 The significance of barely detectable PTH levels in 
hypoparathyroid patients is unclear. To the author’s knowledge, large-
scale purifications to determine the length and bioactivity of 
circulating immunoreactive PTH molecules have never been 
published. If this finding is indeed authentic PTH then some low, 
inadequate level of secretion is occurring rather than total absence of 
PTH production. 
 In summary, currently used iPTH assays are second-generation 
assays which can reliably help make the diagnosis of 
hypoparathyroidism and differentiate this disease from other 
conditions of hypocalcemia. 
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Pseudohypoparathyroidism Type 1A and Pseudopseudo-
hypoparathyroidism: Disorders Caused by Mutations Affecting 
Gαs 

Michael A. Levine, M.D. 
Division of Endocrinology and Diabetes, The Children’s Hospital of 
Philadelphia and Department of Pediatrics, University of 
Pennsylvania Perelman School of Medicine, Philadelphia, PA, USA 

 The term functional hypoparathyroidism refers to the condition 
in which hypocalcemia and hyperphosphatemia result either from a 
failure of the parathyroid glands to secrete adequate amounts of 
biologically active parathyroid hormone (PTH) or, less commonly, from 
an inability of target tissues to respond appropriately to PTH, a disorder 
termed “pseudohypoparathyroidism” (PHP). PTH signaling proceeds 
through binding of the hormone to a heptahelical membrane receptor 
(PTHR1) that is coupled through the heterotrimeric G protein (Gs) to 
stimulation of adenylyl cyclase, with generation of the second 
messenger cAMP. In the proximal renal tubule PTH-stimulated cAMP 
inhibits phosphate reabsorption and induces conversion of 25(OH)D 
to 1,25(OH)2D, the fully active form of vitamin D. Hence, 
measurement of serum or nephrogenous cAMP and urinary 
phosphorus after the injection of PTH serves as an important 
diagnostic test that can enable differentiation among several variants 
of PHP and suggest pathophysiological mechanisms for PTH 
resistance. In PHP type 1 (PHP1) both the phosphaturic and cAMP 
responses to PTH are impaired, indicating a defect in generation of 
cAMP. By contrast, in PHP type 2 (PHP2) the cAMP response to PTH 
is conserved, but no phosphaturic response occurs, indicating that the 
defect is distal to cAMP generation in the PTH-mediated signal 
transduction pathway. The blunted nephrogenous cAMP response to 
PTH in subjects with PHP1 is caused by reduced expression or function 
of the alpha subunit of Gs (Gαs) (1). By contrast, the defective 
phosphaturic response to PTH in patients with PHP2 may be the 
consequence of severe hypocalcemia, usually due to vitamin D 
deficiency, which can produce a reversible form of PTH resistance (2). 
Alternatively, some patients with apparent PHP2 may actually have 
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acrodysostosis type 1, in which cAMP is unable to activate protein 
kinase A (3).  
Molecular genetic studies now allow distinction between different forms 
of PHP1 and related conditions (Table 1), although considerable overlap 
occurs: patients with heterozygous mutations within exons 1-13 of the 
maternally-derived GNAS gene (139320) at 20q13.32 have a widespread 
deficiency of Gαs and are classified as PHP1A (OMIM 103580) or 
PHP1C (OMIM 612462) (4). PHP1C appears to be a variant of PHP1A 
in which the specific GNAS mutation disrupts receptor-mediated 
activation of adenylyl cyclase but does not affect receptor-independent 
activation of the enzyme. Hence, these unusual mutations account for 
the inability of most conventional in vitro assays to demonstrate reduced 
activity of solubilized Gαs. Patients with PHP1B (OMIM 603233) have 
a more restricted deficiency of Gαs  that reflects the effects of mutations 
in or near the GNAS locus that affect differentially methylated regions 
(DMRs) within the imprinted GNAS cluster (5).  
Molecular Structure and Expression of GNAS
 GNAS is a complex transcriptional unit that derives 
considerable plasticity through use of alternative first exons, 
alternative splicing of downstream exons, antisense transcripts, and 
reciprocal imprinting. Gαs is encoded by exons 1-13, and is 
synthesized as a 52- or 45-kDa protein based on the inclusion or 
exclusion of exon 3, respectively. Upstream of exon 1 are three 
alternative first exons that each splice onto exons 2-13 to create novel 
transcripts. These include XL, which is expressed only from the 
paternal allele and which generates a transcript with overlapping open 
reading frames that encodes XLαs and ALEX. XLαs is a much larger 
signaling protein than Gαs (≈78 kDa versus 45-52 kDa) and can 
interact with receptors for PTH and a variety of other hormones in 
vitro, but the native receptors that interact with XLαs in vivo are 
presently unknown. A second alternative promoter encodes the 
secretory protein Nesp55, which is expressed only from the maternal 
allele and shares no protein homology with Gαs. An antisense 
transcript (AS or Nespas in mice) comprised of five exons flanks 
NESP55, and is expressed only from the paternal GNAS allele. A third 
alternative first exon A/B (associated first exon, also termed exon 1A 
in mice) is transcribed only from the paternal allele, and encodes a 
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proteins that is expressed poorly if at all. These alternative first exons 
and AS are associated with promoters that contain DMRs, each of 
which is methylated on the non-expressed allele. By contrast, Gαs is 
expressed from both alleles in most cells, but in some cells (e.g. 
pituitary somatotropes, proximal renal tubular cells, thyroid epithelial 
cells, gonadal cells) Gαs is primarily expressed from the maternal 
allele. There is no DMR that regulates expression of the Gαs 
transcript, but cis-acting elements that control tissue-specific paternal 
imprinting of Gαs appear to be located within the primary imprint 
region in exon A/B.  
Clinical and Endocrine Characteristics of PHP1A/C and Related 
Conditions   

As Gαs is required for normal transmembrane signal 
transduction by many hormones and neurotransmitters, subjects with 
PHP1A/C with mutations of the maternally derived GNAS allele have 
a complex clinical phenotype that includes resistance to multiple 
hormones (e.g. PTH, thyroid stimulating hormone, gonadotropins, 
calcitonin, and growth hormone releasing hormone), mild to moderate 
intellectual  disability (6)and early-onset morbid obesity (7, 8) due to 
decreased resting energy expenditure (9). These diverse features 
reflect the effect of mutations within the maternally derived GNAS
allele in tissues in which little or no Gs is produced from the 
paternal allele. By contrast, responsiveness to other hormones (e.g.
ACTH, vasopressin) is normal in tissues in which Gs is transcribed 
from both parental GNAS alleles. Patients with PHP1A/C also 
manifest a constellation of distinctive developmental defects termed 
Albright hereditary osteodystrophy (AHO), and which includes 
formation of heterotopic membraneous bone (10, 11)as well as short 
stature and brachydactyly. Haploinsufficiency of Gαs is likely the 
basis for brachydactyly, which appears to be due in part to premature 
fusion of epiphyses in tubular and long bones, thus implying a 
requirement of two functional copies of GNAS for normal differentiation 
and maturation of the growth plate.  
Subjects with paternally inherited GNAS mutations have variable 
features of AHO without hormonal resistance, a condition termed 
pseudopseudohypoparathyroidism (PPHP). Other patients with 
paternally derived GNAS mutations manifest only ectopic ossification, 

 19

which can be limited to the dermis as osteoma cutis (12-14) or more 
invasive and debilitating as progressive osseous heteroplasia (POH) 
(15, 16). Although both patients with osteoma cutis and POH have 
paternally inherited GNAS defects, the basis for the striking difference 
in heterotopic ossification remains uncertain.  
Patients with acrodysostosis (OMIM 101800) can resemble PHP1A/C or 
PPHP. Acrodysostosis is an uncommon skeletal dysplasia that is 
characterized by very early and severe brachydactyly that is associated 
with facial dysostosis, nasal hypoplasia, short stature and often 
resistance to multiple hormones. Patients with acrodysostosis and AHO 
both have markedly advanced skeletal maturation, which leads to 
premature fusion of the growth plates and accounts for the development 
of brachydactyly. Patients with acrodysostosis type 1 have germline 
mutations in the gene encoding PRKAR1A, the cAMP (cAMP)-
dependent regulatory subunit of protein kinase A (3, 17), that reduce 
responsiveness of protein kinase A to cAMP.  Patients with 
acrodysostosis type 2 have loss of function mutations in PDE4D (17), 
which encodes a class IV cyclic AMP (cAMP)-specific 
phosphodiesterase that hydrolyzes cAMP. Although reduced PDE4D 
activity would be predicted to enhance cAMP signaling, there is a 
compensatory increase in expression levels of PDE4A and PDE4B 
isoforms, which account for a paradoxical decrease in cAMP levels in 
patient cells (18). 
Conclusions 
 Molecular genetic analysis of GNAS and other genes that are 
associated with metabolism of cAMP provides important diagnostic 
information and can differentiate genocopies and phenocopies of 
AHO and PHP1. Conventional sequencing will identify genetic 
mutations within exons 1-13 in most patients with PHP1A/C, as well 
as patients with PPHP, osteoma cutis (13, 14) and POH (15, 19, 20), 
but cannot distinguish between these related disorders or the parental 
origin of the defective GNAS allele. Continued studies of these related 
disorders of cAMP metabolism will likely disclose new approaches to 
treatment, and will advance our understanding of signal transduction. 
Considerable work remains ahead, however, and at a minimum must 
address the questions of allelic imbalance in GNAS expression and the 
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genetic modifiers that account for the development of progressive 
heterotopic bone formation in only some patients.  

Table 1: Classification of Pseudohypoparathyroidism and Related Disorders 
 Molecular Defect Parental 

Origen 

of GNAS

allele 

Endocrine 

Defects 

Clinical Features Other features 

PHP1A Heterozygous 

mutations in 

GNAS gene that 

reduce expression 

or function of  

Gαs  

Maternal Multihormone 

resistance1

1. AHO2

2. Early onset 

obesity 

Cognitive 

disability 

PPHP Heterozygous 

mutations in 

GNAS gene 

Paternal None 1.AHO  

PHP1C Heterozygous 

mutations in 

GNAS that 

impair coupling 

of heptahelical 

receptors to 

adenylyl cyclase 

Maternal Multihormone 

resistance 

1. AHO 

2. Early onset 

obesity 

Cognitive 

disability 

Familial PHP 

type 1b 

Heterozygous 

deletions in 

STX16, NESP55 

and/or AS exons 

Maternal PTH resistance, 

partial resistance 

to TSH in some 

1. Mild 

brachydactyl

y in some 

Loss of 

methylation in 

exon A/B 

Sporadic PHP1B Paternal UPD in 

some 

Maternal PTH resistance, 

partial resistance 

to TSH in some 

1. Mild 

brachydactyl

y in some 

Global defect in 

methylation at 

all three DMRs 

Progressive 

osseous 

heteroplasia 

Heterozygous 

mutations in 

GNAS gene that 

reduce expression 

or function of  

Gαs 

Paternal  None Progressive 

heterotopic 

ossification 

extending to 

deep connective 

tissues 
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 Molecular Defect Parental 

Origen 

of GNAS

allele 

Endocrine 

Defects 

Clinical Features Other features 

Osteoma cutis Heterozygous 

mutations in 

GNAS gene that 

reduce expression 

or function of  

Gαs 

Paternal None Heterotopic 

ossification that 

is limited to 

dermis and 

subcutaneous 

tissues 

PHP type 2 None N/A PTH resistance Severe 

hypocalcemia 

Vitamin D 

deficiency 

Acrodysostosis 

type 1 

PRKAR1A N/A TSH and PTH 

resistance 

Brachydactyly 

and facial 

dysostosis 

Obesity 

Acrodysostosis 

type 2 

PDE4D N/A TSH and PTH 

resistance 

Brachydactyly 

and facial 

dysostosis 

No obesity 

1Multiple hormone resistance, resistance to PTH, TSH and GHRH, often to 
gonadotropins as well.  
2AHO, Albright hereditary osteodystrophy; comprising round face, short stature, 
brachydactyly/brachymetacarpia, heterotopic ossification. 

References: 

1. Levine MA. 2012. An update on the clinical and molecular 
characteristics of pseudohypoparathyroidism. Curr. Opin. 
Endocrinol. Diabetes Obes. 19:443-451. 

2. Akin L, Kurtoglu S, Yildiz A, Akin MA, Kendirici M. 2010. 
Vitamin D deficiency rickets mimicking pseudo-
hypoparathyroidism. J.Clin.Res.Pediatr.Endocrinol. 2:173-175. 

3. Linglart A, Menguy C, Couvineau A, Auzan C, Gunes Y, 
Cancel M, Motte E, Pinto G, Chanson P, Bougneres P, Clauser 
E, Silve C. 2011. Recurrent PRKAR1A mutation in 



22 23

 22

acrodysostosis with hormone resistance. N. Engl. J. Med. 
364:2218-2226. 

4. Thiele S, de Sanctis L, Werner R, Grotzinger J, Aydin C, 
Juppner H, Bastepe M, Hiort O. 2011. Functional 
characterization of GNAS mutations found in patients with 
pseudohypoparathyroidism type Ic defines a new subgroup of 
pseudohypoparathyroidism affecting selectively Gsalpha-
receptor interaction. Hum. Mutat. 32:653-660. 

5. Bastepe M. 2013. Genetics and epigenetics of parathyroid 
hormone resistance. Endocr. Dev. 24:11-24. 

6. Mouallem M, Shaharabany M, Weintrob N, Shalitin S, 
Nagelberg N, Shapira H, Zadik Z, Farfel Z. 2008. Cognitive 
impairment is prevalent in pseudohypoparathyroidism type Ia, 
but not in pseudopseudohypoparathyroidism: possible cerebral 
imprinting of Gsalpha. Clin. Endocrinol. (Oxf.) 68:233-239. 

7. Al Salameh A, Despert F, Kottler ML, Linglart A, Carel JC, 
Lecomte P. 2010. Resistance to epinephrine and 
hypersensitivity (hyperresponsiveness) to CB1 antagonists in a 
patient with pseudohypoparathyroidism type Ic. 
Eur.J.Endocrinol. 162:819-824. 

8. Dekelbab BH, Aughton DJ, Levine MA. 2009. 
Pseudohypoparathyroidism type 1A and morbid obesity in 
infancy. Endocr. Pract. 15:249-253. 

9. Weinstein LS, Xie T, Qasem A, Wang J, Chen M. 2010. The 
role of GNAS and other imprinted genes in the development of 
obesity. Int. J. Obes. (Lond.) 34:6-17. 

10. Huso DL, Edie S, Levine MA, Schwindinger W, Wang Y, 
Juppner H, Germain-Lee EL. 2011. Heterotopic ossifications 
in a mouse model of albright hereditary osteodystrophy. PLoS 
One 6:e21755. 

 23

11. Regard JB, Malhotra D, Gvozdenovic-Jeremic J, Josey M, 
Chen M, Weinstein LS, Lu J, Shore EM, Kaplan FS, Yang Y. 
2013. Activation of Hedgehog signaling by loss of GNAS 
causes heterotopic ossification. Nat. Med. 19:1505-1512. 

12. Lau K, Willig RP, Hiort O, Hoeger PH. 2012. Linear skin 
atrophy preceding calcinosis cutis in pseudo-
pseudohypoparathyroidism. Clin. Exp. Dermatol. 37:646-648. 

13. Martin J, Tucker M, Browning JC. 2012. Infantile Osteoma 
Cutis as a Presentation of a GNAS Mutation. Pediatr. 
Dermatol. 29:483-484. 

14. Ward S, Sugo E, Verge CF, Wargon O. 2011. Three cases of 
osteoma cutis occurring in infancy. A brief overview of 
osteoma cutis and its association with pseudo-
pseudohypoparathyroidism. Australas. J. Dermatol. 52:127-
131. 

15. Lebrun M, Richard N, Abeguile G, David A, Coeslier DA, 
Journel H, LaCombe D, Pinto G, Odent S, Salles JP, Taieb A, 
Gandon-Laloum S, Kottler ML 2010 Progressive osseous 
heteroplasia: a model for the imprinting effects of GNAS 
inactivating mutations in humans. J.Clin.Endocrinol.Metab 
95:3028-3038. 

16. Pignolo RJ, Ramaswamy G, Fong JT, Shore EM, Kaplan FS 
2015 Progressive osseous heteroplasia: diagnosis, treatment, 
and prognosis. The application of clinical genetics 8:37-48. 

17. Michot C, Le Goff C, Goldenberg A, Abhyankar A, Klein C, 
Kinning E, Guerrot AM, Flahaut P, Duncombe A, Baujat G, 
Lyonnet S, Thalassinos C, Nitschke P, Casanova JL, Le Merrer 
M, Munnich A, Cormier-Daire V 2012 Exome sequencing 
identifies PDE4D mutations as another cause of 
acrodysostosis. Am. J. Hum. Genet. 90:740-745. 



24 25

 24

18. Kaname T, Ki CS, Niikawa N, Baillie GS, Day JP, Yamamura 
K, Ohta T, Nishimura G, Mastuura N, Kim OH, Sohn YB, 
Kim HW, Cho SY, Ko AR, Lee JY, Kim HW, Ryu SH, Rhee 
H, Yang KS, Joo K, Lee J, Kim CH, Cho KH, Kim D, Yanagi 
K, Naritomi K, Yoshiura K, Kondoh T, Nii E, Tonoki H, 
Houslay MD, Jin DK 2014 Heterozygous mutations in cyclic 
AMP phosphodiesterase-4D (PDE4D) and protein kinase A 
(PKA) provide new insights into the molecular pathology of 
acrodysostosis. Cell. Signal. 26:2446-2459. 

19. Singh GK, Verma V 2011 Progressive osseous heteroplasia in 
a 10-year-old male child. Indian J. Orthop. 45:280-282. 

20. Adegbite NS, Xu M, Kaplan FS, Shore EM, Pignolo RJ 2008 
Diagnostic and mutational spectrum of progressive osseous 
heteroplasia (POH) and other forms of GNAS-based 
heterotopic ossification. Am.J.Med.Genet.A 146A:1788-1796. 

  

 25

PHP1B: hormonal resistance due to altered GNAS methylation 
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Abstract 
Several different disorders are caused by heterozygous mutations in 

GNAS, the genetic locus on chromosome 20q13.3 that encodes the 
alpha-subunit of the stimulatory G protein (Gsα) and different splice 
variants thereof. Four differentially methylated regions (DMR) within 
GNAS undergo parent-specific methylation. The exons and promoters 
for XLαs, A/B, and AS are methylated on the maternal allele, while 
exon NESP and its promoter are methylated on the paternal GNAS 
allele; the transcripts are derived only from the non-methylated allele. 
The Gsα promoter is not methylated in a parent-specific manner, but 
in some tissues, such as proximal renal tubules, thyroid, and pituitary, 
Gsα expression from the paternal allele is silenced through as-of-yet 
undefined mechanisms. Gsα protein is thus derived in these tissues 
predominantly from the maternal allele. Consequently, maternal 
mutations affecting any of the Gsα-specific exons lead to a lack of this 
signaling protein thereby causing pseudohypoparathyroidism type Ia 
(PHP1A). This disorder is characterized by PTH-resistant 
hypocalcemia and hyperphosphatemia associated with features of 
Albright’s Hereditary Osteodystrophy (AHO) and frequently 
resistance towards other hormones that mediate their actions through 
Gsα-coupled receptors. Pseudohypoparathyroidism type Ib (PHP1B) 
is caused by GNAS methylation changes affecting either exon A/B 
alone or multiple DMRs at this locus. In the autosomal dominant form 
of PHP1B, these epigenetic defects are caused by maternal deletions 
within GNAS or STX16, or by paternal uniparental isodisomy 
involving chromosome 20q (patUPD20q). Most PHP1B cases, all 
with broad GNAS methylation changes, are sporadic and the genetic 
mutations leading to this disease variant remain to be identified. 
However, lack of methylation at the maternal GNAS exon A/B, 
combined with silenced Gsα from the paternal allele, leads to a major 
reduction or lack of this G protein thus causing resistance towards 
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PTH and consequently hypocalcemia and hyperphosphatemia. The 
epigenetic changes at GNAS can also be associated with resistance 
towards other hormones and in some patients with characteristic AHO 
features. 

The GNAS locus on chromosome 20q13.3 gives rise to several, 
alternatively spliced transcripts, including the alpha-subunit of the 
stimulatory G protein (Gsα) 1-3. This ubiquitously expressed signaling 
protein mediates the actions of numerous G protein-coupled receptors 
(GPCR) and is thus of broad biological importance. GNAS undergoes 
parent-specific methylation at four differentially methylated regions 
(DMR). As a result, three transcripts are derived only from the non-
methylated paternal GNAS allele, including XLαs (the large splice 
variant of Gsα), A/B (a presumably non-translated transcript), and AS 
(a large antisense transcript). In contrast, NESP55 (a neuroendocrine 
secretory protein) is derived only from the non-methylated maternal 
GNAS allele. The promoter for Gsα does not undergo parent-specific 
methylation and the Gsα transcript is therefore derived in most tissues 
from both parental alleles. However, in some tissues such as proximal 
renal tubules, thyroid, pituitary, certain parts of the central nervous 
system (CNS), and brown fat (BAT), Gsα is transcribed 
predominantly from the maternal allele 4-6; expression from the 
paternal allele is “silenced” through as-of-yet unknown mechanisms. 

Because of the complex nature of the GNAS locus, the parent-
specific methylation of several promoters and reduced paternal Gsα
expression in some tissues, inactivating mutations on either the 
maternal or the paternal allele result in very different diseases. 
Inactivating GNAS mutations affecting one of the thirteen Gsα exons 
on the maternal allele are the cause of pseudohypoparathyroidism type 
IA (PHP1A), a disease characterized by PTH-resistance in the 
proximal renal tubules and thus hypocalcemia and 
hyperphosphatemia. In addition, affected patients frequently reveal 
resistance towards other hormones, such as thyroid-stimulating 
hormone (TSH) and growth hormone-releasing hormone (GHRH), 
leading to hypothyroidism and impaired growth, respectively 1-3,7. 
However, deficient signaling down-stream of several GPCRs cannot 
be explained by maternal Gsα mutations alone. It was therefore 
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postulated that paternal Gsα expression is “silenced” in certain tissues, 
including proximal renal tubules, thyroid, and pituitary. Although the 
underlying mechanisms are largely unknown, they appear to involve 
in mice active transcription from the promoter for Gnas exon 1a 8,9, 
but it remains to be determined whether the same can be observed for 
GNAS exon A/B, the human equivalent of murine Gnas exon 1a.  

