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OVERVIEW OF THE DISEASE

Hypoparathyroidism is an uncommon endocrine deficiency disease characterized by low

serum calcium levels, elevated serum phosphorus levels, and absent or inappropriately low

levels of parathyroid hormone (PTH) in the circulation.(1) Although much less common than

its counterpart, primary hyperparathyroidism (PHPT), a disease characterized by

overproduction of PTH