Predominantly maternal Gsα expression was also postulated for 
certain CNS regions, which contributes to the development of obesity, 
but is likely to affect also to other functions leading to impaired 
neurodevelopment and thus the variable degrees of intellectual and 
cognitive insufficiencies that are observed in PHP1A patients 5. In 
addition, these individuals develop characteristic skeletal 
abnormalities, particularly a shortening of metacarpals and -tarsals 
that are caused by a premature closure of growth plates as evidenced 
by an accelerated bone age. The skeletal and developmental defects 
observed in PHP1A are collectively referred to as Albright’s 
Hereditary Osteodystrophy (AHO). 

PHP1A patients are typically obese during early childhood, but not 
at birth, and during adult life overweight is less prominent 10,11. The 
obesity phenotype is caused, at least in part, by a lack of maternal Gsα
expression in the CNS, where GNAS mutations, in combination with 
silenced paternal Gsα expression, lead to little or no Gsα protein 5,12,13. 
In addition, it is conceivable that Gsα deficiency in BAT contributes 
significantly to the accumulation of visceral fat. 

Mutations affecting the paternal GNAS exons are the cause of a 
very different phenotype, namely pseudopseudohypoparathyroidism 
(PPHP) 1-3. Patients affected by this disorder are characterized by the 
presence of AHO features, including short stature, but they show no 
intellectual impairment and no obesity 10. Some of these patients show 
elevated PTH levels during infancy, but no evidence for hormonal 
resistance later in life (for review of these findings see 6). 
Interestingly, patients who were later diagnosed with PPHP show 
severe intrauterine growth retardation and are thus small at birth 
11,14,15. Fetal development appears to be particularly impaired with 
paternal mutations affecting GNAS exons 2-13, which would affect 
not only expression of Gsα but also of XLαs, raising the possibility 
that the extra-large Gsα variant is particularly important for normal 
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intrauterine development 11. This conclusion is supported by findings 
in mice lacking Gnas exons XL or E2 that are both small at birth; note 
that E2 exon is shared by Gsα and XLαs 12,16. Furthermore, humans 
with maternal uniparental isodisomy involving chromosome 20q 
(matUPD20q) are small 17-19. MatUPD20q patients are predicted to 
show biallelic methylation of GNAS exon XL and thus no XLαs 
expression, just like mice with ablation of exons XL or E2. The lack 
of XL could thus be the cause of impaired intrauterine growth and 
reduced birth weights. 

Ever since the first description of PHP1B patients, the pathogenesis 
of this variant of pseudohypoparathyroidism was thought to be 
unrelated to that of PHP1A 1-3,20,21. This assumption was largely based 
on the fact that most PHP1B patients develop only PTH-resistant 
hypocalcemia and hyperphosphatemia, but usually no evidence for 
resistance towards other hormones and no AHO features. However, 
through genetic linkage studies using several large multigenerational 
families, it eventually became apparent that PHP1B is also caused by 
maternal GNAS mutations, namely small deletions within or close to 
the GNAS locus 22-29; the same deletions on the paternal allele do not 
appear to lead to any biochemical abnormality. Furthermore, it was 
shown that patients affected PHP1B can show resistance towards 
hormones other than PTH and that some develop AHO features, 
although most of these abnormalities are less pronounced than in 
PHP1A or PPHP patients 30-32. 

The deletions identified in PHP1B patients are associated with 
methylation changes affecting either GNAS exon A/B alone (STX16 
deletions 23,25,28,29 or a deletion comprising only GNAS exon NESP 27) 
or all four differentially methylated GNAS regions (GNAS deletions 
comprising exon NESP and/or antisense exons 3 and 4 24,26. In 
association with the lack of methylation at the maternal GNAS exon 
A/B, little or no Gsα is made from the maternal allele; the underlying 
mechanisms are unknown, but may require active transcription from 
the exon A/B promoter 8,9. In those tissues where Gsα expression from 
the non-methylated, paternal GNAS allele is normally silenced, 
particularly in the proximal renal tubules, virtually no Gsα is thought 
to be made when an inactivating mutation affects maternal GNAS 
exons 1-13 (as in PHP1A patients) or when a loss of methylation 
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occurs at GNAS exon A/B (as in PHP1B patients). Because of the Gsα
deficiency resulting from these genetic or epigenetic abnormalities, 
PTH-stimulated synthesis of 1,25(OH)2 vitamin D is impaired in the 
renal proximal tubules thus leading to reduced intestinal calcium 
absorption. In addition, there is insufficient PTH-mediated down-
regulation of the two sodium-dependent phosphate transporters, 
NPT2a and NPT2c, and consequently impaired urinary phosphate 
excretion. Taken together, these changes in the proximal renal tubules 
explain the PTH-resistant hypocalcemia and hyperphosphatemia that 
occurs in PHP1A and PHP1B. 

The tremendous importance of GNAS methylation for maintaining 
Gsα expression became particularly obvious in patients with paternal 
uniparental isodisomy affecting chromosome 20q (patUPD20q), who 
lack a genetic mutation in this region, yet show the paternal 
methylation pattern on both GNAS alleles 33-36. GNAS methylation 
changes alone are thus sufficient to cause hormonal resistance. 
However, even though GNAS methylation abnormalities are present at 
birth, these epigenetic changes do not cause an elevation in PTH 
levels until the age of 2-3 years, with symptomatic hypocalcemia not 
developing until the second decade of life 6,25,37. Furthermore, some 
PHP1B patients never develop severe PTH-resistance 22,37 and some 
seem to “out-grow” their resistance. The reason for this variability in 
disease severity is most likely related to the fact that silencing of Gsα
expression from the paternal allele varies not only over time, but also 
from tissue-to-tissue and from patient-to-patient. 

As indicated above, the nature of the mechanisms resulting in 
silencing of Gsα expression from the non-methylated paternal GNAS 
allele is only incompletely understood 8,9,16, but it is obviously of 
tremendous biological importance. Silencing is most effective in the 
proximal renal tubules where the presence of maternal GNAS 
mutations or deletions, as in PHP1A and PHP1B, respectively, cause 
PTH-resistant hypocalcemia and hyperphosphatemia, despite the fact 
that the paternal allele carries no genetic mutation. However, some 
PHP1B patients present with hypothyroidism 7,33,38-40, in some cases 
well before PTH-resistance becomes apparent 41. This indicates that 
silencing of Gsα expression from both non-methylated parental alleles 
can also be encountered in the thyroid of PHP1B patients, as 
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previously suggested 7,39. Silencing of paternal Gsα expression may 
also contribute to the obesity observed in PHP1A patients, not only 
through the lack of Gsα signaling in the CNS, but possibly in part 
because of Gsα-deficiency in BAT and the generation of excess 
visceral fat. 
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The PTH, FGF23, Vitamin D Axis 

Michael T. Collins 
National Institutes of Health, Skeletal Clinical Studies Unit, Bethesda, 
MD, USA 

Introduction: It has been 15 years since the discovery of mutations in 
FGF23 as the etiology of autosomal dominant hypophosphatemic 
rickets (ADHR). This marked a quantum leap forward in 
understanding an area of mineral homeostasis that had been in the 
shadows for many years. (1) Like PTH, the primary site of action of 
FGF23 is the kidney where it regulates both phosphate reabsorption 
by action on sodium/phosphate co-transporters, and the generation of 
1,25-dihydroxy-vitamin D3 (1,25-D) via effects on 25-hydroxyvitamin 
D3 1α-hydroxylase (1α-hydroxylase). (2) While both PTH and FGF23 
inhibit phosphate reabsorption, their actions on 1α-hydroxylase 
diverge; PTH stimulates and FGF23 inhibits 1α-hydroxylase activity. 
Therefore, in diseases of FGF23 excess there is renal phosphate 
wasting, hypophosphatemia, and low 1,25-D, often with some degree 
of compensatory secondary hyperparathyroidism. FGF23 deficiency 
results in the mirror image findings of hyperphosphatemia, elevated 
1,25, an elevated calcium x phosphate product with ectopic 
calcification, and relatively suppressed PTH. (3) The study of diseases 
of FGF23 excess, such as ADHR, X-linked hypophosphatemia 
(XLH), fibrous dysplasia of bone (FD), and tumor-induced 
osteomalacia (TIO), and FGF23 deficiency, hyperphosphatemic 
familial tumoral calcinosis/hereditary hyperostosis syndrome 
(HFTC/HHS), have been informative in defining the 
FGF23/PTH/Vitamin D axis. 
FGF23 Background: The FGF23 protein is a 251 amino acid 
hormone containing a 24 amino acid signal peptide (reviewed in (4), 
Figure 1). It has two major functional domains: an N-terminal domain, 
which contains the FGF homology region, and a unique C-terminal 
region. The N- and C-terminal domains are separated by a proteolytic 
cleavage site (176RHTR179), recognized by subtilisin-like pro-protein 
convertases (SPC) such as furin. A key step in the regulation of 
FGF23 levels and activity is whether or not FGF23 is enzymatically 
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degraded by the SPC into inactive N- and C-terminal fragments. Only 
intact FGF23 (iFGF23) is the biologically active hormone. While the 
FGF23 gene, including the 5′-upstream promoter region is largely 
conserved between mice and humans, an important difference is the 
absence of a consensus vitamin D receptor binding element in the 
human gene, which is present in the mouse. 
Posttranslational modification: FGF23 undergoes posttranslational 
modification that includes glycosylation and phosphorylation. 
Glycosylation is performed by the serine and threonine galactosyl 
transferase, UDP-N-acetyl-α-D-galactosamine:polypeptide N-
acetylgalactosaminyltransferase 3 (GALNT3)(3), and phosphorylation 
by the kinase family with sequence similarity 20, member C 
(FAM20C). (5) Recent work suggests that both glycosylation and 
phosphorylation are important in regulating whether or not FGF23 is 
secreted as biologically active iFGF23 versus inactive N- and C-
terminal fragments.  The importance of posttranslational modification 
is supported by the findings in HFTC/HHS, a disease of FGF23 
deficiency caused by loss of function mutations in GALNT3.  In 
HFTC/HHS FGF23 is not glycosylation at 178T by GALNT3 and is 
instead processed by a SPC into biologically inactive N- and C-
terminal fragments; glycosylation protects FGF23 from SPC-mediated 
degradation. Conversely loss of function mutations in the protein 
kinase FAM20C result in a disorder of FGF23 excess. The recently 
described and emerging model is that FGF23 can undergo either 
phosphorylation by the protein kinase FAM20C or glycosylation by 
GALNT3. If phosphorylated by FAM20C, then glycosylation cannot 
take place and FGF23 is cleaved by an SPC to yield inactive N- and 
C-terminal fragments. Precisely how mutations in FAM20C lead to 
FGF23 excess is not clear at this time. 
Transcriptional and translational regulation: There is evidence to 
support independent regulation of FGF23 expression by phosphorus 
and 1,25-D.(6,7) However, the phosphate-sensing mechanism by 
which in FGF23-secreting cells responds to changes in phosphorus 
levels remains elusive. The mechanism by which 1,25-D regulates 
FGF23 is presumed to be via the VDR. There is also evidence that 
PTH, or at least activation of the PTH signaling pathway, may 
regulate FGF23 as well. In, Jansen’s metaphyseal chondrodysplasia, 
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which is due to activating mutations of the PTH/PTHrP receptor (8) 
and in FD (9), which is due to activating mutations downstream of 
PTH at Gsα,  there is concomitant overexpression of FGF23 as well as 
increased processing into N- and C-terminal fragments. There is also 
compelling evidence the effects of phosphate in increasing FGF23 
levels are augmented by concomitant increases in serum calcium. (10)  
One would predict that subjects with primary hyperparathyroidism 
would offer insight into an effect of PTH on FGF23, but the data from 
multiple studies are inconclusive (11,12). Some report a direct effect 
of PTH on FGF23 levels, while others do not. These inconsistencies 
may be explained by several potentially confounding factors: the 
hypophosphatemic effect of PTH, the relatively elevated 1,25-D in 
hyperparathyroidism, variable severity, and a possible independent 
effect of hypercalcemia.  
Serum iron has also emerged as an important regulator of FGF23 at 
both the transcriptional/translational and processing level. (13) Iron 
deficient patients have normal levels of iFGF23 but elevated levels of 
C-terminal FGF23 (14), suggesting that iron deficiency leads to an 
increase in both FGF23 transcription/translation and processing. 
However, in ADHR patients and an ADHR mouse model iFGF23 is 
elevated with a negative correlation between iFGF23and cFGF23 and 
serum iron (15), suggesting that in ADHR iron deficiency leads to 
increased transcription of FGF23 without an increase in FGF23 
processing. In vitro investigation of the ADHR mouse model supports 
this and suggests that iron effects are mediated via the HIF pathway. 
In normal controls there was no correlation between iFGF23 and 
serum iron levels, but there was a negative correlation between 
cFGF23 and iron, supporting a role for iron increasing both 
transcription/translation and processing in normal patients.  
However, while these studies support iron a role for iron in FGF23 
regulation, they also reveal an apparent paradox – both iron infusion 
and iron deficiency appear to stimulate FGF23 production. Resolution 
of this paradox will require a better understanding of the roles of iron-
related/iron-sensing pathways in bone cells, as well as understanding 
the role for FGF23 processing in the overall regulation of intact, 
active FGF23 levels. Further research on osteoblast HIF signaling 
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may help us begin to understand the relationship between iron 
homeostasis and FGF23 homeostasis (16). 
FGF23 action: The action of FGF23, as demonstrated in various in 
vitro systems, is mediated by FGF23 binding to cell-surface receptors 
including FGFR1, 3c, and 4, with signaling being dependent upon co-
expression of a co-receptor, α-Klotho (αKl). (17) In this paradigm, 
FGF23 binds more avidly to FGFRs in the presence of αKl and 
triggers intracellular signaling pathways that mediate its biological 
action. Restricted, tissue-specific action of FGF23, despite the broad 
expression of FGFRs, seems to derive from the relatively limited 
expression of αKl to particular tissues such as the kidney. 
FGF23/PTH Interaction in Phosphate Homeostasis: For decades, 
PTH had been recognized as the primary regulator of renal phosphate 
reabsorption. The existence of a potent circulating phosphate-
regulating factor was first postulated in 1959 by Andreas Prader. (18) 
He made the seminal observation that it was a circulating phosphate-
regulating factor that was responsible for the renal phosphate loss and 
hypophosphatemia in (what we now know) was a case of TIO that 
resolved after tumor removal. Understanding how FGF23 interacts 
with PTH to regulate phosphate can perhaps best be understood by 
observations in clinical disorders of altered mineral homeostasis. A 
clear interaction between FGF23 and PTH can be seen in patients with 
hypoparathyroidism. Hypoparathyroid patients have 
hyperphosphatemia in spite of elevations in FGF23, suggesting that 
PTH is necessary for the full action of FGF23 at the kidney. (19) This 
observation is further supported by the demonstration that in subjects 
with TIO and XLH, who have marked elevations of FGF23, 
decreasing serum PTH with the PTH-lowering drug, cinacalcet, can 
normalize tubular reabsorption of phosphate and serum phosphate in 
spite of sustained marked elevations in FGF23 levels.(20,21). Perhaps 
the first (unrecognized) demonstration of an interaction between 
FGF23 and PTH was that of Fuller Albright in 1938 when it was 
noted that a child with vitamin D resistant rickets (XLH), who 
certainly had elevated FGF23, was able to normalize his serum 
phosphate after being rendered hypoparathyroid following parathyroid 
surgery. (22) 
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The discovery of FGF23 and its role in a FGF23/PTH/Vitamin D axis 
has shed light on questions that have plagued the field of mineral 
homeostasis for many years. While much progress has been made, 
questions remain and paradoxes exist. In addition, better treatments 
for disorders of FGF23 excess and deficiency are needed, as is a better 
understanding of the role of FGF23 in renal failure. 

Figures 

Figure 1. Genomic organization, transcript profile and protein features of 
human FGF23. Nucleotide and amino acid sequences for the FGF23 gene 
(NC_000012), transcript (NM_020638) and protein (GenBank EAW88848) were 
obtained from the National Center for Biotechnology Information (NCBI) databases. 
The three exons within the FGF23 gene are marked by boxes (blue). The 5’-
upstream region for the FGF23 gene is also indicated (dashed line, not to scale). The 
area specific for the FGF23 coding region (open reading frame region; ORF) is also 
marked (blue box). 5’- and 3’-untranslated regions (5’Unt and 3’Unt) are indicated. 
Putative O-glycosylation sites and the subtilisin proprotein convertase (SPC) 
protease processing site are indicated, as are putative phosphorylation sites. The 
proteins that are commonly identified on Western blotting and their associated 
molecular weights are identified as indicated.
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What does HFTC/HHS, a disease of FGF23 deficiency, tell us about 
FGF23/PTH interaction? In the absence of FGF23, but in the presence 
of PTH, phosphate levels are elevated. Suggesting that, similar to 
what is seen in hypoparathyroidism, there is interdependence between 
FGF23 and PTH for a full phosphaturic effect. (23) 
FGF23/PTH Interaction in Vitamin-D Homeostasis: Given that 
FGF23 and PTH have divergent actions on the regulation of 1α-
hydroxylase, this raises the question of which is the dominant 
hormone in terms of regulating 1,25-D levels. There is clear evidence 
that the suppressive actions of FGF23 supersede the stimulatory 
effects of PTH. For example, in disorders of FGF23 excess, and 
especially evident in TIO where secondary hyperparathyroidism is 
common, 1,25-D levels are low in spite of normal or elevated PTH. 
(24) There is also evidence for this in models of renal insufficiency, 
where FGF23 levels are elevated and serum 1,25-D levels are low. 
This was always presumed to reflect the loss of 1α-hydroxylase-
bearing, vitamin D-producing renal tubular cells. However in both 
mouse and rat renal failure models it has been clearly demonstrated 
that by decreasing FGF23 levels by treatment with an FGF23 
antibody, there is a marked and rapid increase in 1,25-D to 
supraphysiological levels. (25) Furthermore, by mechanisms that 
remain to be elucidated, it appears the absence of FGF23, especially 
when FGF23 levels decrease rapidly, increases 1,25-D production. A 
striking example of this is the rapid increases in 1,25-D to 
supraphysiological levels that occurs in TIO when the FGF23-
secreting tumors are removed (26) and in renal failure (when FGF23 
antibodies are administered) (25) 
The special case of renal failure: The highest levels of FGF23 are 
found in renal failure. The stimulus for these very high levels is not 
clear. In large cohort studies of patients with renal failure, serum 
FGF23 appears to increase prior to the increase in serum phosphate, 
suggesting a yet to be identified mechanism by which FGF23 is 
stimulated. (27) Neither elevated FGF23 nor elevated PTH is able to 
bring about phosphaturia in the failing kidney. However, as mentioned 
above and as seen in other diseases, FGF23 is able to effectively 
suppress the production of 1,25-D even in the setting of marked 
hyperparathyroidism.   
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Figure 2. The FGF23/PTH/Vitamin D Axis
FGF23 is produced by bon
proximal tubules through a cell surface receptor complex composed of FGFR1 and 
αKlotho. FGF23 stimulates phosphate excretion via effects on sodium/phosphate 
cotransporters 2a/c and inhibits the production of 1,25 dihydroxyvitamin
via effects on 1α-hydroxylase.
proximal tubule cells via its PTHR1/PTHrP receptor to promote phosphaturia and 
stimulate 1α-hydroxylase to produce 1,25
phosphate reabsorption are interdependent, i.e. PTH is needed for th
effect of FGF23. Calcium, phosphate, and 1,25
FGF23 production by bone. 
can inhibit PTH secretion by the parathyroid gland, but this is not observed in most 
diseases of mineral homeostasis.
production, but again, the clinical evidence for this is weak or lacking.  Solid lines 
indicate actions for which the data are stronger, and dashed lines eff
clear evidence. 
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Figure 2. The FGF23/PTH/Vitamin D Axis
FGF23 is produced by bone cells (primarily osteocytes). It acts directly at renal 
proximal tubules through a cell surface receptor complex composed of FGFR1 and 

Klotho. FGF23 stimulates phosphate excretion via effects on sodium/phosphate 
cotransporters 2a/c and inhibits the production of 1,25 dihydroxyvitamin D (1,25

hydroxylase. Parathyroid gland produced PTH acts on renal 
proximal tubule cells via its PTHR1/PTHrP receptor to promote phosphaturia and 

hydroxylase to produce 1,25-D. The effects of both FGF23 and PTH on 
e reabsorption are interdependent, i.e. PTH is needed for the phosphaturic 

Calcium, phosphate, and 1,25-D all act synergistically to stimu
FGF23 production by bone. There are in vitro and animal model reports that FGF23 

secretion by the parathyroid gland, but this is not observed in most 
iseases of mineral homeostasis. It is also reported that PTH can stimulate FGF23 

production, but again, the clinical evidence for this is weak or lacking.  Solid lines 
for which the data are stronger, and dashed lines effects with less 

It acts directly at renal 
proximal tubules through a cell surface receptor complex composed of FGFR1 and 

Klotho. FGF23 stimulates phosphate excretion via effects on sodium/phosphate 
D (1,25-D) 

Parathyroid gland produced PTH acts on renal 
proximal tubule cells via its PTHR1/PTHrP receptor to promote phosphaturia and 

The effects of both FGF23 and PTH on 
e phosphaturic 

D all act synergistically to stimulate 
There are in vitro and animal model reports that FGF23 

secretion by the parathyroid gland, but this is not observed in most 
It is also reported that PTH can stimulate FGF23 

production, but again, the clinical evidence for this is weak or lacking.  Solid lines 
ects with less 
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PTH Actions on Bone and Kidney 
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INTRODUCTION 
In healthy children and adults extracellular fluid (ECF) 

calcium is maintained within a narrow range of about 1.0 mg/100ml 
(0.24 mmol/l).  The range in inorganic phosphorus (Pi) is wider at 
about 2.4 mg/100ml (0.77 mmol), and in children the absolute 
concentration of Pi is higher than in adults until puberty.  

Major organ transport pathways for calcium and Pi occur in 
gut, bone, and kidney. In every 24 hours of daily activity, the transport 
of calcium and Pi from gut to ECF is about 300mg and 1,200 mg 
respectively, to and from bone to  ECF about 500 mg and 300 mg 
respectively, and from  kidney to ECF about 8,440 mg and 4,328 mg 
respectively (1). The largest compartment and reservoir for calcium 
and Pi is bone where about 1,000 g of calcium and about 600g of 
phosphorus occur as carbonated apatite crystals (2). 
 Studies in which calcium infused intravenously demonstrate 
that the kidney excretes about 50% of the infused calcium with no 
maximum tubular reabsorption (TmCa), and that calcium moves to 
and from bone and gut in proportion to the ECF calcium concentration 
(3). Infused Pi demonstrates that the relationship between renal 
excretion of Pi over the normal serum Pi range is splayed with some 
infused Pi moving into the storage compartments including bone (4).  
Once TmP is exceeded (~5mg/dl) all of the infused Pi appears in the 
urine. ECF calcium and Pi are in constant exchange with the amounts 
in various body compartments or pools. Some pools are more labile 
than others and the size and rates of exchange among the pools vary 
depending on the accessibility of the ions to the stores. The rates of 
removal from ECF of injected radio isotopes has been used to estimate 
the size and rate of exchange in these pools, although so calculated, 
the pools correspond  poorly to anatomical compartments (5).  

PTH is a major regulator of calcium and Pi transport at gut, 
bone, and kidney.  



48 49

 48

In bone and kidney the action is direct whereas in gut it is 
indirect via renal regulation of 1,25 dihydroxy vitamin D. PTH is the 
major hormonal regulator of serum calcium homeostasis by virtue of a 
sensitive negative sigmoid relationship (PTH-calciostat) between 
serum calcium and PTH secretion mediated via the parathyroid cell 
CaSR. In contrast, serum Pi does not regulate PTH secretion and the 
regulation of PTH on serum Pi homeostasis is indirect through the 
PTH-calciostat. 

Studies over the last 80 years have clarified the role of PTH on 
regulating calcium and Pi homeostasis. However, there is still 
controversy on whether  PTH acting on kidney sets the ECF calcium 
concentration with the gut and bone playing support roles (6) or 
whether PTH acting on bone via a superficial calcium bone pool sets 
the ECF concentration with gut, kidney and bone turnover playing 
support roles (7). The latter rarely addresses the effect of PTH on Pi 
homeostasis. The controversy requires resolution, particularly since 
PTH and its analogues are now increasingly used as anabolic drugs for 
osteoporosis (8) and as replacement therapy in hypoparathyroidism 
(9), and calcimimetics are used for lowering serum PTH in primary 
hyperparathyroidism (10)  

KIDNEY 
Serum Calcium Homeostasis
Tubule 
PTHR is present throughout the tubule. Calcium is reabsorbed in the 
proximal tubule, the thick ascending limb, and the distal tubule by 
three different mechanisms (11). Increase in PTH causes a right shift 
in the relationship between serum calcium (renal filtered load) and 
renal excretion of calcium, whereas a decrease in PTH causes a left 
shift (3). A right shift also occurs in number of conditions including 
inactivating mutations in the CaSR gene, thiazide diuretic, alkalosis, 
and sodium depletion. A left shift occurs in a number of conditions 
including activation mutations in the CaSR gene, inactivation 
mutations of the PTHR gene, and acidosis. 
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Glomerular Filtration Rate (GFR)  
Throughout life the amount of calcium excreted by the kidney is 
balanced by the amount moving to and from bone whilst maintaining 
the same calcium and PTH concentration ranges in serum. Thus when 
GFR decreases in disease, and gut, bone and renal tubule do not adjust 
calcium transport rates in step with decreases in GFR, hypercalcemia 
readily occurs (6). 
Serum Pi Concentration
Tubule 
Pi is reabsorbed in the proximal tubule by the Na/P transporters which 
are largely regulated by PTH and FGF23 (11). The relationship 
between serum Pi (renal filtered load) and renal excretion is splayed 
over the normal range. At serum Pi above the normal range the 
relationship is linear and shows a classical Tm. Increase in PTH 
causes a decrease in TmP and a left shift in the relationship between 
serum Pi and renal excretion of Pi, whereas a decrease in PTH causes 
a right shift (4). However, since serum Pi does not directly affect PTH 
secretion, the effect of PTH on serum Pi homeostasis is indirect.   
Glomerular Filtration Rate (GFR) 
Renal excretion is dependent on GFR.  Dietary phosphorus absorption 
is normally in excess of requirements and renal excretion prevents Pi 
retention. With a pathological decrease in GFR serum Pi increases in 
order to balance the amount excreted in 24hours with the amount 
absorbed and retained in bone.   

BONE 
Serum Calcium Homeostasis
Strength of bone largely resides in its content of calcium phosphate 
apatite crystals (2). Apatite crystals appear at the mineralization front 
as new bone is deposited and are removed when damaged or 
superfluous bone is resorbed. Calcium is delivered to the 
mineralization front by diffusion. Initially the calcium salt is 
amorphous but as new bone matures the apatite phosphorus to calcium 
ratio approaches three to five, the basic multicellular bone unit (BMU) 
gradually becomes fully mineralized, and the calcium and Pi becomes 
less accessible to exchange with the ECF.  
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The apatite crystal also functions as the largest reservoir for both 
calcium and phosphorus. Transport rates of calcium to and from ECF 
occur by two main mechanisms. The first is by the formation (Vo+) 
and resorption (Vo-) of bone tissue. The second is by a concentration 
gradient to and from ECF such that the ‘superficial’ bone pool 
expands and contracts with the serum calcium concentration. This 
superficial bone pool, as defined by IV radioisotope removal from the 
circulation, at 24 hours is about 4g calcium in health subjects  (5) (12).  
However the size of this pool is influenced by Vo+ and Vo-. In 
conditions with high Vo+ and normal serum PTH such as childhood 
growth and Paget’s disease, and high Vo+ and increased PTH such as 
vitamin D deficient osteomalacia, the pool size is greatly increased.  
In addition to these two established calcium transport systems in bone, 
it is also postulated that there is a process which is regulated by the 
osteocyte which  removes mineral by osteolysis (osteocytic osteolysis) 
and returns mineral in the bone immediately surrounding the osteocyte 
independent of Vo- and Vo+ (13). Although this mechanism was 
described over 50 years ago and involves the osteocyte and canaliculi 
which have the greatest surface to mineral interface in bone, it is still 
assessed by qualitative histological staining. Importantly it has been 
postulated that PTH presumably acting via PTHR regulates the 
transport of calcium at the bone ECF interface and is the main 
regulator of serum calcium homeostasis (7). However, specific PTHR 
deletion or over expression in the osteocyte of the mouse does not 
result in changes in serum calcium or Pi (14). 

Serum Pi Homeostasis
Transport of Pi to and from ECF occurs by the processes regulating   
Vo+ and Vo- by the BMU. Pi delivered to the mineralization front 
relies on both diffusion of the serum Pi and also on local production of 
Pi (15). In conditions of increased PTH such as primary 
hyperparathyroidism the effect on TmP to reduce serum Pi obscures 
the increased delivery of Pi to ECF by increased Vo-. Pi radioactive 
isotope injected intravenously has the same removal characteristics as 
calcium but has been less well studied in health.  
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The postulated effect of PTH on the superficial bone pool and on 
osteocytic osteolysis has not been studied in relation to Pi, and it has 
been assumed that it does not affect serum Pi homeostasis.   
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Role of magnesium in parathyroid physiology 
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Magnesium (Mg2+) is essential in energy metabolism, protein and 
nucleic acid synthesis as well as in the maintenance of the electrical 
potential of nervous tissues and cell membranes (1). It is a cofactor for 
a number of enzymes and plays a key role in energy metabolism. 99% 
of the total body Mg2+ iis intracellular with 1% present in the 
extracellular fluid (1). 90% of total body Mg2+ is found in bone and 
muscle with 0.3% present in the serum of which 30% is protein bound 
(3). 10% is complexed as salts (bicarbonate, citrate, phosphate, 
sulfate). Approximately 60% of the magnesium is biologically active 
and is available in the free form.(4,5). Serum ionized Mg2+ is 
maintained in a tight normal reference range through the actions of the 
kidneys, bowel, and bone (6,7).  
Mg2+ is absorbed in the proximal small bowel with some absorption 
occurring in the ilium and colon (10,11). Approximately 30-40% of 
oral administered Mg2+ is absorbed (12). Reabsorption of Mg2+ in the 
kidneys and 90% of the Mg2+ absorption in the bowel is passively 
absorbed in a  paracellular manner. Approximately 10% is absorbed 
transcellular and is an active energy dependent process (13). Active 
reabsorption of Mg2+ occurs via the transient receptor potential 
melastatin subtype 6 (TRPM6) (14). 95% of filtered plasma Mg2+ is 
absorbed renally with 70% of the reabsorption occuring in the thick 
ascending limb of the loop of Henle (TAL) ,15% in the proximal 
convoluted tubule (PCT) and 10% being reabsorbed in the distal 
convoluted tubule (DCT) (15,16). Tight junctions are formed by  
proteins claudin-16 and claudin-19 .Mutations affecting these proteins 
result in familial hypomagnesemia with hypercalciuria and 
nephrocalcinosis (FHHNC) (15). Active transcellular reabsorption of 
Mg2+ is mediated by TRPM6 in the DCT (15,17,18). TRPM6 also 
mediates absorption of Mg2+ in the bowel (19). Deficiencies in 
intracellular Mg2+ may develop in the presence of a normal serum 
Mg2+ (20,21). Intracellular Mg2+ may be a key regulator of serum 
PTH (22,23,24).  
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Hypomagnesemia:  
Hypomagnesemia may be due to decreased intake, decreased 
absorption, increased losses, and redistribution (25).  

 
Figure 1. Simplified scheme of magnesium homeostasis. 
Reproduced with permission from Steen, Khan et al 2015  
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Figure 2. Diagnostic approach to hypomagnesemia. 

Reproduced with permission from Steen, Khan et al 2015 
 
 

Mg2+ is widely present in all food groups and inadequate intake is 
unlikely to contribute to hypomagnesemia (25). Common causes of 
hypomagnesemia are decreased absorption in association with 
malabsorption, short bowel syndrome, severe diarrhea or steatorrhea 
(26). Mutations in the epithelial cation channel TRMP6 result in 
familial hypomagnesemia with secondary hypocalcemia (FHSH) (27). 
This results in decreased intestinal Mg2+ absorption and increased 
renal Mg2+ losses (25).  
Individuals with FHSH have severe hypomagnesemia, secondary 
hypocalcemia, neuromuscular irritability with muscle spasm tetany 
and seizures (15).  
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Long term proton pump inhibitor  (PPI) use may result in severe 
hypomagnesemia due to enhanced gastrointestinal Mg2+ losses 
(28,29).  
This may be due to inhibition of TRPM6 mediated active 
transportation of Mg2+ due to alterations in intestinal pH  however this 
mechanism requires further study.(30). Polyuria results in decreased 
tubular reabsorption of Mg2+ . Diuretics, antibiotics, calcineurin 
inhibitors, and epidermal growth factor receptor antagonists may also 
decrease tubular reabsorption of Mg2+ (31). These drugs may down 
regulate TRPM6 and increase urinary Mg2+ losses (32,33,34). 
Reabsorption of Mg2+ and calcium in the PCT and TAL is via cation 
permeable channels formed by claudin-16 or claudin-19 proteins. 
Mutations in these proteins results in FHHNC (35).  
 
Table 1. Inherited disorders leading to disturbances in magnesium balance. 
Disorder Mutation 

 
Familial hypomagnesemia with 
hypercalciuria and nephrocalcinosis
 
Isolated recessive hypomagnesemia 
 
Dominant hypomagnesemia 
 
Familial hypomagnesemia with 
secondary hypocalcemia 
 
Isolated dominant hypomagnesemia 
 
Autosomal dominant hypomagnesemia 
 
Bartter syndrome 
 
Gitelman syndrome 
 
 
EAST (epilepsy, ataxia, sensorineural 
deafness, and renal tubulopathy) 
syndrome 

 
Claudin 16 or 19
 
 
EGF receptor 
 
 
CNNM2 
 
 
 
TRPM6 
 
γ-subunit of Na+K+ ATPase 
 
Kv1.1 
 
NKCC2 (type I), ROMK (type II), ClC-
Kb (type III), barttin (type IV) 
 
NCC 
Kir4.1 

Reproduced with permission from Steen and Khan 2015  
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Hypermagnesemia: 
The fractional excretion of Mg2+ is enhanced in order to maintain 
normal serum Mg2+. With declines in renal function  with GFR < 30  
ml/min the excretion of magnesium becomes impaired and serum 
magnesium begins to rise (36). Impaired renal clearance of Mg2+ also 
occurs in familial hypocalciuric hypercalcemia as well as in the 
presence of lithium therapy (37). Increased intake of Mg2+ can also 
results in hypermagnesemia with ingestion of antacids, cathartics, 
laxatives or parenteral administration of Mg2+ (36).  

Mg2+ activates the calcium sensing receptor (CaSR) and affects PTH 
synthesis and secretion (38). Mg2+  is also involved in the activation of 
adenylate cyclase and is involved in intracellular signaling of cyclic 
AMP (39). Activation of the CaSR by Mg2+ results in stimulation of 
phospholipase C and A2 and inhibition of cellular cAMP with 
inhibition of PTH release (40). PTH increases Mg2+ reabsorption in 
the DCT (41). It also increases Mg2+ reabsorption in the cortical TAL 
by enhancing paracellular permeability (42). Activating mutations of 
the CaSR result in hypocalcemia, hypomagnesemia, and low normal 
PTH (43). Whereas, inactivating mutations of the CaSR  (FHH) result 
in hypercalcemia, hypermagnesemia, and high normal PTH (44). Mild 
hypomagnesemia stimulates PTH secretion (46). Severe 
hypomagnesemia decreases PTH secretion (45). This “paradoxical 
block of PTH secretion” is believed to be due to the effect of 
intracellular Mg2+ depletion on the alpha subunits of the G-proteins 
associated with the CaSR resulting in decreased PTH secretion. (47). 
Hypomagnesemia also results in a tissue resistance to the effects of 
PTH, in particular in the renal tubules and in bone (48,49,50). 
Intracellular Mg2+ is a cofactor of adenylate cyclase and decreases in 
intracellular ionized Mg2+  results in a resistance to PTH (48,49,50).  

Hypermagnesemia may cause hypocalcemia due to the inhibition of 
PTH release (51). 
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Conclusion 
Calcium and Mg2+ homeostasis are closely linked. Our understanding 
of Mg2+ homeostasis has been significantly advanced by increased 
understanding of the pathophysiology of inherited disorders resulting 
in hypomagnesemia. This is an area of active research as our 
understanding of the hormonal regulation of magnesium is still 
incomplete. 
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Epidemiology of Hypoparathyroidism in the USA 

Bart L. Clarke, M.D. 
Mayo Clinic, Rochester, MN, USA 

Hypoparathyroidism is a rare disorder characterized by the 
presence of low serum calcium and low or inappropriately low-normal 
serum parathyroid hormone (PTH). This condition may be acquired or 
inherited. Anterior neck surgery is the most common cause of 
hypoparathyroidism, and responsible for about 75% of cases (1). The 
next most common cause in adults is thought to be autoimmune 
disease, either affecting only the parathyroid glands, or multiple 
endocrine glands in addition to the parathyroid glands (2). Remaining 
cases are due to a variety of rare infiltrative disorders, metastatic 
disease, iron or copper overload, ionizing radiation exposure, or rare 
genetic disorders.   
Prevalence  

The best estimate of the number of adult patients affected by 
hypoparathyroidism in the U.S., based on analysis of a large life 
insurance database, is between 75,000 and 90,000 cases (3). Review 
of a large U.S. claims database with 77 million patients from 75 health 
plans in 2008 produced an estimated 65,389 insured individuals 
diagnosed with hypoparathyroidism for more than 6 months. This 
estimate was obtained by calculating the number of diagnoses of 
hypoparathyroidism over a 12-month period using both diagnosis-
based and surgical-based methods. The estimate was extrapolated to 
78,000 total insured and uninsured individuals. 

In another estimate, the longitudinal population-based 
Rochester Epidemiology Project medical records linkage resources 
were used to identify all persons residing in Olmsted County, 
Minnesota, in 2009 with any diagnosis of hypoparathyroidism 
assigned by a health care provider since 1945 (4). Detailed medical 
records were reviewed to confirm the diagnosis of 
hypoparathyroidism and assign an etiology. Subjects were assigned 2 
age- and sex-matched controls per confirmed case.  
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Fifty-four cases were confirmed, giving a prevalence estimate 
of 37 per 100,000 person-years, which translated to approximately 
115,000 patients in the U.S. having hypoparathyroidism of any cause.  
Of these, 71% were female, of mean age 58 ± 20 years.  
Hypoparathyroidism was caused by neck surgery in 78% of cases, and 
due to recognized secondary causes in 9%, familial disorders in 7%, 
and without an identified cause in 6%.   

The Osteoporotic Fractures in Men (MrOS) study and the 
Dallas Heart Study (DHS) were used to estimate the prevalence of 
normocalcemic hypoparathyroidism (5), defined as occurring in 
patients with normal serum calcium and decreased serum PTH.  
Cross-sectional data showed that of 2364 men in MrOS, 26 had 
normocalcemic hypoparathyroidism, for a prevalence of 1.1%.  
Baseline data from the DHS showed that of 3450 men and women 
included, 68 had normocalcemic hypoparathyroidism, for a prevalence 
of 1.9%. Follow-up data from these patients over 8 years showed that 
none developed overt hypoparathyroidism with low serum calcium 
and low serum PTH, and that only two (0.09%) maintained persistent 
normocalcemic hypoparathyroidism. 
Incidence 

Acquired hypoparathyroidism typically occurs due to removal 
or irreversible damage to the parathyroid glands, sometimes because 
of damage to their blood supply, during various types of neck surgery.  
The rate of postsurgical hypoparathyroidism depends on the center, 
the type of intervention, and surgical expertise. Transient postsurgical 
hypoparathyroidism is estimated to occur in 25.4% to 83% of neck 
surgery patients worldwide (6), whereas permanent postsurgical 
hypoparathyroidism occurs in a much smaller 0.12-4.6% of cases (7).  
Permanent postsurgical hypoparathyroidism is defined as being 
present six months or more after neck surgery.  
Cost and Hospitalization 

The population-based study by Leibson et al. (8) quantitated 
overall cost of medical care for patients with hypoparathyroidism in 
Olmsted County, Minnesota. The yearly cost of medical care for 
patients with hypoparathyroidism over three years in Olmsted County, 
Minnesota, USA was estimated to be about three times that of healthy 
patients.   
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This study was unable to quantify the individual costs related 
to, or the frequency of utilization of, outpatient clinics, hospitals, 
emergency departments, or pharmacies. Other studies have not yet 
addressed the frequency of hospitalization of patients with 
hypoparathyroidism relative to normal controls, but it is assumed that 
hospitalization for complications of hypoparathyroidism, such as 
bronchospasm, laryngospasm, seizures, or cardiac dysrhythmias is 
increased. 
Morbidities 

Patients with hypoparathyroidism suffer from various 
morbidities ranging from symptoms related to frequent hypocalcemia, 
hypercalcemia and hypercalciuria due to over-treatment, as well as 
alterations in well-being and mood, basal ganglia calcifications, 
cataracts, and skeletal disease. At least one study has evaluated the 
prevalence of these morbidities in the U.S. (9). 
Mortality 

While patients with hypoparathyroidism likely have increased 
mortality due to the effects of chronic hypocalcemia, intermittent 
hypercalcemia, significant hypercalciuria, and multiple co-
morbidities, no studies have yet quantified overall or cause-specific 
mortality due to hypoparathyroidism in the U.S. 
Summary 

Hypoparathyroidism is a rare disorder that may be acquired or 
inherited. Postsurgical hypoparathyroidism is responsible for the 
majority of acquired hypoparathyroidism. Transient postsurgical 
hypoparathyroidism is estimated to occur in 25.4% to 83% in neck 
surgery patients, whereas permanent postsurgical hypoparathyroidism 
occurs in only 0.12-4.6% of cases. The prevalence of all forms of 
hypoparathyroidism in the U.S. is estimated to be 37 per 100,000 
person-years, with a large insurance database estimate of 75,000 to 
90,000 affected adults. The yearly cost of medical care for patients 
with hypoparathyroidism in Olmsted County, Minnesota was 
estimated to be about three times that of healthy patients. Patients with 
hypoparathyroidism suffer from various morbidities including 
symptoms related to frequent hypocalcemia, hypercalcemia and 
hypercalciuria due to over-treatment, or alterations in well-being and 
mood, basal ganglia calcifications, cataracts, and skeletal disease. 
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Epidemiology of hypoparathyroidism in the EU 

Lars Rejnmark 
Aarhus University Hospital. Aarhus, Denmark 

Hypoparathyroidism (HypoPT) is most often caused by accidental 
removal of or damages to the parathyroid glands during neck surgery 
(postsurgical HypoPT), but may also occur without prior neck surgery  
due to autoimmune- or infiltrative-diseases as well as rare genetic 
disorders (non-surgical HypoPT). Only few data exist on the 
epidemiology of HypoPT in Europe. In a recent nationwide Danish 
historic cohort study, the prevalence of HypoPT have been estimated 
using data from the Danish National Patient Registry (NPR) [1-3]. 
Moreover, the study assessed mortality and co-morbidity by 
comparing patients with age- and sex-matched population-based 
controls. In addition to these data, findings from small European case-
series in which the prevalence of different co-morbidities have been 
reported are also summarized in this paper.  
Prevalence of HypoPT 
In the Danish nationwide cohort study, a total of 1,849 patients with 
postsurgical HypoPT and 180 patients with nonsurgical HypoPT were 
identified among whom 1127 and 123, respectively were alive at time 
of follow-up [1;3]. Accordingly, the estimated prevalence of 
postsurgical HypoPT and nonsurgical HypoPT in Denmark is 
22/100,000 and 2.3/100,000 inhabitants, respectively. The incidence 
of postsurgical HypoPT was 0.8/100,000/year.  

Approximately, 33% had acquired postsurgical HypoPT due to 
surgery for malignant diseases (mainly thyroid cancer), 33% due to 
surgery for atoxic goiter, 25% due to surgery for toxic goiter, and 10% 
due to surgery for primary hyperparathyroidism [1].   

Co-morbidities 
In analyses on mortality and co-morbidities among patients with 
postsurgical HypoPT, only patients who had acquired HypoPT 
following neck surgery for non-malignant diseases (toxic- or atoxic 
goiter or primary hyperparathyroidism) were included. Moreover, 
analyses did not include patients with postsurgical HypoPT following 
parathyroidectomy due to severe renal insufficiency.  
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Analyses were adjusted for a history of the disease in question prior to 
the diagnosis of postsurgical HypoPT. 
Mortality: Mortality was not increased among patients with 
postsurgical HypoPT (Hazard ratio [HR] 0.98; 95% CI, 0.76 - 1.26) or 
non-surgical HypoPT (HR 1.25; 95% CI, 0.90; 1.73). 
Renal complications: Compared with the general background 
population, risk of any renal diseases was more than 3-fold higher in 
patients with postsurgical (HR 3.67; 95% CI, 2.41-5.59) and non-
surgical (HR 3.39; 95% CI, 1.67 - 6.88) HypoPT. Risk of renal 
insufficiency was 3-fold higher in postsurgical HypoPT (HR 3.10; 
95% CI, 1.73-5.55) and 6-fold higher in nonsurgical HypoPT (HR 
6.01; 95% CI, 2.45 – 14.75). Patients with postsurgical HypoPT had a 
4-fold increased risk of being hospitalized due to renal stone diseases 
(HR 4.02; 95% CI, 1.64-9.90).  
Cardiovascular diseases (CVD): Risk of CVD was not increased in 
postsurgical HypoPT, but patients with nonsurgical HypoPT had a 
significantly increased risk of ischemic heart diseases (HR 2·01; 95% 
CI, 1·31 - 3·09) and any CVD (HR 1.91; 95% CI, 1.29 - 2.81). 
Compared with the background population, a higher proportion of 
patients with nonsurgical HypoPT had been hospitalized due to stroke 
(p=0.03) and arrhythmia (p=0.03), but hazard ratios showed only a 
borderline significantly increased risk.  
Neuropsychiatric diseases: Risk of hospitalization due to 
neuropsychiatric diseases was significantly increased by a factor 2-3 
in patients with postsurgical as well as non-surgical HypoPT (HR 
2.45, 95% CI, 1.78 - 3.35). Among patients with surgical HypoPT, 
risk of depression and bipolar affective disorders was significantly 
increased (HR 2.01; 95% CI 1.16-3.50). 
Infections:  Risk of being hospitalized due to an infection was 
significantly increased among patients with postsurgical (HR 1.42; 
95% CI 1.20-1.67) and non-surgical (HR 1.94; 95% CI, 1.55 - 2.44) 
HypoPT. Risk of urinary tract infections was borderline significantly 
increased in postsurgical HypoPT (HR 1.36; 95% CI 0.97-1.91) and 
significantly increased in nonsurgical HypoPT (HR 3.84; 95% CI, 
2.24 - 6.60). Risk of hospitalization due to infections remained 
significantly increased after exclusion of hospitalizations due to 
urinary tract infections. 
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Seizures: Risk of being hospitalized due to seizures was significantly 
increased in postsurgical HypoPT (HR 3.82, 95% CI, 2.15–6.79) as 
well as in nonsurgical hypoPT (HR 10.05; 95% CI, 5.39 – 18.72). 
Cataract: Risk of cataract was significantly increased in nonsurgical 
HypoPT (HR 4.21; 95% CI, 2.13 – 8.34), but not in postsurgical 
HypoPT (HR 1.17; 95% CI 0.66-2.09). 
Fractures: Overall, risk of any fracture as well as risk of fractures at 
specific skeletal sites did not differ between patients and controls. 
However, in postsurgical HypoPT risk of upper extremities fractures 
was significantly increased (HR 1.93; 95% CI, 1.31 – 2.85) including 
risk of fractures at the forearm (HR 2.83; 95% CI, 1.43 – 5.63) and 
proximal humerus (HR 2.81; 95% CI, 1.34 – 5.85). On the contrary, in 
postsurgical HypoPT, risk of fractures at the upper extremities was 
significantly decreased compared with the general background 
population (HR 0.69; 95% CI 0.49-0.97). 
Intracerebral calcifications: In a small case-series from Denmark, the 
presence of intracranial calcification was systematically investigated 
by CT-scans in 16 patients with nonsurgical HypoPT and eight 
patients with pseudohypoparathyroidisme (psHypoPT) [4]. 
Calcifications were present in 69% of the patients with nonsurgical 
HypoPT and in all (100%) patients with psHypoPT. In all 19 patients 
with calcifications, globus pallidus was affected. In five patients, 
calcifications were only found in globus pallidus, whereas all of the 
remaining 14 patients also had calcifications in their caudate nucleus. 
The putamen was affected in 11 cases, the thalamus in 10 and the 
cerebral cortex in nine patients. Calcification in the cerebellum and 
brainstem was found in four and three cases, respectively. Similar 
findings have been reported in a study from India including 145 
patients with nonsurgical HypoPT, among whom 74% had intracranial 
calcifications [5]. In the study, independent predictors of progression 
of calcifications were a history of seizures at presentation (OR 9.42; 
95% CI, 1.68-52.74) and the calcium/phosphorus ratio (%) during 
follow-up i.e., for every 1% increase in calcium/phosphorus ratio 
during follow-up, the odds of progression of decreased by 5% (OR: 
0·95, 95% CI: 0·93-0·99). [5] 
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Intracranial calcifications have also been reported in longstanding 
postsurgical HypoPT and may cause symptoms of Parkinson’s 
syndrome [6]. In a small case series of nine patients with postsurgical 
HypoPT, calcifications were detected by CT-scans in five of the 
patients [7].  
Malignant diseases: In the Danish cohort study, risk of 
gastrointestinal cancer was significantly decreased in postsurgical 
HypoPT (HR 0.63; 95% CI 0.44 – 0.93) and a tendency was found 
towards a lower risk of any malignant disease (HR 0.83; 95% CI, 
0.61; 1.13). In nonsurgical HypoPT, risk of any malignant disease was 
significantly decreased (HR 0.44; 95% CI, 0.24 – 0.82). 
Concluding remarks 
Only few studies are available on the prevalence of HypoPT and 
complications to the disease. More studies are needed to confirm the 
findings from the Danish cohort study.  
A number of the co-morbidities are related to extra-skeletal 
calcifications such as cataract, intracerebral calcifications, and renal 
stones/nephrocalcinosis. The increased risk of CVD in nonsurgical 
HypoPT may also be related to an increased tendency to precipitation 
of calcium salt in vascular tissues. In the Danish cohort study on 
postsurgical HypoPT, the median duration of the disease was eight 
years, whereas studied patients with nonsurgical HypoPT were aged 
mean 49.7 years. As most of the patients with nonsurgical HypoPT 
were born with the disease, they had a much longer duration of the 
disease than the postsurgical group. More studies are needed to assess 
whether longstanding postsurgical HypoPT may increase risk of CVD 
similar to nonsurgical HypoPT.  
Calcium is known to be involved in the immune response, as calcium 
acts as a second messenger in neutrophils which in part depends on 
the extracellular calcium concentration [8]. Accordingly, 
hypocalcemia may impair immune function which may explain the 
increased risk of infections.  
Conventional treatment of HypoPT with calcium and activated 
vitamin D analogues causes an increase in serum calcium levels and 
relief of classical symptoms of hypocalcemia.  
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However, although serum calcium levels are in the (low) normal range 
this should only be considered as an apparent normalization, as 
calcium-phosphate homeostasis is not normalized in a physiological 
manner in response to conventional treatment. More studies are 
needed on how to improve the therapy of HypoPT in order to lower 
patients’ risk of complications to the disease.  
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Epidemiology of hypoparathyroidism in Hungary 

Peter Lakatos 
1st Department of Medicine, Semmelweis University, Budapest, 
Hungary 

Hypoparathyroidism is a rare endocrine disorder whose incidence and 
prevalence have not been well defined (1, 2). In Hungary, there is only 
one state health insurance company, and practically everyone is 
insured, thus, the 10 million population of the country is handled in 
one single database. We analyzed this database for a 10-year period 
between 2004-2013. Our diagnosis-based prevalence approach 
estimated approximately 1,000 patients with chronic 
hypoparathyroidism in Hungary in 2013. The sub-classification of the 
diagnosis as well as the incidence of each BNO code can be seen in 
the Table 1.  

Table 1. Prevalence of hypoparathyroidism in Hungary between 2004-2013. 
Diagnosis BNO 

code 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
Idiopathic 

hypoparathyroidism E2000 130 198 198 152 160 151 163 141 122 111 
Autoimmune 

hypoparathyroidism E2001 7 10 11 18 11 16 18 16 8 16 
Idiopathic 

hypoparathyroidism 
unspec. 

E2009
10 2 3 8 11 8 8 6 8 9 

Pseudohypoparathyroi
dism E2010

28 40 42 35 39 38 47 36 36 38 
Other 

hypoparathyroidism E2080 88 95 126 111 127 143 160 157 137 151 

Hypoparathyroidism 
unspec. E2090

352 334 398 472 560 639 666 690 612 681 

Total 
  615 679 778 796 908 995 1062 1046 923 1006 

There is a continuous elevation in the prevalence of the disease with a 
more than 60% increase during the observational period. The ratio 
between females and males with hypoparathyroidism was 4:1, and it 
did not change with time. 
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Transient hypoparathyroidism after surgeries occurs in 31% of the 
cases, while the average frequency of permanent parathyroid 
hypofunction is 1.9% in Hungary. However, surgical centers with 
experienced endocrine surgeons report rates of post-thyroid surgical 
permanent hypoparathyroidism of 0.1-5.8%. Again, a number of 
confounding factors may influence these data. Incidence of 
hypoparathyroidism increases dramatically after the second neck 
surgery reaching 15% in Hungary.  

Autoimmune hypoparathyroidism may stand alone or be part of an 
autoimmune polyendocrine syndrome (APS) (5). The incidence of 
APS-1 in Hungary is 1 per million.  
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Looking at the 7 EU-defined regions of the country, we could not reveal 
differences. Incidence of hypoparathyroidism was well-proportioned to the 
population of the given region (Table 2.). 
 
Table 2. Regional incidence of hypoparathyroidism. 
Region/ 
year 

Central 
Hungary 

Central 
Transdanube 

Western 
Transdanube 

Southern 
Transdanube 

Northern 
Hungary 

Northern 
Plaines 

Southern 
Plaines 

 

2004 169 24 54 93 81 58 119  

2005 203 18 58 96 76 60 101  

2006 258 45 59 95 89 84 109  

2007 226 54 81 131 92 96 91  

2008 245 71 92 124 107 85 115  

2009 248 77 109 143 109 141 160  

2010 243 92 97 170 114 143 176  

2011 244 80 91 143 119 165 175  

2012 204 74 89 139 117 140 151  

2013 173 97 100 141 120 159 161 Grand 
total 

Total 2213 632 830 1275 1024 1131 1358 8463 

 
The present BNO coding system does not allow precise estimation of the 
etiology. Postsurgical hypoparathyroidism appears to be the most common 
cause of hypoparathyroidism (3, 4). There is an average of 5,000 thyroid 
surgeries in Hungary annually (Table 3.).  
 
Table 3. Thyroid surgeries in Hungary between 1998-2013. 
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Epidemiology of hypoparathyroidism in Russia 

Anatoly F. Romanchishen, Kristina V. Vabalayte 
Department of Hospital Surgery of State Pediatric Medical 
University, Saint-Petersburg Centre of Endocrine Surgery and 
Oncology. Saint-Petersburg, Russia 

Introduction. The most often reason of hypoparathyroidism (up to 
95%) is the specific complication of thyroid surgery - postoperative 
hypoparathyroidism (POH) due to damage or inadvertent removal of 
parathyroid glands (1). The clinical manifestation usually occurs 
within first days after operation. POH rates fluctuate between 1 and 
40%, and depend of different reasons. Symptoms are not always 
complying with severity of hypocalcemia and require various 
approaches for these patients. Those enumerated circumstances 
defined necessity of surgical and medicamentous POH preventions 
and treatments improving (2). Other etiologies for 
hypoparathyroidism (HPT) are much less common. Neonates can 
present with HPT due to suppression by maternal hypercalcemia (3). 
Autoimmune invasion and destruction of parathyroid glands (PTG) is 
the most common non-surgical cause as a part of autoimmune 
polyendocrine syndromes (4). Hemochromatosis can lead to iron 
accumulation and consequent dysfunction of the PTGs. Absence or 
dysfunction of the PTG is one of the components of hromosome  
22q11 microdeletion syndrome (DiGeorge, Schprintzen and 
velocardiofacial syndromes). Familial HPT occurs with other 
endocrine diseases, such as adrenal insufficiency. A defect in the 
calcium receptor leads to a rare congenital form of the disease. 
Magnesium deficiency may realize clinically like HPT. Other rare 
etiologies cause of HPT, presented in adults, are hemochromatosis, 
metastatic cancer and HIV. Their epidemiology follows the patterns 
for each underlying disorder. 
Purpose: to decrease the rate of clinical and asymptomatic POH by 
improvement of thyroidectomy technique and using of calcium 
mineral complex in all thyroid patients since first postoperative day.  
Tasks of research: clarification of the anatomical feature and blood 
perfusion of parathyroid glands; specification of the main thyroid
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arteries trunks ligation effects for the parathyroid function; definition 
of postoperative hypoparathyroidism rates correlation with character 
of Thyroid disease and extension of thyroid resections; 
working out an effective program for prophylactic and correction of 
the postoperative asymptomatic and clinical  hypocalcaemia. 
Materials and methods. Our research consists of anatomical and 
clinical parts. The anatomical research was performed at organ 
complex of 20 patients, died of different reasons, not associated with 
thyroid disease. Earch side of organ complex was examined as a 
separate area. The study included 40 complexes. Age of dead persons 
fluctuated between 37 to 82 years old, mean age made 64.6±2.9.In the 
second part we have identified the anatomical specificity of 
localization, blood supplying of all parathyroid glands, superior and 
inferior thyroid arteries brunching during 170 thyroid operations. 
Postoperatively we have investigated the calcium, parathyroid 
hormone (PTH) level dynamics, laboratory (asymptomatic) and 
clinical manifestations hypoparathyroidism with and without 
supplementation of patients by calcium mineral complex after 
thyroidectomy or subtotal thyroid resection in Diffuse Toxic Goiter 
(DTG), Papillary Thyroid Cancer (PTC) and Nodular Euthyroid 
Goiter (NEG) cases. 
Results. 1. Anatomical research demonstrated ligation of inferior 
thyroid artery trunk and its branches after crossing point with 
recurrent laryngeal nerve do not lead to serious disorders of PTG 
blood supplying deficiency.  
2. Subtotal resection of thyroid gland for DTG leads to more serious 
temporary hypocalcemia in compare of subtotal resection of thyroid 
gland for NEG.  
3. Thyroidectomy for PTC, DTG and NEG goes with temporary 
asymptomatic hypoparathyroidism. The rate of serum calcium and 
PTH decreased diminishes in line: DTG, TC, NEG.  
4. The rate of postoperative hypocalcaemia in TC patients after 
subtotal thyroidectomy with central compartment lymphadenectomy 
(number 6 neck lymphatic group) is higher than in patients with NEG 
after thyroidectomy. But asymptomatic hypoparathyroidism is 
temporary.  
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5. Calcium replacement by complex mineral medicine effectively 
prevents postoperative clinical and asymptomatic 
hypoparathyroidism. 
Resource results of clinical implementation of that knowledge’s in our 
clinical practice since of 2003 has shown more often damage of PTG 
resulted in POH in diffuse toxic goiter (DTG) and thyroid cancer (TC) 
patients. But we have never observed permanent POH in our patients. 
There are two reasons, according to our opinion, of permanent POH 
prevention: skill anatomical oriented thyroid surgery technic and PHG 
immediate intraoperative autotransplantation in sternocleidomastoid 
muscles (5). For improving of recurrent laryngeal nerves and PTG 
visualization we used intraoperative alcohol-based methylen blue into 
the thyroid lobes since 1983 (7, 8), which allow us to see and save 
parathyroid glands on the blue background of the stained thyroid 
tissue. 
During last 10 years (2003 - 2012) we operated on TC 3893 and 717 
DTG patients. All together – 2589 cases. In 259 patients (11.0%) one 
or more PTGs autotransplantation were performed. We are shure that 
simple procedure restore supplying of patients by PHG with time.   
Conclusion. Worked out an effective program of surgical and 
medicamentary prevention and correction of postoperative 
hypoparathyroidism by calcium supplements in respect of thyroid 
disorders and type of surgical treatment. Singled out the using of 
concept “postoperative laboratory hypoparathyroidism” and 
“postoperative clinical hypoparathyriodism”. 
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Etiologies of Hypoparathyroidism  

Dolores M. Shoback 
University of California, Division of Endocrinology and Metabolism, 
Endocrine Research Unit, Department of Veterans Affairs Medical 
Center, San Francisco, CA, USA 

The causes of hypoparathyroidism in endocrine clinical 
practice divide themselves into post-surgical (75%) and idiopathic, 
genetic or autoimmune (25%) etiologies (1,2). The procedures 
responsible for post-surgical hypoparathyroidism include thyroid, 
parathyroid or laryngeal surgeries conducted for both benign and 
malignant conditions. Post-surgical hypoparathyroidism is transient in 
~20-25% of cases, but becomes permanent in the remainder of cases 
(~75-80%). The definition of post-surgical hypoparathyroidism will 
vary based on the opinion and experience of different experts. Most 
endocrinologists will accept the presence of hypocalcemia (serum 
calcium (Ca) concentration < 2.0 mM) with an inadequate parathyroid 
hormone (PTH) response (either frankly low or inappropriately 
normal intact PTH levels) 6 months after a cervical surgical procedure 
as meeting the definition of post-surgical hypoparathyroidism.   

The rates for post-surgical hypoparathyroidism vary 
substantially across centers and among surgeons. The following key 
risk factors have been identified: extent of surgery (unilateral vs 
bilateral cervical exploration); underlying etiology (benign nodule vs 
thyroid cancer, substernal goiter and Grave’s disease); and experience 
of the surgeon, based on case volume [with number of procedures 
defined as low (<10/year), medium (10-99/year), and high (100 or 
>/year)] (3-8). The lowest rates of complications are noted with 
surgeons who have the highest case volume (8). The rates of 
permanent hypoparathyroidism post-total thyroidectomy without 
central lymph node dissection range from 0.2 to 9.3% across multiple 
centers in a recent survey (9).  
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Several advances in imaging and surgical approach have 
affected the risk of post-surgical hypoparathyroidism in patients being 
operated on for primary hyperparathyroidism. In cases of reoperations 
for recurrent or persistent primary hyperparathyroidism, the use of 
intraoperative parathyroid hormone (PTH) monitoring plays a key role 
in preventing accidental parathyroid removal and eventual 
hypoparathyroidism (10). Intraoperative PTH monitoring has not, 
surprisingly, significantly affected the rate of cure or the rate of 
recurrent laryngeal nerve damage in patients undergoing parathyroid 
exploration. Advances in imaging have also been critical. The ability 
to localize the culprit parathyroid tumor reliably preoperatively by 
ultrasound, thallium-sestamibi scanning, computed tomography (CT, 
including 4-D CT), and or magnetic resonance imaging has further 
substantially lowered the risks of post-parathyroidectomy 
hypoparathyroidism. Finally, the ability to approach initial and 
recurrent primary hyperparathyroidism with a minimally invasive 
surgical approach has had a broad and positive impact on the overall 
risks of complications including those of parathyroid insufficiency.     

Surgery for carcinoma of the larynx also poses a risk to 
patients for postoperative hypocalcemia due to accidental parathyroid 
removal or devitilization. After a total laryngectomy for cancer, the 
rates for permanent hypoparathyroidism are variable but substantial, 
although large series have not been accumulated. Rates of post-
surgical hypoparathyroidism are highly dependent on the extent of 
surgery performed, presence of stage 4 cancer, history of 
radiotherapy, and performance of bilateral neck dissection (11,12).  
All of these factors increase the overall risk for this complication.  
Rates of hypoparathyroidism after laryngeal surgery can vary from 
12% to as high as 73% in patients undergoing laryngectomy and 
partial thyroidectomy and pharyngo-laryngectomy and total 
thyroidectomy, respectively (11).   

Permanent hypoparathyroidism unrelated to surgery results 
from a number of different etiologies. They include infiltrative and 
destructive conditions, genetic diseases, autoimmune disorders, and 
both chronic magnesium (Mg) depletion and hypermagnesemia.  
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Mg depletion can be due to gastrointestinal or renal losses 
often due to malabsorption, diarrhea, poor nutrition, excessive alcohol 
intake or drug-induced. Hypermagnesemia will only occur if renal 
function is severely impaired and Mg is given or if Mg is given to 
suppress pre-term labor.  

Infiltration of the parathyroid glands leading to gradual loss of 
PTH secretory function include chronic iron overload due to 
hemochromatosis and or thalassemia due to chronic transfusions (1,2). 
Although metastatic tumor can cause hypoparathyroidism, rarely does 
a tumor invade all 4 glands and reduce PTH secretion to levels 
insufficient to maintain normal calcium (Ca) homeostasis.   

Genetic etiologies of hypoparathyroidism include gain of 
function mutations in the calcium-sensing receptor (CaSR) or in G-
alpha 11 (1,2,13,14) (see Table). Both are autosomal dominant 
disorders. The CaSR couples small changes in the extracellular [Ca] to 
changes in the activity of signaling pathways within the parathyroid 
cells. Similarly, G-alpha 11 is the alpha subunit of the G-protein that 
couples the CaSR to downstream signaling pathways in parathyroid 
cells (13,14). Mutations in these two critical proteins in the 
extracellular Ca-sensing pathway are recently appreciated genetic 
etiologies for autosomal dominant hypocalcemia.   

Other genetic causes for hypoparathyroidism include loss of 
function mutations in the PTH gene, which can cause autosomal 
dominant or recessive hypoparathyroidism, or in genes encoding 
critical transcription factors involved in parathyroid gland 
development - namely GATA3 and GCM2 (1,2) (see Table).  
Mutations in GATA3 also cause renal anomalies and deafness, as well 
as hypoparathyroidism, and are inherited as an autosomal dominant 
trait.  Mutations in GCM2 cause isolated hypoparathyroidism and are 
inherited mostly as an autosomal recessive disorder. Autoimmune 
hypoparathyroidism can be an isolated finding or part of autoimmune 
polyglandular syndrome type 1 (APS1) (15).  
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APS1 is mainly due to mutations in the autoimmune regulator 
(AIRE) gene, a transcription factor, and is classically accompanied by 
childhood-onset adrenal insufficiency, candidiasis, and other 
autoimmune disorders (e.g., hypogonadism and type 1 diabetes) and 
manifestations. Typically, homozygous mutations in AIRE cause 
APS1. APS1 is marked by the production of autoantibodies to alpha 
or omega interferons most commonly as well as to other intracellular 
proteins (15). 

Several syndromes have also been identified that include 
hypoparathyroidism as one component, and varying patterns of 
inheritance have been described. They include the DiGeorge, Kenny-
Caffey, Kearns-Sayre, and Sanjad-Sakati syndromes. The DiGeorge 
syndrome occurs in the range of ~1/4000-5000 live births. Hence, it is 
not uncommon, but hypoparathyroidism as one of its features has 
variable penetrance. Hypoparathyroidism can also be caused by 
mitochondrial DNA mutations which are very rare. Gene sequencing 
and other types of genetic testing (e.g., for DiGeorge Syndrome) can 
be done reliably, quickly affording the confirmation for a molecular 
etiology for hypoparathyroidism in many non-surgical cases.    
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TABLE: Genetic Causes of Hypoparathyroidism 

Gene mutated or 
disorder 

Mode of Inheritance Phenotypic features 

PTH Autosomal dominant or 
recessive 

Isolated hypoparathyroidism 

GCM2 Autosomal recessive or 
rarely dominant 

Isolated hypoparathyroidism 

GATA3 Autosomal dominant Hypoparathyroidism, 
deafness, renal anomalies 
and dysfunction 

AIRE Autosomal recessive Hypoparathyroidism, 
adrenal insufficiency, 
mucocutaneous candidiasis 
plus possibly 
hypogonadism, vitiligo, type 
1 diabetes, autoimmune 
thyroid disease 

Casr Autosomal dominant Hypoparathyroidism 
sometimes with 
hypercalciuria 

G alpha 11 Autosomal dominant Isolated hypoparathyroidism 
DiGeorge Syndrome 
(TBX1 deletion) 

Autosomal dominant Cardiac, pharyngeal, 
immunologic, ocular and 
psychiatric abnormalities 
and hypoparathyroidism 

Sanjad-Sakati Syndrome 
(TBCE)

Autosomal recessive 
form due to mutations 
in TBCE (similar to 
Kenny-Caffey 
syndrome) 

Short stature, intellectual 
disability, dysmorphism, 
microcephaly, ocular 
abnormalities, and 
hypoparathyroidism 

Kenny-Caffey Syndrome 
(FAM111A) 

Autosomal dominant Features of Sanjad-Sakati 
plus impaired skeletal 
development with small and 
dense bones, short stature, 
and hypoparathyroidism 
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Genetic forms of hypoparathyroidism 

Rajesh V. Thakker  
May Professor of Medicine, University of Oxford, Academic 
Endocrine Unit, Radcliffe Department of Medicine, OCDEM (Oxford 
Centre for Diabetes, Endocrinology and Metabolism), The Churchill 
Hospital, Headington, Oxford, UK 

Genetic forms of hypoparathyroidism may occur as part of syndromic 
disorders or as a non-syndromic solitary endocrinopathy, which is 
called isolated or idiopathic hypoparathyroidism (1-3) (Table 1). This 
section will briefly review: the genetics of syndromic and non-
syndromic forms of hypoparathyroidism; the value of genetic testing 
in clinical practice; indications for mutational analysis in 
hypoparathyroidism; and the clinical approach to gene testing in a 
patient with hypoparathyroidism. 

Syndromic forms of hypoparathyroidism include: autoimmune 
polyglandular syndrome type 1 (APS1) in which hypoparathyroidism 
occurs with candidiasis and Addison’s disease; DiGeorge syndrome 
(DGS), in which hypoparathyroidism occurs with immunodeficiency, 
congenital heart defects and deformities of the ear, nose and mouth; 
hypoparathyroidism-deafness-renal dysplasia (HDR) anomaly in 
which hypoparathyroidism occurs with sensorineural deafness, and 
renal cysts and impairment; Kenny-Caffey syndrome, in which  
hypoparathyroidism occurs with short stature, osteosclerosis, cortical 
thickening of long bones, delayed fontanel closure, basal ganglia 
calcification, nanophthalmos, and hyperoptia; Barakat syndrome in 
which hypoparathyroidism occurs with nerve deafness, and a steroid-
resistant nephrosis leading to renal failure; Dubowitz syndrome in 
which hypoparathyroidism occurs with intrauterine growth 
retardation, short stature, microcephaly, mental retardation, eczema, 
blepharophimosis, ptosis and micrognathia; Bartter syndrome type 5, 
in which hypocalcaemia is accompanied by hypokalaemic acidosis, 
renal salt washing that may lead to hypotension, hyper-reninaemic 
hyperaldosteronism, increased urinary prostaglandin excretion, 
hypercalciuria and nephrocalcinosis; Kearns-Sayre syndrome (KSS) 
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in which hypoparathyroidism may occur with progressive external 
ophthalmoplegia, pigmentary retinopathy, cardiomyopathy, heart 
block and sensorineural deafness; the mitochondrial encephalopathy, 
lactic acidosis, and stroke-like episodes (MELAS) syndrome in which 
hypoparathyroidism may occur with diabetes mellitus; and the 
mitochondrial trifunctional protein deficiency (MTPDS) syndrome, a 
disorder of fatty-acid oxidation, in which hypoparathyroidism may 
occur in association with peripheral sensorimotor polyneuropathy and 
a dilated cardiomyopathy (1,3-5). These syndromic forms of 
hypoparathyroidism are due to mutations as follows: APS1 is caused 
by mutations of the autoimmune regulator 1 (AIRE1) gene, encoding 
a 545-amino acid protein that mediates E3 ubiquitin ligase activity 
and elimination of organ-specific T-cells in the thymus; DGS type 1 
(DGS1) is due to abnormalities of TBX1, which is a DNA-binding 
transcriptional factor of the T-Box family, and DGS2 is likely due to 
mutations of the nebulette (NEBL) gene; HDR is due to mutations of 
GATA3, a zinc-finger transcription factor; Kenny-Caffey types 1 and 
2 are due to mutations of the tubulin-specific chaperone (TBCE) and  
family with sequence similarity 111, member A, (FAM111A) genes, 
respectively; Bartter syndrome type 5 is due to mutations of the 
calcium-sensing receptor (CaSR); and KSS, MELAS and MTPDS are 
due to mitochondrial mutations and deletions (1,3-6). The genetic 
abnormalities causing the Barakat and Dubowitz syndromes and other 
familial forms of syndromic hypoparathyroidism, which may be 
associated with lymphoedema, nerve deafness, developmental delay, 
nephropathy, mitral valve prolapse, or brachytelephalangy, remain to 
be identified (1).  

Non-syndromic (i.e., isolated) forms of hypoparathyroidism may be 
inherited as autosomal dominant, autosomal recessive and X-linked 
recessive disorders, and involve abnormalities of the: glial cells 
missing 2 (GCM2), a parathyroid-specific transcription factor; CaSR; 
G-protein α subunit (GNA11); parathyroid hormone (PTH); and 
SOX3, a high-mobility group box transcription factor (1,3,6-9).   
Gain-of-function CaSR mutations result in autosomal dominant 
hypocalcaemia type 1 (ADH1), and ADH1 patients generally have 
normal serum PTH concentrations and hypomagnesemia, and 
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treatment with vitamin D or its active metabolites to correct the 
hypocalcaemia may result in marked hypercalciuria, nephrocalcinosis, 
nephrolithiasis and renal impairment (6). Gain-of-function Gα11 
mutations result in ADH2 which resembles hypoparathyroidism (7-9), 
ADH2 patients have clinical features that are similar to ADH1 (6,7).  

Gene Testing in Clinical Practice  
Genetic testing for mutations is helpful in clinical practice in several 
ways that include: 1) confirmation of the clinical diagnosis so that 
appropriate screening for associated endocrinopathies or organ 
dysfunction can be undertaken; 2) implementation of appropriate 
treatment, e.g. avoiding vitamin D treatment to restore 
normocalcaemia in ADH1 patients as this will lead to renal 
complications; commencement of appropriate hormone replacement 
such as in patients with Addison’s disease; 3) identification of family 
members who may be asymptomatic but harbor the mutation and 
therefore require screening for development of endocrinopathies or 
other disorders and early/appropriate treatment; and 4) identification 
of the 50% of family members who do not harbor the familial 
germline mutation and can therefore be reassured and alleviated of the 
anxiety burden of developing future endocrine disease and other 
associated disorders (1). This latter aspect cannot be over-emphasized 
as it helps to reduce the cost to the individuals and their children, and 
also to the health services in not having to undertake unnecessary 
biochemical and investigations. One study has reported that overall 
35% of 20 patients who had childhood-onset, permanent 
hypoparathyroidism, which was not due to a chromosome 22q11 
deletion, had a mutation in one of 3 genes (GATA3, GCM2 and 
CASR) (10). Moreover, amongst the 13 patients with syndromic 
hypoparathyroidism, which was associated with deafness and/or renal 
dysplasia, 6 (i.e. >45%) had a mutation involving GATA3, GCM2 or 
CASR, and amongst 7 patients with non-syndromic 
hypoparathyroidism 2 (i.e. >25%) had a mutation involving GCM2 
(10). These studies indicate that the likelihood of a genetic aetiology 
in hypoparathyroidism is likely to be high.   
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Indications for testing for germline mutations in hypoparathyroid 
patients include: 1) hypoparathyroidism occurring at a young age; 2) 
occurrence of other endocrinopathies, metabolic abnormalities, or 
non-endocrine congenital abnormalities (Figure 1); 3) family history 
of hypoparathyroidism, consanguinity or autoimmunity; and 4) being 
a first degree relative of a known mutation carrier (1).  Genetic testing 
can be performed using DNA obtained from leukocytes, salivary cells, 
skin cells or hair follicles. It is important to emphasize that best 
clinical practice for such genetic testing should include agreement (i.e. 
informed consent) from the patient and access to genetic counselors.  
Genetic testing should be performed by accredited centres, some of 
which can be contacted using the following links: 
http://www.ncbi.nlm.nih.gov/sites/GeneTests/ (giving details of 
centers in Canada, Denmark, Greece, Israel, Japan and USA); 
http://www.orpha.net/consor/cgi-bin/index.php or www.eddnal.com
(giving details of centers in Austria, Belgium, Denmark, Finland, 
France, Germany, Holland, Ireland, Italy, Norway, Portugal, Spain, 
Sweden, Switzerland and UK). A clinical approach to genetic testing 
in a patient who has hypoparathyroidism (i.e., low plasma calcium and 
PTH concentrations that are undetectable, low or normal, and in 
whom other causes of hypoparathyroidism have been excluded) is as 
follows (Figure 1) (1). Patients with hypoparathyroidism in whom 
there is a high suspicion of a genetic aetiology (e.g. young age of 
onset, family history of autoimmunity or consanguinity) should be 
offered genetic counselling and germline mutation testing of the 
AIRE1, TBX1, NEBL, TBCE, FAM111A, GATA3, CASR, GNA11, 
GCM2, PTH and mitochondrial genes (1).  Such patients may have de 
novo mutations, which occur in ~10% of patients, or they may have an 
undetected family history for the disease. First-degree relatives of a 
hypoparathyroid patient with a germline mutation should be identified 
and offered genetic counselling and appropriate gene testing, and 
individuals who have inherited the mutation should be offered 
periodic biochemical screening, even if asymptomatic (1). First-
degree relatives who have not inherited the causative mutation require 
no further follow-up and may be alleviated of the anxiety associated 
with the development of hypoparathyroidism and associated disorders 
(1). 
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Conclusions  

In summary, hypoparathyroidism may occur as part of hereditary 
syndromes such as APS1, DGS, and HDR or as an isolated 
endocrinopathy due to abnormalities of the GCM2, CaSR, GNA11, or 
SOX3 genes. Genetic testing, which is available, in hypoparathyroid 
patients helps in the diagnosis of syndromic and non-syndromic forms 
of hypoparathyroidism, and in the planning of appropriate 
management and treatment.  
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FIGURE 1 
Clinical approach to establishing the genetic etiology of hypoparathyroidism. The 
genes for each disorder are indicated in italics and additional details are provided in 
Table 1.  (Adapted from Thakker et al 2015, reference [1]) 
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TABLE 1.  Genetic Disorders Associated with Hypoparathyroidism 

Disease Inheritance Gene / Protein Chromosomal  
  location 

Syndromic forms 

 Hypoparathyroidism associated with Autosomal recessive AIRE-1 21q22.3 
  polyglandular autoimmune syndrome 
 (APECED) 
 DiGeorge type 1 Autosomal dominant TBX1 22q11.2/10p  
 DiGeorge type 2 Autosomal dominant NEBL 10p13-p12 
 HDR Syndrome Autosomal dominant GATA3 10p14 
 Kenney Caffey type 1, Sanjad-Sakati Autosomal dominant/recessive TBCE 1q42.3 
 Kenney-Caffey type 2 Autosomal recessive FAM111A 11q12.1 
 Barakat Autosomal recessive † Unknown ? 
 Dubowitz Autosomal recessive† Unknown ? 
 Bartter type 5 Autosomal dominant CaSR 3q21.1  
 Lymphoedema Autosomal recessive Unknown ? 
 Nephropathy, nerve deafness Autosomal dominant † Unknown ? 
 Nerve deafness without renal dysplasia  Autosomal dominant Unknown ? 
 Hypoparathyroidism associated Maternal Mitochondrial genome 
 with KSS, MELAS and MTPDS 

Non-syndromic forms 

 Isolated hypoparathyroidism Autosomal dominant PTH, GCMB  11p15*, 6p24.2 
  Autosomal recessive PTH, GCMB  11p15*, 6p24.2 
  X linked recessive SOX3¶  Xq26-27 
 ADH1 Autosomal dominant CaSR  3q21.1 
 ADH2 Autosomal dominant  Gα11   19p13 

ADH1 and ADH2 – Autosomal dominant hypocalcaemia type 1and 2, respectively 
KSS – Kearns Sayre Syndrome.  MELAS  Mitochondrial encephalopathy, stroke like 
episodes and lactic acidosis.  MTPDS – Mitochondrial trifunctional protein deficiency 
syndrome.  HDR – hypoparathyroidism, deafness, renal dysplasia 
* Mutations of PTH gene identified only in some families  
¶ Deletion-insertion in possibly regulatory region 
† Most likely inheritance shown, Location not known  

Claudin 16 (CLDN16) and transient receptor potential cation channel, sub family M, 
member 6 (TRPM6) whose mutations are associated with hypomagnesaemia and thereby 
impairment of PTH secretion, are not included 
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Permanent postoperative hypoparathyroidism 

Henning Dralle 
Halle/Saale, Germany 

Permanent postoperative hypoparathyroidism (PPH) represents one of the 
most important long-term complications after thyroidectomy. PPH is 
observed in up to 7% after total thyroidectomy (8), and is the second most 
frequent cause of thyroid surgery related malpractice claims (15%) 
following recurrent laryngeal nerve palsy (50%) (5). Predominant reasons 
for PPH are devascularization of parathyroid glands (PG), and, but less 
often, incidental removal of parathyroids. Halsted (1907) was one of the 
first who described in detail vascular anatomy of PG in order to avoid 
devascularization (14). His statement: “contraindicate the sacrifice of a 
single parathyroid” is consistently true up today. PPH after total 
thyroidectomy comprises major disease burden concerning renal 
pathology and basal ganglia calcifications (29). As with recurrent 
laryngeal nerves (RLN) visualization and preservation of parathyroid 
glands is therefore an essential element of meticulous approach to 
thyroidectomy. However, in contrast to RLN management there is no 
methodology comparable to intraoperative neuromonitoring (3) which 
allows immediate assessment of parathyroid function during 
thyroidectomy. 

There are various definitions of PPH concerning the time point transient 
postoperative hypoparathyroidism turns into PPH, however, most studies 
agree that the need for continuous calcium and/or Vitamin D 
supplementation is essential for defining PPH (45; 21; 19; 22; 1; 17; 12; 
28). Of note, some few patients are normoparathyrinemic but 
hypocalcemic (37) representing a minor form of PPH.

Biochemical risk factors for PPH are low below normal reference values 
of serum calcium and parathyroid hormone (PTH) (16; 1; 39; 19).  
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Frequency of PPH is associated with early postoperative decrease of 
serum calcium and PTH (symptomatic > asymptomatic), but almost zero 
with postthyroidectomy PTH > 10 (-15) pg/ml (22; 46; 42). As earlier the 
onset of postoperative hypocalcemia as longer the recovery time (24). 

Surgical risk factors for PPH include surgeon experience (2; 10; 15; 11), 
extent of surgery (44; 31; 4; 18; 8) and thyroid disease (18; 45), 
unintentional parathyroidectomy (27; 33; 23; 41; 25; 40; 30; 43), 
vascularization of PG, autotransplantation and the number of in situ 
preserved PG (6; 7; 9; 14: 20: 26; 28; 32; 34; 36; 38; 43; 45). Limited 
experience, Graves’ disease, retrosternal goiter, surgery without 
magnifying glasses, and increasing extent of surgery may increase the 
frequency of PPH (2; 10; 44; 13; 35; 31; 4; 8). 

Unintentional parathyroidectomy in most studies was not a risk factor for 
PPH (30; 43), however, quality of some studies were low. There is only 
limited evidence that autotransplanted PG are producing sufficient 
amount of PTH to prevent PPH (26; 7), instead, the number of PG in situ, 
even when discolored, are of utmost importance for risk reduction of PPH 
(20; 36; 38; 45; 28). 

In conclusion, frequent surgical opinion that postoperative hypocalcemia 
does not impact the PPH rate is only true for asymptomatic patients with 
postoperative PTH > 10 (15) pg/ml. Liberal autotransplantation of PG 
should be abandoned, because there is only limited evidence that 
autotransplanted PG are producing sufficient amount of PTH to prevent 
PPH. Instead, the number of PG preserved in situ - even when disclosed - 
are of utmost importance for risk reduction of PPH. Not only 
autotransplantation of PG, but also frozen sections to prove or exclude 
parathyroid tissue during thyroidectomy therefore should be abandoned 
aiming to preserve as much parathyroid tissue as possible, just as Halsted 
100 years ago (14) stated: "contraindicate the sacrifice of a single 
parathyroid". 
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Transient Postsurgical Hypoparathyroidism 

Rocco Bellantone 
Chirurgia Endocrina e Metabolica, Policlinico “A. Gemelli”, Rome, Italy 

SUMMARY  
Postoperative hypocalcemia is the most common complication observed 
in patients undergoing bilateral thyroid resection, with reported incidence 
ranging from 1.6% to 68%, depending on the experience of the center.[1] 
Unfortunately, available studies on this subject are etherogeneous about 
the definition of hypocalcemia, the extension of surgery, and the 
diagnosis.  
We define hypocalcemia as a serum calcium concentration <8.0mg/dL, 
even if in 1 measurement. According to this definition we have recently 
revised data of patients undergone total thyroidectomy at our Institution. 
We have found an overall rate of temporary hypoparathyroidism of 
20.1% and a rate of permanent hypoparathyroidism of 0.8%, irrespective 
to preoperative diagnosis and pathological findings.  
Despite hypocalcemia is self-limiting in most patients, symptomatic 
hypocalcemia is of particular concern. 
Although several authors have attempted to identify risk factors in the 
development of postoperative (PO) hypocalcemia and 
hypoparathyroidism, it is not easy to predict which patients will need 
calcium supplementation, vitamin D (VD) supplementation, or both to 
prevent or treat symptoms.  
A concern for symptoms of hypocalcemia can lead to prolonged 
hospitalization of patients who would otherwise be discharged early after 
operation.  
Because of the difficulty in identifying reliable risk factors for post-
thyroidectomy hypocalcemia, routine oral calcium (OC) supplementation 
has been proposed empirically to avoid the risk of hypocalcemic crisis 
and to enhance hospital discharge after bilateral thyroid resection. This 
proposal is in agreement with the trend, observed during the last decade, 
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toward the reduction of postoperative stay for thyroid operation in an 
attempt to decrease costs. 
In 2002 [2] we published the results of a study demonstrating that routine 
supplementation therapy (OC or OC + VD) can effectively prevent 
symptomatic hypocalcemia thus allowing for a safe early discharge of 
patients who undergo total thyroidectomy. 
However, to minimize complications and readmissions for symptoms and 
to allow for a safe early discharge without over-treating a large number of 
patients, one should be able reliably to identify the cohort of patients at 
risk for postoperative hypocalcemia who should be treated as early as 
possible; patients who are not at risk could be eligible for a very early 
discharge (same day or PO 1). Because parathyroid insufficiency is the 
main contributor for severe and symptomatic hypocalcemia, intra- or 
perioperative intact parathyroid hormone (iPTH) measurements are 
considered helpful in the identification of patients who are at risk for 
post-thyroidectomy hypocalcemia. 

In a previous study,[3] we investigated the utility of iPTH measurement 
in predicting which patients developed clinically relevant postoperative 
hypocalcemia early after thyroidectomy and needed supplementation, and 
those who were eligible for a safe early discharge. In that relatively small 
series of patients, we found that iPTH levels 4 hours after operation (4h-
iPTH) seemed to be the most accurate and earliest predictor of post-
thyroidectomy hypocalcemia. 

However, after the initial enthusiasm related to our preliminary 
experience [3], in our second study we found that 13.4% of patients with 
normal postoperative iPTH levels may develop PO hypocalcemia [4].  
As suggested by other authors, the unexpected and quite discouraging 
results of this study, at least in part, may be because the pathogenesis of 
post-thyroidectomy hypocalcemia seems to be variable and possibly 
multifactorial, even if impaired parathyroid function remains the most 
important factor. As a consequence, the use of iPTH levels alone as a 
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predictor of post-thyroidectomy hypocalcemia could fail to detect a 
significant number of patients with hypocalcemia.  
Further studies demonstrated that, combining early postoperative iPTH 
and serum calcium levels, could result in better predictability of the risk 
of postoperative hypocalcemia. Based on the latter findings, we [5] 
developed a selective supplementation treatment protocol for patients 
who underwent bilateral thyroid resection that is based on both early PO 
iPTH and serum calcium levels (1PO-Ca), differentiating among patients 
who receive OC and VD from those who receive OC alone (patients with 
normal iPTH levels and subnormal serum calcium levels) and those who 
are discharged without any supplementation treatment (normal iPTH and 
normal serum calcium levels). The combination of 4 h-iPTH and 1 PO-Ca 
levels allows for an accurate stratification of the risk of post-
thyroidectomy hypocalcemia. Patients with normal 4 hiPTH and 1PO-Ca 
(euparathyroid normocalcemic patients) are not at risk of hypocalcemia 
and could be discharged without any supplementation treatment. Patients 
with normal 4h-iPTH and subnormal 1PO-Ca (euparathyroid 
hypocalcemic patients) are at risk of slight, self-limiting hypocalcemia 
and could be preventively treated with OC alone. Patients with subnormal 
4 h-iPTH (hypoparathyroid patients) are at risk of clinically significant 
hypocalcemia and should be preventively treated with a combination of 
OC and VD. Selective supplementation treatment based on this risk 
stratification was efficacious in preventing symptomatic hypocalcemia, 
thus avoiding the need of any supplementation in most patients (146/230, 
63%) and avoiding the administration of VD in about one third of the 
supplemented patients (25/84, 30%). This could ultimately result in a 
shorter hospital stay and better allocation of health resources, and also 
avoid the constraints and risks of routine supplementation treatment. 
Recently [6] we analysed data of 1506 patients who underwent total 
thyroidectomy between January 2012 and December 2013. Aim of the 
study was to identify risk factors of hypocalcemia in patients with normal 
PTH level early after operation. Among 1170 patients with normal 4hrs-
PTH (≥10 pg/ml), 180 (15.4% of the euparathyroid patients) experienced 
hypocalcemia requiring OC administration. Supplementation treatment 
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was discontinued within 3 months in all these patients. Among the 
euparathyroid patients no significant difference was found between 
normocalcemic and hypocalcemic patients in terms of age, hormonal 
status, preoperative PTH and 25OH-VD. These results support the thesis 
that toxic goiter and 25OH VD deficiency don’t represent risk factors for 
post-thyroidectomy hypocalcemia. On the contrary, at univariate analysis, 
euparathyroid hypocalcemic patients had significant lower preoperative 
serum calcium (p≤0.000) e magnesium levels (p≤0.001), significant lower 
4hrs-PTH levels (p≤0.000) and higher PTH level decline (p≤0.000). At 
multivariate analysis independent risk factors for hypocalcemia in 
patients with normal 4hrs-PTH were preoperative serum calcium levels 
and PTH decline≥50%. In conclusion the study demonstrated that relative 
parathyroid insufficiency seems to be the principal mechanism of post-
thyroidectomy hypocalcemia, even in patients with normal postoperative 
PTH levels.  
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Imaging in Hypoparathyroidism 

Barbara C. Silva, MD, PhD 
Felicio Rocho Hospital, Santa Casa de Belo Horizonte, Belo Horizonte, 
Brazil 

Hypoparathyroidism (HypoPT) is an uncommon endocrine disorder 
characterized by chronic deficiency of parathyroid hormone (PTH), 
which leads to a profound reduction in bone remodeling. The PTH-
deficiency and the resulting decrease in bone turnover are manifested on 
the skeleton by increased bone mass in both cancellous and cortical bone 
compartments. This report briefly reviews the skeletal involvement in 
HypoPT, as assessed by standard dual-energy X ray absorptiometry 
(DXA), trabecular bone score (TBS), quantitative computed tomography 
(QCT) and high resolution peripheral QCT (HRpQCT). The effect of 
PTH replacement on the skeleton in subjects with HypoPT, as assessed by 
these imaging approaches, is also summarized here. 

BMD by DXA 
Subjects with HypoPT, regardless of its etiology, typically have bone 
mineral densities (BMD) by DXA that are greater than age- and sex-
matched controls (1-5). In 33 subjects with HypoPT, including 9 men, 14 
pre- and 10 postmenopausal women, BMD Z-scores were +2.2 at the 
lumbar spine (LS), +1.1 at the total hip (TH), +1.3 at the femoral neck 
(FN) and +0.7 at the 1/3 radius. BMD was positively correlated with the 
duration of HypoPT (2). Another report from the same group showed 
that, in 27 men and women with HypoPT (mean age of 51 years), BMD 
was normal or above average for a young, normal population (6). BMD 
Z-scores significantly increased above 0 were also observed in 62 patients 
(mean age 52 years; 86% females) with HypoPT (3), and in 12 
hypoparathyroid children aged 5 to 14 years at the LS and total body (5).  
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A number of studies have examined the effect of PTH replacement on 
BMD in hypoparathyroid subjects (3, 6-9). Cusano et al. (6) evaluated 27 
subjects with HypoPT, including 7 men, 10 pre- and 10 postmenopausal 
women, treated with PTH(1-84) every other day for 4 years. There was an 
increase at the cancellous-enriched LS of 5.5±9% at 4 year, no change in 
TH and FN BMD, and a decrease at the predominantly cortical 1/3 radius 
at 2-year of 2.0±6%, that did not progress further and was not 
significantly different from baseline at the end of the 4-year period (-
1.8±8% from baseline; p=0.063). Divergent results were seen in a double-
blind, randomized study of 62 hypoparathyroid subjects (mean age 52 
years; 86% females) treated with either PTH(1–84) 100 µg daily or 
placebo for 6 months (3). Over this short-term period, PTH treatment led 
to a small but significant decline in BMD at the LS (-1.76±1.0%), hip 
(1.59%±0.57%), and total body (-1.26%±0.49%) but not at the 1/3 radius, 
when compared to placebo. Winer et al (8) studied 27 hypoparathyroid 
patients (mean age 41 years; 17 women) randomized to receive either 
open-label PTH(1–34) in divided doses averaging 37 µg or calcitriol for 3 
years. There was no between-group difference in BMD over the 3-year 
period. Compared to baseline, PTH treatment resulted in a small, but 
significant increase in FN BMD, no change in LS and whole body BMD, 
and a non-significant downward trend at the 1/3 radius BMD. In the 
calcitriol group, there was a significant increase in BMD at the whole 
body, whereas BMD remained stable in other skeletal sites. Finally, a 
small study of 5 patients with HypoPT (3 adults and 2 adolescents) 
treated with PTH(1-34) two or three times a day for 18 months showed 
that BMD Z-scores increased at the TH, remained unchanged in FN and 
LS, and decreased in total body and 1/3 radius (9).  

Trabecular Bone Score (TBS) 
TBS is a textural index that evaluates pixel gray-level variations in the 
lumbar spine DXA image, providing an indirect index of trabecular 
microarchitecture. TBS correlates with measures of bone microstructure 
by µCT and HRpQCT.  
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A preliminary study has examined the baseline TBS and the effect of 
PTH(1-84) on TBS over a 4-yr period in 39 HypoPT subjects, including 
11 men, 18 pre- and 11 postmenopausal women (mean age 48 years) 
treated with PTH(1-84) for 4 years (10). At baseline, mean TBS was 
normal at 1.429±0.020. TBS, while within normal limits, was lower in 
post- than in premenopausal women or men. In the entire cohort, PTH 
improved TBS at 2 yrs (+1.4±0.7%; p=0.057), which plateaued after this 
time point, reaching a mean gain of 1.5±0.8% at 4 years (p=0.04). 
Differences in the percent change of TBS among the groups were seen at 
18 months (p=0.04). While TBS remained unchanged in postmenopausal 
women and men, it increased in premenopausal women by 2.1±1.0% 
(p=0.04) at 18 months, and 2.6±1.0% (p=0.01) at 2 years, plateauing 
thereafter. A more recent study from the same group of investigators has 
shown similar results in 29 hypoparathyroid patients treated with PTH(1-
84) over an average of 5.7 years (11). In this study, PTH improved TBS 
throughout the entire follow-up period (p<0.0001). The increase 
progressed over time, becoming significant from 42 (+2.25±0.94%; 
p<0.02) to 60 months (+2.85±1.02%; p<0.01). 

QCT, pQCT and HRpQCT 
Chen et al. (12) evaluated volumetric density (vBMD) and bone geometry 
by pQCT of the distal radius and midradius in 9 female patients with 
HypoPT, 36 female patients with primary hyperparathyroidism (PHPT), 
and 100 age-, gender-, and body size-matched normal controls. The mean 
age of the entire group was 59.2±14.1 years. At the 4% distal radius site, 
a cancellous-enriched bone, trabecular vBMD was greater in the rank 
order HypoPT>control>PHPT. At the 20% midradius, a site enriched in 
cortical bone, cortical vBMD was also higher in the same rank order. At 
both 4% and 20% sites, total bone area and both periosteal and endosteal 
surfaces were higher in the rank order PHPT>control>HypoPT, whereas 
cortical area and cortical thickness were greater in HypoPT, than in 
controls and PHPT patients.  
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The double-blind, randomized study by Sikjaer et al (13), that evaluated 
62 hypoparathyroid subjects (mean age 52 years; 86% females) treated 
with either PTH(1–84) 100 µg daily or placebo for 6 months, has 
examined changes in QCT measures at the LS and femur in a subgroup of 
31 patients (17 on PTH treatment). As mentioned above, PTH treatment 
resulted in decreased areal BMD by DXA at the LS during the 6-month 
period. In contrast, patients treated with PTH had a median increase of 
12.2% in vBMD at the LS, whereas patients treated with placebo had a 
0.7% decrease compared to baseline. On the other hand, compared to 
changes in the placebo group, PTH treatment led to a decline in total 
vBMD at the TH (p < 0.05) and a trend toward a 4.1% decrease at the FN 
(p = 0.06). While not significant, at most subregions of the hip, PTH 
replacement tended to decrease cortical vBMD and to increase trabecular 
vBMD, when compared to the placebo group. 

Preliminary studies from investigators at Columbia University have used 
HRpQCT of the distal radius and tibia to assess the skeletal involvement, 
as well as the effect of PTH replacement, in subjects with HypoPT. 
Cusano et al (14) have compared 11 patients with HypoPT (7 
postmenopausal women and 4 men; mean age 57 years) with 11 subjects 
with PHPT matched for sex, race and menopausal status. Mean age, BMI, 
height, weight, and 25OHD did not differ between groups. At the radius, 
patients with HypoPT had greater vBMDs (total, cortical, and trabecular), 
cortical thickness, BV/TV, and trabecular number, and lower trabecular 
separation than subjects with PHPT. At the tibia, total and cortical 
vBMDs and trabecular thickness were greater in the HypoPT than in the 
PHPT group. Patients with HypoPT were treated with PTH(1-84) for 1 
year. PTH led to a small, but significant decrease in total vBMD both at 
the radius and tibia. At the tibia, there was also a decrease in cortical area, 
thickness and density. The same group of investigators has compared 
HRpQCT female-specific Z-scores of 45 hypoparathyroid women (age 
45±12 years) with normative values from the OFELY cohort (15). In 
general, patients with HypoPT had more numerous but thinner trabeculae 
than normal controls at the radius and tibia.  

 111 

In addition, cortical vBMD and cortical thickness were significantly 
higher than normal at the radius but not at the tibia. Boutroy et al (16) 
have also examined the 4-year effect of PTH(1-84) replacement on 
HRpQCT measures in 30 patients with HypoPT (25 women). PTH 
treatment resulted in a slightly increased trabecular vBMD at the radius 
after 1 and 2 years, without change in total vBMD. While cortical 
thickness remained stable at both skeletal sites, cortical vBMD fell after 1 
year of treatment at the tibia and after 2 years of treatment at the radius. 
Cortical porosity increased from baseline up to 4 years of treatment at 
both radius and tibia. 

Summary 
Patients with HypoPT have bone mineral densities by DXA that are 
greater than age- and sex-matched controls. TBS is also normal in 
subjects with HypoPT. In addition, pQCT of the radius and HRpQCT of 
the radius and tibia have shown that HypoPT is associated with greater 
trabecular and cortical volumetric densities, thicker cortices, and more 
numerous trabeculae than normal controls. In general, treatment of 
HypoPT with PTH for up to 4 years leads to either greater or unchanged 
bone mass in the trabecular compartment, and decreased or stable bone 
mass in cortical bone. 
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Bone Histomorphometry in Hypoparathyroidism 

David W. Dempster 
Clinical Pathology and Cell Biology, Columbia University, New York and 
Regional Bone Center, Helen Hayes Hospital, West Haverstraw, New 
York, USA 

The bone biopsy in hypoparathyroidism is characterized by low bone 
turnover, high cancellous bone volume and increased cortical width. 
Langdahl and colleagues (1) provided the first histomorphometric data in 
this disease. Iliac crest biopsies from 8 women and 4 men with vitamin D-
treated hypoparathyroidism displayed a decreased resorption rate and 
indices of bone formation and remodeling activation frequency were 
reduced by 54-80%. These authors reconstructed the remodeling cycle 
and found a slightly positive bone balance; the resorption depth was 
reduced and the wall thickness of the cancellous osteons was 5 µm greater 
than the resorption depth. As a result, in each remodeling unit slightly 
more bone was being deposited than removed 

Rubin et al (2) reported an increase in cancellous bone volume in a 
larger study, comprising of 33 subjects (24 women and 9 men) with 
vitamin D-treated hypoparathyroidism. This was the result of increased 
trabecular width with trabecular number being similar to controls. 
Cortical width was also increased compared to controls and while cortical 
porosity was slightly lower, this difference was not statistically 
significant.  
This was a comprehensive study in which remodeling variables were 
measured in three bone envelopes (cancellous, endocortical, and 
intracortical). Bone formation variables, including bone formation rate, 
osteoid surface and width were consistently and substantially reduced by 
up to 5-fold across all envelopes. The reduction in bone formation rates 
were attributable to significant decreases in both mineralizing surface and 
mineral apposition rate.  
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Despite a lack of difference between hypoparathyroid and control 
subjects in eroded surface the resorption rate was significantly reduced in 
the hypoparathyroid subjects and again this was consistently seen in all 
envelopes.  

Bone histomorphometry relies on fundamental stereological principles to 
permit extrapolation from measurements on 2-dimensional sections to 3-
dimensional space. However, using microcomputed tomography 
structural measurements can be performed directly in 3-dimensions.  
Application of this technique to biopsies obtained in the study by Rubin 
and colleagues (2) confirmed the increase in cancellous bone volume in 
hypoparathyroidism and revealed not only an increase in trabecular 
thickness but also increases in trabecular number and connectivity (3). 
The structural model index was also reduced indicating a higher ratio of 
trabecular plates to trabecular rods. These findings are consistent with 
results obtained by high-resolution pQCT and microfinite element 
analysis indicating that bone strength is increased in hypoparathyroidism 
(4).

The foregoing studies were performed in subjects maintained on calcium 
and vitamin D but there are now several reports in which 
histomorphometry has been used to evaluate the effects of treatment with 
PTH. In the largest of these studies, PTH (1-84) was given at a dose of 
100 µg every two days (5) with assessment of histomorphometric 
variables at 3 months and at 1 and 2 years. PTH (1-84) treatment resulted 
in decreases in trabecular width and increases in trabecular number at 
both 1 and 2 years compared to baseline, although cancellous bone 
volume was not significantly changed. These structural changes were the 
result of rapid and persistent increases in bone turnover, which were 
evident as early as 3 months. The increase in trabecular number and 
decrease in their width was due to tunneling resorption within trabeculae.  
Broadly similar results have been obtained in other studies with both PTH 
(1-34) and PTH (1-84) treatment (6, 7). 
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Bone histomorphometry has provided much useful information on the 
effects of prolonged PTH deficiency on bone cell function and bone 
structure (8).  
However, the cellular mechanisms responsible for the dramatic increase 
in cancellous and cortical bone mass in hypoparathyroidism remain 
unclear.  
It is true that Langdahl et al (1) found a modest positive bone balance, 
which certainly could contribute to an increase in bone mass over time. 
However, given that the bone turnover rate is so low, this is unlikely to 
account for all of the bone mass increment.  
One recent hypothesis, based on mathematical modeling of adaptive bone 
modeling and remodeling, proffers that early in the disease process the 
mechanosensitivity of osteocytes is increased leading to marked 
stimulation of bone formation (9).   
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Fig 1. Bone remodeling cycles in hypoparathyroid (upper) and normal (lower) subjects. 
All phases of the remodeling cycle are elongated in hypoparathyroidism. Reproduced 
with permission [1]. 
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Fig 2. Iliac crest bone biopsies from a control subject (left) and a hypoparathyroid 
subject (right). Goldner trichrome stain. Note the higher cortical thickness and 
cancellous bone volume in the hypoparathyroid subject. Reproduced with permission 
[2]. 
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Fig 3. Histomorphometric parameters reflecting cancellous and cortical bone structure in 
subjects with hypoparathyroidism (hatched bars) and controls (open bars). Values are 
mean±SD. Drawn from data from Rubin et al [2]. 

  

 

Fig 4. Tetracycline labels in a control subject (left) and a subject with 
hypoparathyroidism (right). Note reduction in tetracycline uptake in the hypoparathyroid 
subject refelecting reduced bone turnover. Reproduced with permission [2]

Fig 5. Microcomputed tomographic images of cancellous bone from a hypoparathyroid 
subject (left) and a control subject (right). Note the higher cancellous bone volume and 
dense trabecular structure in hypoparathyroidism. Reproduced with permission [3].
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Fig. 6. Temporal changes in trabecular width (A), trabecular number (B) and 
mineralizing surface (C) in cancellous bone following treatment with PTH(1-84) 100 µg 
every other day for the indicated durations. Reproduced with permission [5]. 
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Fig 7. Changes in cancellous (A) and cortical (B) bone structure following one year of 
treatment with PTH(1-84) in a subject with hypoparathyroidism. Arrow indicate  
tunneling in cancellous and cortical bone. Reproduced with permission [5]. 
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Fig 8.Tetracycline labels in cancellous bone from a 46 year-old woman with 
hypoparathyroidism before (left) and after (right) treatment with daily injections of 
PTH(1-34). Reproduced with permission [7]. 
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Fig 9. Microcomputed tomography images of a control subject (right) and a subject with 
hypoparathyroidism (left) after 6 months of treatment with PTH(1-84) 100 µg/day. The 
upper images show cross sectional views and the lower images show longitudinal views. 
Note the tunneling resorption of trabeculae following treatment with PTH(1-84) 
(arrows). Reproduced with permission [8]. 
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Fig 10. Bone formation and resorption in a simulation of the onset of 
hypoparathyroidism. On the left osteocyte mechanosensitivity is set to 100%, whereas 
on the right it is set to 140%. Reproduced with permission [10]. 
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Bone turnover in hypoparathyroidism 

Aline G. Costa1,2, and John P. Bilezikian1

1Department of Medicine, Division of Endocrinology, Metabolic Bone 
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2 Department of Medicine, Division of Endocrinology, São Paulo Federal 
University. São Paulo, Brazil 

Hypopathyroidism (HypoPT), a disease due to PTH deficiency, is 
associated with biochemical abnormalities typically manifested by 
hypocalcemia, hypercalciuria, hyperphosphatemia and reduced 1,25-
dihydroxyvitamin D concentration. In addition to these characteristic 
biochemical abnormalities, HypoPT is associated with markedly reduced 
bone remodeling, as shown best by histomorphometric assessment of the 
transiliac bone biopsy [1]. Chronically low bone turnover leads to higher 
bone mass than the average population, in both cancellous and cortical 
compartments [2].  

Indices of bone turnover, as assessed by bone histomorphometry, are 
covered elsewhere. Due to the invasive nature of the bone biopsy, other 
more readily available methods also provide information about bone 
activity in HypoPT. Bone turnover markers (BTMs) mainly reflect 
secretory or breakdown products of bone cells or bone collagen, 
operationally divided into bone formation markers or bone resorption 
markers. BTMs are readily measured in the circulation and in the urine. 
Sclerostin, an osteocyte product, might be particularly helpful in 
assessing the skeleton in hypoparathyroidism because it is regulated, at 
least in part, by PTH. In agreement with histomorphometric findings, 
BTMs are either suppressed or in the low normal range in HypoPT [1, 3], 
even before the disease is clinically evident [4]. Additionally, HypoPT is 
associated with levels of sclerostin that are higher than euparathyroid 
healthy controls [5].  
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Replacement therapy with PTH (1-84) or its biologically active 34-
residue amino-terminal fragment known as teriparatide (PTH [1-34]) in 
HypoPT rapidly increases bone turnover, as reflected by a marked 
increase in bone formation and bone resorption markers. Nearly two 
decades ago, in a short-term crossover study comparing daily PTH(1-34) 
administered subcutaneously (SC) with calcium and calcitriol 
supplementation, Winer et al. [6] showed that there was no difference in 
BTMs changes between the two treatment regimens at 2 weeks. However, 
by week 10, the PTH (1-34) arm showed markedly increased bone 
formation markers. Moreover, the same investigators found in two long-
term crossover studies enrolling 27 adults [7] and 14 children [8] that 
BTMs increased gradually with PTH (1-34) administered subcutaneously 
when compared with calcium and calcitriol supplementation. In the adult 
cohort, BTMs levels rose strikingly, reaching a peak by 2-2.5 years of 
treatment.  BTMs levels were higher in the PTH (1-34) arm compared to 
calcitriol-calcium arm for the duration of the study [7]. In agreement with 
previous studies, BTMs levels rose with PTH (1-34) administered twice 
or thrice daily for 18 months in a small cohort of HypoPT patients [9]. 
Levels peaked by 12 months and then stabilized or decreased but 
remained above baseline levels, the only exception being osteocalcin 
which continuously rose during treatment [9]. Two other short-term 
cross-over studies compared once vs twice daily PTH (1-34) in adults 
[10] and in children [11]. The results showed that BTMs increase with 
both regimens, but not to the same extent with twice daily dosing. 
Similarly, PTH (1-34) administered twice-daily or administered 
continuously by pump increases BTMs above baseline. However, levels 
are lower and within the normal range in the pump arm compared to the 
twice-daily subcutaneous regimen [12]. Comparable results were 
observed in HypoPT children treated with PTH (1-34) delivered by pump 
or twice-daily subcutaneous injections [13]. 

Rubin et al. studied both histomorphometric and BTMs in response to the 
full length molecule, PTH (1-84) administered with an alternate day 
regimen of 100ug for 24 months in 64 HypoPT patients [1], BTMs rose 
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strikingly from the lower half of the normal range to a peak between 5-9 
months. Except for CTX, BTMs levels remained above baseline by the 
end of the study. Additionally, changes in BTMs predicted 
histomorphometric changes at 3, 12 and 24 months [1]. Similarly, in a 
smaller HypoPT cohort  treated  for 4 years with alternate day PTH (1-
84), BTMs peaked between 6-12months and declined thereafter to a new 
steady state that was higher than baseline levels [14].  Daily PTH (1-84), 
100ug, is also associated with increases in BTMs as early as 4 weeks after 
administration [15].  

Changes in BTMs during PTH administration in hypoparathyroidism 
reflect the actions of this molecule to regulate bone metabolism. 
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Quality of life (QOL) in hypoparathyroidism 

Tamara Vokes 
Section of Endocrinology, Endocrinology Fellowship Program Director, 
University of Chicago, IL, USA 

Many patients with hypoparathyroidism report symptoms that suggest 
impaired quality of life (1). These include, among others, physical 
complains such as fatigue, muscle spasms, pain, and paresthesia; 
cognitive symptoms such as “brain fog” and inability to concentrate; and 
emotional difficulties including depression and/or anxiety. Several 
publications have reported that patients with hypoparathyroidism have 
reduced QOL when compared to either normal population or suitable 
controls.  A German study found that 25 women with post-surgical 
hypothyroidism had a higher global complaint score compared to women 
who had thyroid surgery but retained normal parathyroid function (2). 
The predominant increases were in sub-scores for anxiety. Similarly, in a 
recent study from the USA 340 patients with postoperative 
hypoparathyroidism experienced symptoms that were were considerably 
worse than anticipated by 200 healthy subjects given the description of 
the disease or by the 102 experienced surgeons (3). In another study of 
postsurgical hypoparathyroidism, 688 patients from a Danish national 
registry had an increased risk of depression and other psychiatric 
symptoms when compared to 2752 matched controls (4). Idiopathic 
hypoparathyroidism is also associated with decreased quality of life – in a 
study from India these patients had higher proportion of neuropsychiatric 
and cognitive dysfunction than controls (5). Finally, a web-based survey 
of 374 patients with hypoparathyroidism in the US showed that the 
majority had fatigue as well emotional and cognitive impairments (6).  
Treatment with parathyroid hormone (PTH) was thus expected to be a 
long-awaited solution to the poor functional outcomes of conventional 
therapy. Indeed, PTH therapy has been shown to improve the biochemical 
control of the disease and reduce the need for high doses of calcium and 
active vitamin D supplements.  
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Anecdotally, many patients treated with PTH analogues report dramatic 
improvements in their QOL. However, the results from studies that 
included systematic QOL assessments using validated instruments have 
been inconsistent. With availability of PTH and its analogues it is logical 
to ask whether hormone replacement will provide better symptomatic 
control than what has been achieved with calcium and active vitamin D 
supplementation.  
There have been no studies that specifically examined QOL response to 
treatment with PTH 1-34. However, in some of the publication that 
examined efficacy of PTH (1-34) therapy in terms of calcemic control, 
the authors also mention participants’ reports of well-being. In a 3-year 
study, 14 subjects were randomized to twice-daily PTH (1-34) and 13 to 
calcitriol (conventional therapy). Fatigue was a common complaint in 
calcitriol treated subjects and several patients described less fatigue and 
greater endurance with PTH therapy (7). In a study where continuous 
PTH (1-34) delivery by insulin pump was compared to twice-daily 
injections in a 6 months randomized cross-over trial which enrolled 8 
patients with post-surgical hypoparathyroidism there was no difference in 
wellbeing as assessed by the fatigue index, 6-min walk test and Biodex 
muscle indices. Nevertheless, at the end of the study, seven out of 8 
patients preferred the pump to twice-daily injections (8).  
Several studies have examined the effect of PTH (1-84) on QOL. Cusano 
and colleagues examined quality of life (QOL) during an open label study 
of PTH (1-84) therapy in 54 hypothyroid subjects (9). The dose of PTH 
(1-84) was adjusted and the doses of calcium and calcitriol reduced to 
maintain serum calcium in the target range. QOL was assessed by SF36 at 
baseline and at several time points after starting PTH (1-84). At baseline, 
subjects scored lower than the normative reference range in all 8 domains. 
With PTH therapy, the scores improved after 1 month in several domains 
and remained higher throughout the study. Patients with postsurgical and 
other etiologies did not differ in QOL changes, and there was no 
correlation between improved QOL scores and reduction in calcium 
supplements.  
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In the 34 subjects who were followed for 2 years the improvement 
persisted for all domains that were significant at 1 year. The same study 
was extended further providing QOL data at 5 years (10). Improvements 
in the QOL scores that were observed at 2 months persisted at 5 years. 
These results suggest that PTH (1-84) therapy may improve QOL in 
addition to controlling serum calcium while allowing a reduction in 
calcium and active vitamin D doses. It should be noted, however, that 
there was no control group in this study, that only 25 of the original 
cohort of 69 subjects were evaluated at 5 years, and that the QOL score of 
the subjects who withdrew from the study were lower than in those who 
remained in the study for 5 years (10).  
Different outcomes were observed in a double-blind placebo-controlled 
study from Denmark, which assessed muscle strength by objective testing 
and QOL by SF36 and WHO-5 Well-being Index in 62 patients (11). 
Subjects were randomized to receive a daily injection of 100 mcg of 
PTH(1-84) (n=29) or placebo (n=30) in addition to their usual calcium 
and active vitamin D doses, which were decreased only if subjects 
developed hypercalcemia. At baseline, SF36 scores were lower than in 
the normal population. After 6 months, they improved in some domains 
with no significant difference between the PTH and the placebo-treated 
groups. In addition, the PTH-treated group had a trend towards decreased 
muscle function. However, high incidence of hypercalcemia among PTH-
treated patients in this study may have negatively affected muscle 
function and sense of wellbeing. 
REPLACE was an international, double-blind placebo-controlled trial 
which recruited 134 adults with hypoparathyroidism who were 
randomized (2:1 ratio) to receive daily subcutaneous injections of 
rhPTH(1–84) or placebo for 6 months (12). In contrast to the Danish 
study, which had a high incidence of hypercalcemia, in REPLACE PTH 
doses were up-titrated and calcium and vitamin D doses were reduced to 
maintain normocalcemia. QOL was assessed by SF36 at randomization 
and at 4, 12 and 24 weeks. At 24 weeks there was not difference in serum 
calcium between PTH and placebo groups.  

 135 

While there was no significant change in QOL scores between 
randomization and 24 weeks in the placebo group, subjects in PTH group 
showed improved QOL scores in 6 out of 10 domains. At 24 weeks most 
of the QOL scores were numerically higher in the PTH than in the 
placebo treated group but the differences between the two groups were 
small and not statistically significant (13).  
In summary, although it is clear that impaired QOL is a major challenge 
in hypoparathyroidism, there is no consensus regarding the causes of poor 
QOL, the ways to assess it, and therapeutic approaches that may improve 
it.  
In addition, studies of QOL during PTH therapy have yielded conflicting 
results likely due to differences in study design and the way QOL was 
assessed, as well as differences in levels of serum calcium achieved in the 
study.  Further efforts are needed to: understand which symptoms are due 
to hypo or hypercalcemia, and which are related to other aspects of the 
disease or result from its treatment; develop validated instruments to 
adequately characterize often ill-defined complaints of hypoparathyroid 
patients; and rigorously examine how various therapies influence 
biochemical and QOL variables and the relationship between them, if 
any.  
These efforts should help optimize management of this challenging 
disease through personalized approach to each patient based on their 
symptoms and biochemical assessment.   
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Refractory Hypoparathyroidism 

Karen Winer, M.D., NICHD, NIH 
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SUMMARY: 
Some forms of congenital hypoparathyroidism are challenging to manage 
due to disordered calcium regulation in the kidney (calcium receptor 
mutation) or the presence of chronic malabsorption (autoimmune 
polyglandular failure type 1) and are thus considered refractory to 
conventional therapy. Patients with these disorders are usually identified 
by specific clinical features and mutational analysis of the calcium 
receptor or AIRE genes (APS-1) (1-3). Treatment of hypoparathyroidism 
of any etiology with vitamin D analogs and calcium may lead to renal 
insufficiency or failure due to progressive nephrocalcinosis. Risk of renal 
damage is greatest in patients with hypoparathyroidism due to activating 
calcium receptor mutation (CaR), where the molecular defect 
inappropriately signals an apparent hypercalcemic state leading to 
increased renal calcium excretion, even when the serum calcium levels 
are below normal. In the more severe cases of CaR, serum calcium levels 
remain low despite treatment with large doses of calcitriol and calcium. 
APS-1 patients with concurrent malabsorption do not efficiently absorb 
dietary calcium and are susceptible to 25-OH Vitamin D deficiency. They 
need unusually high doses of conventional therapy to compensate for the 
lack of calcium absorption in the GI tract. Some become calcium infusion 
dependent because even high, pharmacologic doses of calcitriol and 
calcium fail to raise serum calcium levels into the normal range. 
Hypercalciuria may persist, even with the addition of PTH replacement, if 
doses are too high. APS-1 and CaR patients may develop elevated 
markers of bone turnover and bone pain on once-daily PTH replacement 
therapy.
We have evaluated various PTH 1-34 regimens including once-daily and 
twice-daily PTH 1-34 injections in adults and children of all etiologies. 
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We recently studied PTH delivery by insulin pump in adults with 
postsurgical hypoparathyroidism and in children with congenital 
hypoparathyroidism (4-8). With increased frequency of injections, the 
total daily dose of PTH can be reduced, in most cases by at least 50%. 
Lower doses produce less stimulation to the bone and reduce the risk of 
transient episodes of hypercalciuria. For each regimen, the subcutaneous 
PTH 1-34 injection dosage was individualized throughout treatment to 
maintain optimal calcium homeostasis, analogous to insulin dosage 
individualization in type 1 diabetes. The simultaneous normalization of 
urine and serum calcium was the initial goal. Our long-term, 3-y, study 
demonstrated that kidney function and bone density remained stable and 
mean urine and serum calcium levels were normal. 
Comparing once daily and twice daily PTH treatment in patients by 
etiology (post-surgical vs. calcium receptor mutation), serum and urine 
calcium levels were normal for both PTH regimes in patients with post-
surgical hypoparathyroidism, but neither PTH regimen (once- daily or 
twice daily injections) led to normal urine calcium excretion in the CaR 
patients (N=5). 
These unusual refractory cases of hypoaprathyroidism led us to study 
PTH delivery by insulin pump. 
In adults with post-surgical hypoparathyroidism and in children with 
congenital hypoparathyroidism, pump delivery produced normal, steady-
state levels of serum calcium and magnesium with minimal fluctuation 
and, compared to twice-daily PTH injections, significantly reduced bone 
turnover markers and urine calcium. There was also a markedly reduced 
need for magnesium supplementation; serum magnesium was higher with 
lower levels of urine magnesium excretion during pump delivery of PTH. 
The significant improvement in magnesium homeostasis is particularly 
beneficial to patients with CaR and APS-1 who may have severe 
hypomagnesemia. In summary, patients with CaR and APS-1 present 
unique therapeutic challenges and are considered refractory to 
conventional therapy. Carefully titrated PTH doses, given multiple times 
daily either by injection or pump, provide effective management for this 
group of patients. Thus, the individualization of the dose, dose schedule, 
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and mode of hormonal delivery ultimately resulted in the simultaneous 
normalization of markers of bone turnover, urine and serum calcium in all 
patients regardless of disease etiology.
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Conventional therapy of hypoparathyroidism 

Natalie E. Cusano, MD 
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Standard therapy of hypoparathyroidism is oral calcium and 
vitamin D supplementation (both active and parent forms) at varying 
doses, based on clinical judgment. The goals of therapy are to a) 
ameliorate symptoms of hypocalcemia; b) maintain serum calcium within 
the low-normal range; c) maintain serum phosphorus within the high-
normal range; d) avoid hypercalciuria; and e) avoid an elevated calcium-
phosphate product (55 mg2/dL2 or 4.4 mmol2/L2). Serum calcium, 
phosphorus and creatinine concentrations should be measured weekly to 
monthly during dose adjustments, and twice annually once a stable 
regimen has been reached. Urinary calcium and creatinine should be 
considered during dose adjustments and should be measured twice 
annually on a stable regimen to evaluate for renal toxicity (1, 2). 

Calcium 
Calcium carbonate and calcium citrate are the most common 

forms of oral calcium supplementation. Calcium carbonate contains 40% 
elemental calcium and calcium citrate contains 21% elemental calcium. 
Calcium carbonate typically requires fewer pills per day and is less 
expensive, and therefore more cost-effective (3). Absorption of calcium 
carbonate is best if taken with meals and with acid present in the stomach, 
while calcium citrate is well absorbed without regard to meals and 
doesn’t require gastric acid (4). Calcium citrate, therefore, may be more 
effective in patients with achlorhydria or in the presence of proton pump 
inhibitors. Illustrating this point, a patient with hypoparathyroidism on 
calcium carbonate sustained a generalized grand mal seizure in the setting 
of hypocalcemia 12 days after initiating proton pump inhibitor therapy 
(5).  
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Calcium citrate may also be preferred over calcium carbonate in 
those who complain of worsening constipation. “Natural” forms of 
calcium such as oyster shell, bone meal or dolomite may contain 
significant amounts of lead or other heavy metals and are not 
recommended (6, 7). Coral calcium, touted for unproven health benefits, 
is essentially an expensive source of calcium carbonate (8). Calcium 
glubionate, gluconate and lactate contain lower amounts of elemental 
calcium (6.6%, 9% and 13%, respectively) and are generally not used for 
chronic supplemental calcium therapy. The amount of elemental calcium 
supplementation required by patients varies greatly, typically 500-1000 
mg 2-3 times daily, although more frequent dosing may be necessary.  

Vitamin D metabolites 
Active vitamin D (1,25-dihydroxyvitamin D) stimulates intestinal 

calcium transport and absorption and promotes bone remodeling through 
the RANKL signaling pathway (9). PTH regulates renal 1α-hydroxylation 
of 25-hydroxyvitamin D, and in its absence, supplemental active vitamin 
D metabolite therapy is also integral to the management of 
hypoparathyroid patients. Calcitriol (1,25-dihydroxyvitamin D3) is the 
active metabolite of vitamin D. It does not get further metabolized into 
more active forms.Peak serum concentrations of calcitriol are reached 
within 3 to 6 hours of administration and the serum calcium concentration 
is increased within 1-3 days. The elimination half-life is 5-8 hours in 
adults. The typical dose for calcitriol is 0.25 to 2 µg daily (10-13). When 
amounts greater than 0.75 µg are required, calcitriol is typically 
administered in divided doses. 

1α-hydroxyvitamin D (alphacalcidol) and dihydrotachysterol are 
vitamin D analogues in use for hypoparathyroidism outside the United 
States and are rapidly activated by the liver to 1,25-dihydroxyvitamin D3
and 25-hydroxydihydrotachysterol, respectively. The time to onset of 
action of alfacalcidol is similar to calcitriol at 1-3 days, with a longer 
offset of 5-7 days (10, 12, 14, 15). The time to onset of action of 
dihydrotachysterol is 4-7 days, with a time to offset of action of 7-21 days 
(16, 17).  
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The typical dose for alphacalcidol is 0.5-3.0 µg daily and for 
dihydrotachysterol 0.2-1.0 mg daily. Dihydrotachysterol has fallen out of 
favor due to the development of the more specific vitamin D analogues. 
While toxicity with calcitriol is easily managed due to the short half-life, 
severe hypercalcemia complicated by renal failure has been described 
with dihydrotachysterol therapy (17). 

Patients are also typically supplemented with parent vitamin D 
[vitamin D2 (ergocalciferol) or vitamin D3 (cholecalciferol)]. Vitamin D3
may be more potent than D2, although this has not been firmly established 
(18, 19). The half-life of the parent vitamin is 2 to 3 weeks, which can 
help provide smoother control given the short half-life of calcitriol. 
However, hypercalcemia is of particular concern in individuals treated 
with large doses of parent vitamin D, which can accumulate in toxic 
amounts in fat stores and result in prolonged hypercalcemia (20). In 
settings where calcitriol is not readily available and/or is too expensive, 
very high doses of parent vitamin D can be used with due regard to the 
cautionary note regarding vitamin D toxicity.   

Adjunctive treatments 
Adjunctive thiazide diuretic therapy is sometimes used to increase 

distal renal tubular calcium reabsorption, usually in conjunction with a 
low-salt diet to promote calcium retention. Effects on calcium excretion 
can be noted within 3 to 4 days of starting treatment (21, 22). The dose of 
either hydrochlorothiazide or chlorthalidone is 25 to 100 mg daily. Doses 
at the higher end of the range are usually necessary to significantly lower 
urinary calcium, but these higher doeses can be associated with 
hypokalemia and hyponatremia. Potassium supplementation or a 
potassium-sparing diuretic may be used in conjunction with 
hydrochlorothiazide to prevent hypokalemia (2). In special cases, 
phosphate binders or low-phosphate diets may be useful additions to 
therapy (1). Patients with activating calcium sensor receptor mutations 
may require substantial magnesium supplementation due to urinary 
magnesium losses (23).  

 145 

A small study in hypoparathyroid subjects demonstrated that 
magnesium supplementation does not alter plasma calcium concentrations 
in individuals with normal serum magnesium (24). 

Concerns with conventional therapy 
Serum calcium is not always maintained with conventional 

therapy. Moreover, there are concerns with prolonged use of calcium and 
active vitamin D in large doses, particularly with regard to hypercalciuria 
and nephrocalcinosis as well as ectopic soft tissue calcification (1). 
Moreover, conventional therapy with calcium and active vitamin D does 
not alleviate quality of life complaints (25-27) and does not reverse the 
abnormally low bone remodeling of the disease (28).
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Follow-up in chronic hypoparathyroidism 

Michael Mannstadt MD 
Massachusetts General Hospital, Endocrine Unit and Harvard 
University, Boston, MA, USA 

The treatment goals for patients with chronic hypoparathyroidism 
are to control their symptoms while simultaneously minimizing 
complications resulting from over-treatment [1]. Hypocalcemic 
symptoms to monitor include the more common paresthesias and tetany, 
but also rare symptoms which may not be readily recognized as 
hypocalcemic, such as stridor, bronchospasm, and symptoms of heart 
failure [2, 3].   

The generally accepted target serum calcium concentration for 
these patients is in the low-normal range, a state in which symptoms of 
hypocalcemia are generally rare. Higher serum levels of calcium, even 
within the normal range, are to be avoided, because they can increase the 
risk of complications. Patients with hypoparathyroidism are at risk of 
many complications, both from the disease itself as well from adverse 
effects of conventional treatment regimens with oral calcium and active 
vitamin D [4-6].  

There are no data from clinical trials available that would 
determine the optimal follow-up intervals or the optimal frequency of 
laboratory and imaging tests. As a result, there are currently no guidelines 
for the management of the disease available from professional societies, 
and the following is therefore mainly based on personal preference and 
experience. 

Biochemical parameters (serum calcium, albumin, magnesium, 
phosphate, creatinine) should be monitored every 3-6 months in a well-
controlled patient. 24-hour urinary calcium excretion should be measured 
at least once yearly to detect hypercalciuria. We typically check kidney 
ultrasound (or CT) when initiating treatment to establish a baseline [7].  
We then obtain a kidney ultrasound every 5 years or so to investigate 
whether nephrocalcinosis or kidney stones are developing.  
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Brain calcifications, especially basal ganglia calcifications (BCG), 
are a well-known complication of hypoparathyroidism [4, 8]. However, 
the clinical significance of BCG is unclear. We therefore do not perform 
head imaging routinely.  

Patients suffering from hypoparathyroidism are at risk for 
cataracts [9]. While the standard senile cataract is characterized by 
nuclear opacities, cataracts associated with hypoparathyroidism show 
predominantly cortical involvement. Annual slit-lamp and 
ophthalmoscopic examinations are recommended to monitor for the 
development of cataracts in all patients.   

Patients with hypoparathyroidism can have a wide variety of 
dental manifestations. Patients typically have abnormal bone 
microarchitecture, and bone mineral density as measured by dual-energy 
x-ray absorptiometry (DXA) is often increased. However, we do not 
modify the recommendations for general dental care solely because the 
patient has hypoparathyroidism. Neither do we change those guidelines 
for performing bone mineral density scans to screen for osteoporosis.   
 A key aspect of ongoing follow-up is engaging the patient as a 
partner in his or her medical care. Patients with hypoparathyroidism need 
to have a basic understanding of the underlying pathophysiology, the 
rationale for treatment, and signs and symptoms indicative of 
complications of the disorder. This is particularly important due to the 
fact that hypoparathyroidism is a rare disorder, and other medical 
providers seen by the patient may be less familiar with the potential 
manifestations of the disease. The patient who understands the 
importance of preventing kidney damage due to excessive urinary 
calcium excretion might be more accepting of the 24-hour urine 
collections, as well as other monitoring treatments that might otherwise 
be seen as an inconvenience. Ongoing care with a provider familiar with 
the treatment of this disorder is critical for meeting the complex needs of 
patients and to optimize their outcomes. 
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Management of Acute Hypocalcemia 

Mishaela R. Rubin 
Division of Endocrinology, Metabolic Bone Diseases Unit, Columbia 
University College of Physicians & Surgeons, New York, USA 

The acute care of the hypoparathyroid (HypoPT) patient with 
hypocalcemia can be a medical emergency. Hypocalcemia is defined as 
an ionized serum calcium (Ca2+) concentration that falls below the lower 
limit of the normal range. Approximately 50% of the total serum Ca2+ is 
in the ionized fraction, with the remainder being protein-bound 
(predominantly to albumin) or complexed to anions such as phosphate. 
Estimation of the corrected serum total Ca2+ can be obtained with the 
following formula: corrected serum total Ca2+ = measured total Ca2+ + 
[0.8 x (4.0-measured serum albumin)].  

The treatment of hypocalcemia varies with its severity. The 
severity of symptoms (parasthesias, carpopedal spasm, broncho- or 
laryngospasm, tetany, seizures or mental status changes) and signs 
(Chvostek’s or Trousseau’s signs, bradycardia, impaired cardiac 
contractility and prolongation of the QT interval) depends upon the 
absolute level of calcium, as well as the rate of decrease.  

Intravenous therapy should be used for HypoPT patients that are 
symptomatic, for those with a prolonged QT interval and for 
asymptomatic HypoPT patients with an acute decrease in serum corrected 
calcium to ≤ 7.5 mg/dl (1.9 mmol/L). Intravenous therapy is also 
appropriate for HypoPT patients who become unable to take or absorb 
oral supplements. In contrast, if the patient is minimally symptomatic 
despite low numbers, an oral regimen of calcium carbonate or calcium 
citrate with the active vitamin D metabolite calcitriol can be used.  
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When clinical circumstances dictate urgent treatment, intravenous 
Ca2+ salts are used. The goals of intravenous calcium therapy are to 
control symptoms, to restore the serum calcium level to the lower end of 
the normal range and to normalize the QTc interval.  Initially, intravenous 
calcium (1 to 2 g of calcium gluconate, equivalent to 90-180 mg 
elemental calcium, in 50 mL of 5% dextrose) can be infused over 10 to 20 
minutes. The calcium should not be given more rapidly because of the 
serious risk of cardiac dysfunction, including systolic arrest. This dose of 
calcium gluconate will raise the serum Ca2+ concentration for only 2 -3 
hours; as a result, it should be followed by a slow infusion of calcium in 
patients with persistent hypocalcemia.  

Ten percent calcium gluconate (90 mg of elemental calcium per 
10 mL) can be used to prepare the infusion solution. Calcium gluconate is 
usually preferred because it is less likely than calcium chloride to cause 
tissue necrosis if extravasated. An intravenous solution containing 1 
mg/mL of elemental calcium is prepared by adding 11 g of calcium 
gluconate (equivalent to 990 mg elemental calcium) to normal saline or 
5% dextrose water to provide a final volume of 1000 mL. The calcium 
should be diluted in dextrose and water or saline because concentrated 
calcium solutions are irritating to veins. Moreover, the intravenous 
solution should not contain bicarbonate or phosphate, which can form 
insoluble calcium salts. The solution is administered at an initial infusion 
rate of 50 mL/hr (equivalent to 50 mg/hour). The dose can be adjusted to 
maintain the corrected serum calcium concentration at the lower end of 
the normal range. A typical infusion rate is 0.5 to 1.5 mg/kg of elemental 
calcium per hour. Over 8 hours, this infusion protocol will raise the serum 
calcium levels by approximately 2 mg/dl. The electrocardiogram can be 
monitored, if it is warranted by the situation, such as in the setting of 
digoxin therapy.  

Active vitamin D metabolites can be additionally administered. 
Because PTH is required for the renal conversion of calcidiol (25-
hydroxyvitmain D) to the active metabolite calcitriol (1,25-
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dihydroxyvitamin D), calcitriol is the metabolite that is preferred for 
treatment of HypoPT patients. The initial dose of calcitriol is typically 
0.25 to 0.5 µg twice daily. Its rapid onset of action (hours) and biologic 
half-life of 4-6 hours make it a useful adjunct in the management of acute 
hypocalcemia.  

In HypoPT patients with hypomagnesemia, hypocalcemia is 
difficult to correct without first normalizing the serum magnesium 
concentration. If the serum magnesium concentration is low, 2 g (16mEq) 
of magnesium sulfate should be infused as a 10% solution over 10 to 20 
minutes, followed by 1 gram (8 mEq) in 100 mL of fluid per hour.  

The serum calcium level should be measured frequently in order 
to monitor therapy. The recurrence of symptoms caused by hypocalcemia 
may indicate the need to increase the infusion rate and should be 
correlated with a simultaneous serum calcium value to assess the progress 
of treatment. Intravenous calcium should be continued until the patient is 
receiving an effective regimen of oral calcium and vitamin D. Intravenous 
infusions are generally tapered slowly (over a period of 24 to 48 hours or 
longer) while oral therapy is adjusted. Oral calcium and parent vitamin D 
therapy, in addition to calcitriol, should be initiated as soon as is practical. 
Recombinant human PTH treatment is a recently FDA-approved 
treatment for chronic HypoPT. However, published data on its use to treat 
actue hypocalcemia in HypoPT patients are not available.   

In summary, because a normal level of ionized Ca2+ is critical for 
many vital cellular functions, acute hypocalcemia in HypoPT patients can 
be a life-threatening emergency. Urgent management should be guided by 
the level of serum calcium, and most importantly, by the nature and 
severity of the symptoms. With the administration of intravenous calcium 
therapy, serum calcium levels can be safely increased and patients 
typically experience immediate and substantial relief of symptoms. 
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Nutritional Aspects of Hypoparathyroidism 

René Rizzoli MD 
Division of Bone Diseases, Geneva University Hospitals and Faculty of 
Medicine, Geneva, Switzerland 

Introduction 
The regulation of calcium and phosphate homeostases is aimed at 
maintaining extracellular calcium and phosphate concentration and 
balance as constant as possible, to protect the organism against deficiency 
or overload of these ions (1). Extracellular calcium concentration has to be 
kept remarkably stable, because of the high sensitivity of a variety of cell 
systems or organs, including the central nervous system, muscle, and exo-
/endocrine glands, to small variations of extracellular calcium 
concentrations. Extracellular calcium is maintained within a narrow range 
by bidirectional calcium fluxes taking place at the level of the intestine, 
bone and kidney. By controlling the calcium output, mainly through the 
action of parathyroid hormone, the kidney plays a central role in the 
maintenance of calcium homeostasis (1). Unless bone resorption is totally 
blocked, or the renal tubule is unable to retain the filtered calcium, or in 
the presence of vitamin D deficiency, hypocalcemia does not occur 
usually under markedly reduced dietary calcium intakes, because of 
efficacious bone and kidney homeostatic reactions. In the absence of 
parathyroid hormone or in states of resistance to its action, extracellular 
calcium concentration is controlled by intestinal and bone fluxes. 
Role of Intestinal absorption 
Under normal conditions, intestinal absorption of calcium represents 
approximately 20-30 % of ingested calcium (2, 3). Net intestinal 
absorption of calcium depends on dietary intakes, on the capacity of the 
intestinal wall to transport calcium, on the bioavailability of calcium 
present in the intestinal lumen, and on the secretory flux. The latter could 
be increased in pathological conditions such as coeliac disease. Except in 
elderly with achlorhydria, in whom calcium carbonate absorption is 
impaired (4), the different forms of calcium including dairy products are 
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similarly absorbed (5). Dairy products represent an important dietary 
source of calcium because of their high calcium content and a high 
absorbability (6). They provide more calcium, protein, magnesium, 
potassium, zinc and phosphorus per calorie than any other usual food 
found in the adult diet (7). Furthermore, dairies are rich in aromatic amino 
acids, which stimulate the liver production of IGF-I (8). The latter 
increases renal calcitriol production, hence intestinal absorption of 
calcium. Taken during a meal, calcium is better absorbed and its 
absorption is less variable than without meal (9). Prebiotics such as 
galacto-oligosacharides are fermented by microflora in the large intestine, 
lowering pH and enhancing thereby calcium absorption (10). The 
intestinal calcium absorptive capacity is mainly controlled by calcitriol, 
which stimulates the transport through both genomic and non-genomic 
mechanisms (2). 
In the presence of hypocalcemia of unknown origin, magnesium 
deficiency should be suspected (11). Magnesium deficiency is associated 
with impaired secretion and action of PTH. Magnesium is present in all 
nutrients from cellular origin. Dietary sources of magnesium include 
almonds, soybean, seeds, wheat germ, wheat bran, millet, dark green 
vegetables, fruit, seafood. Recommended daily allowance is 420 and 320 
mg/day for men and women, respectively. Inadequate supplies are rare. 
But if magnesium losses from intestine or kidney are persisting, dietary 
supply may not be sufficient. Net intestinal absorption is proportional to 
the intakes, usually representing 35 to 40% of them. Phosphate and 
cellulose phosphate form complex with magnesium, impairing thereby its 
absorption. A low pH is important to displace magnesium bound to fibers 
and to make it available to absorptive processes. Prolonged nasogatric 
suction and chronic diarrheae, particularly during laxative abuse, are risk 
factors for magnesium depletion. Upper GI tact fluid contains 2 mmol/l of 
magnesium whereas diarrheal fluids magnesium concentration may be as 
high as 30 mmol/l. For rapid magnesium repletion, the oral route is not 
recommended since a limited amount of magnesium is tolerated, before 
diarreae occurrence because of the cathartic properties of magnesium.  
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Role of bone resorption 
About 1% of total bone calcium exchanges every month, through 
bidirectional fluxes, under the stimulation of parathyroid hormone and/or 
calcitriol. Calcemic effects of calcitriol are largely due to stimulated bone 
resorption (12). A large variety of substances either circulating or 
produced locally, or present in the bone matrix, are also capable of 
influencing these fluxes (1). The relative and quantitative contribution of 
calcium mobilisation from bone and of renal tubular reabsorption of 
calcium, to calcemia can be estimated in studying the model of 
thyroparathyroidectomized rats chronically infused with parathyroid 
hormone-related protein or PTH. In this model, the complete inhibition of 
bone resorption by a bisphosphonate is associated with an approximately 
30% decrease, but not a correction of plasma calcium, indicating the 
prevailing role of renal tubular reabsorption, which accounts for more 
than two thirds of the PTHrP-dependent calcemia level (1, 13). To 
increase bone calcium efflux, bone resorption has thus to be stimulated. 
This role is played by calcitriol A series of nutrients have been shown, 
however mostly in animal studies, to influence bone resorption, such as 
dried plum, blueberries, fish oil, zinc, grapes and the phyto-oestrogen 
genistein (14-19). All these nutrients are rather reducing bone turnover 
and cannot be considered as useful in increasing bone calcium efflux to 
contribute to the normalisation of calcemia in hypoparathyroidism. 
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Replacement Therapy of Hypoparathyroidism with PTH peptides 

John P. Bilezikian 
Department of Medicine, Division of Endocrinology, Metabolic Bone 
Diseases Unit - College of Physicians and Surgeons, Columbia 
University. New York, NY, USA 

Hypoparathyroidism has typically been managed over the years with 
calcium, vitamin D, and, at times, with thiazide diuretics. While the 
hypocalcemia of hypoparathyroidsm can be managed in this way, the 
amounts of calcium and vitamin D supplementation (both chole- or 
ergocalciferol and/or calcitriol) required to maintain normal calcium 
levels can be very high giving rise to concerns about long-term adverse 
effects such as ectopic soft tissue calcifications, hypercalciuria, and 
kidney stones. This topic is covered by Cusano elsewhere.  
Until recently, hypoparathyroidism was the last remaining classic 
endocrine deficiency disease for which the missing hormone was not an 
approved therapy. Over the past two decades, studies of teriparatide 
[rhPTH(1-34)] and the full length natural hormone, rhPTH(1-84) have 
ushered a new era in the management of this disease. In January, 2015, 
the FDA approved the use of rhPTH(1-84) for the management of 
hypoparathyroidism (1).
The early studies by Winer et al. with teriparatide, (r[PTH(1-34)] showed 
in a series of classic studies comparing varying dosing regimens of 
PTH(1-34) against standard calcium and calcitriol therapy that PTH(1-34) 
achieved superior results regarding maintenance of serum calcium 
without inducing further increases in urinary calcium excretion. These 
studies were conducted for as long as 3 years in children and in adults 
with hypoparathyroidism. In one of her early studies, she compared the 
effects of PTH(1-34) vs calcium and calcitriol for 2-10 weeks. The major 
difference in this study was a significantly reduced urinary calcium 
excretion with teriparatide administration (2). A longer study by the same 
group, for up to 28 weeks, showed that more frequent dosing with 
teriparatide had a more salutary effect, particularly later in the day (3-4). 

 165 

In a similar experimental design, the same results were observed in 
children with hypoparathyroidism (5). A longer 3-year study by Winer et 
al. showed that twice daily teriparatide was superior to calcium and active 
vitamin D in controlling urinary calcium excretion in adults (6). More 
recently, Winer has shown that a pump infusion system by which 
teriparatide is administered continuously has an added benefit over 
subcutaneous injection by substantially reducing urinary calcium 
excretion in adults and in children (7-8). 

The rationale for using rhPTH(1-84) for hypoparathyroidism is that, in 
contrast to PTH(1-34), it is the native hormone and, thus, would replace 
what is truly missing in this disease. Furthermore, the half-life of 
rhPTH(1-34) is short, on the order or 45 minutes (9), making multiple 
daily doses necessary. With a longer half-life, rhPTH(1-84) - Projects ref 
29,34-35- can be considered more realistically to be a once daily drug (9-
11). Initial studies by several groups did demonstrate this proof of 
concept by using either every other day or daily dosing, showing, in 
general, maintenance of the serum calcium while significantly reducing 
the need for oral calcium and vitamin D. (12-13). In studies with 
rhPTH(1-84) for up to 5 years, rhPTH(1-84) replacement therapy 
continued to demonstrate these advantages along with a reduction in 
urinary calcium excretion and an improvement in quality of life (14-15) 
The pivotal phase III trial of rhPTH(1-84) in hypoparathyroidism was 
reported by Mannstadt et al. (16). This multicenter, multinational, 
placebo-controlled, double blinded trial compared rhPTH(1-84) 
administered with a titration algorithm (50ug could be increased to 75ug 
or to 100ug). The trial’s triple primary end point was a) reduction of 
calcium supplementation by 50% or more; b) reduction of active vitamin 
D supplementation by 50% or more; 3) maintenance of a stable serum 
calcium levels within the normal range. The results of the study showed 
that 53% of study subjects receiving rhPTH(1-84) met the primary end 
point, while only 2% of study subjects receiving placebo did so (P 
<0.001).  
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The secondary endpoint, namely the proportion of subjects who were able 
to eliminate all active vitamin D while reducing the dose of oral calcium 
to no more than 500 mg per day was also highly significant in favor of the 
study subjects who received rhPTH(1-84): 43% vs 5% (P <0.001). In the 
majority of study subjects (52%), rhPTH(1-84) was titrated up to a dose 
of 100 ug/day.  
Adverse events were similar with the most common reports related to 
signs of hypocalcemia, namely, muscle spasms, paresthesias, headache 
and nausea.  
Two other studies with rhPTH(1-84) have been reported recently. 
RELAY is short, 8 week, double-blinded, multinational, randomized trial 
that tested whether doses as low as 25 ug per daily could be efficacious in 
hypoparathyroidism (17-18). Although some study subjects were able to 
meet the primary end point (oral calcium nor more than 500 mg/day and 
active vitamin D no more than 0.25 ug/day) most patients did not, 
confirming the results of the REPLACE trial that most patients require 
amount of rhPH(1-84) more than 50 ug/day.  
The other study of recent note is called RACE. This trial is a open-label, 
extension of the REPLACE and RELAY trials conducted in the United 
States only. (17-19). The initial results at 1 year provide confirmatory 
evidence of the primary end points of the REPLACE trial, carried out for 
1 year.  

Safety  
Similar to rhPTH(1-34) for osteoporosis, rhPTH(1-84) was approved by 
the FDA with a black box warning, due to the evidence that both PTH 
molecules cause osteosarcoma in rats (20-21). With extensive clinical 
human experience with PTH(1-34), since its approval 12.5 years ago, and 
with PTH(1-84) for a shorter period of time, no signals with either 
peptide molecule have emerged to suggest that human subjects treated 
with PTH(1-84) are at increased risk for the development of 
osteosarcoma. (22-23). Nevertheless, rhPTH(1-84) is available to patients 
with hypoparathyroidism only through a registry known as Risk 
Evaluation and Mitigation Strategies (REMS).  
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Hypercalcemia is another safety issue but this concern can be mitigated 
by careful patient monitoring and titration protocols for calcium, active 
vitamin D and rhPTH(1-84) (24).  

Summary 

rhPTH(1-84) represents a breakthrough in the management of 
hypoparathyroidism. It provides the natural hormone that these subjects 
are lacking and permits major reductions in the need for supplemental 
calcium and active vitamin D while maintaining normal calcium levels.  
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Brief History of the Hypoparathyroidism Association

James Sanders 
Hypoparathyroidism Association, Inc., Idaho Falls, ID, USA 

As a patient and father of five sons with the rare disease of 
Hypoparathyroidism, I felt often alone and ill- equipped to cope with the 
challenges the disease brought to our daily lives in Idaho Falls, Idaho. In 
1994, while participating in a clinical trial a study at the National 
Institutes of Health (NIH), I first met another patient, besides my 
children, with this disease. It was a very emotional meeting for both of us.  
Over the next few months the idea for an association dedicated to 
hypoparathyroidism patients was born. That year we published our first 
quarterly newsletter for both patients, family, and healthcare providers.  

In 1998, the Association incorporated as a nonprofit, with an all-volunteer 
board, and became a tax-exempt 501 (c) 3 organization. As we’ve grown, 
we have excitedly supported numerous other associations’ creations in 
other countries around the globe, most of which were formed by members 
of the Hypoparathyroidism Association. I am delighted to say, with our 
collective efforts, we have and will continue to make a difference in the 
lives of those touched by hypoparathyroidism.  
We no longer have to feel alone when dealing with hypoparathyroidism. 
Because of the HypoPARAthyroidism Association patients like me and 
my sons, as well as patients and caregivers from all over the world, now 
have better access to information and research, to skilled and 
knowledgeable doctors, and a robust, supportive, and understanding 
community. We discovered we could make a difference. 
Before the summer of 1994, there was no newsletter to help inform 
patients about the disorder, which has invaded their lives. There was no 
web site, which hypoparathyroidism patients could go to for up to date 
information on how to deal with the disorder. There were no associations 
anywhere patients, which could go to for help and information about 
hypoparathyroidism.  
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There were no Face Book Groups or other social media sites, which 
helped, connect hypoparathyroidism patients and caregivers with others 
who would understand. 
Patients throughout the world had to deal with the disorder largely on 
their own. Physicians treating patients with hypoparathyroidism were 
often in the dark about how they should properly manage the disorder in 
their patients because it was not well known or understood by those 
patients depended upon. 
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The Nordic hypoPARA Organisation 

H. Dahl-Hansen 
Nordic hypoPARA Organisation, Oslo, Norway 
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Italian Association for Patient With Hypoparathyroidism (A.P.P.I.)  

Laura Masi  
SOD Malattie del Metabolismo Minerale e Osseo, Centro Coordinatore 
Malattie Rare dello Scheletro della Regione Toscana, Commissione di 
Studio dell’International Osteoporosis Foundation, Florence, Italy 

Hypoparathyroidism is characterized by impaired mineral homoeostasis, 
including hypocalcaemia and hypophosphatemia. Treatment with oral 
calcium and active vitamin D does not provide adequate or consistent 
control of biochemical indices and can lead to serious long-term 
complications. This treatment may be difficult to manage, especially in 
the situations indicated as Refractory Hypoparathyroidism (1-4).  
People with rare diseases have multiple hardships, caused on one side by 
an objective difficulty to obtain a timely diagnosis and appropriate 
therapy, the other by the frequent difficulty in obtaining complete 
information about their rights. These circumstances contribute to 
exacerbate the sense of loneliness, already inherent in the "rarity" of the 
disease. In this scenario the associations play a fundamental role   
make up some deficiencies, including institutional, but especially in the 
"give voice" to the needs of patients and their families, not more 
"individual" but part of a whole. For these reasons has born the Italian 
Association for Patient With Hypoparathyroidism (A.P.P.I.). It is a non-
profit organization and is not involved in any political issue, religious and 
racial and intends to promote, in the light of the new guidelines, the 
research on the disease hypoparathyroidism, meetings, debates, 
conferences both cultural and recreational facilities on the theme of 
disease and its problems in general. Meetings, debates, and conferences 
will be organized by A.P.P.I. in order to make a greater sensibility to the 
problems related to the physical and psychological recovery of patients. 
In addition, A.P.P.I. will keep greater awareness to the problems related 
physical recovery and psychology of the sick and spread prevention and 
rehabilitation of the sick.  
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In 2008 (5) has been created the National Center for Rare Diseases 
(CNMR), that is part of the National Network for Rare Diseases 
conducting scientific research activities of both public health at national 
and international level. The interaction of A.P.P.I. with the competent 
authorities ad in particular with the National Center for Rare Diseases 
will be important in terms of public health for the recognition the rights of 
patients with hypoparathyroidism. The many associations of people with 
rare diseases are an important point of reference for CNMR comparison 
and exchange of experiences, play a decisive role for patients and their 
families. A.P.P.I. will take part of the association in contact with CNMR.  
Currently the management of patients with hypoparathyroidism is based 
on the experience and judgment of the clinician. As part of the Italian 
Society of Endocrinology (SIE) has been created a working group on rare 
diseases and a first classification of rare endocrinological diseases has 
been recently published (6). In this contest, a group of study on 
hypoparathyroidism has been built with the scope to evaluate the clinical 
and research in this important area of medicine. A.P.P.I. will collaborate 
with the working group to develop several initiatives and to facilitate the 
working group to develop studies in order to lie down the guideline for 
this population. 
A.P.P.I intend to collect clinical data, in compliance with the regulations 
regarding the treatment of sensitive data, help to analyze epidemiological 
and pharmaco-economic hypoparathyroidism in Italy. The proposal for 
the realization of an observational, prospective and multicenter study has 
been presented at the first roundtable of A.P.P.I. with the participation of 
the coordinators of several centers in Italy. Finally, a website has been 
created with the information regarding the disease and news on the 
therapy.  The possibility to write questions to the expert is also available. 
The birth of A.P.P.I. is a first step, but essential, because something 
finally starts to move and the sick of this disease are no longer alone. 
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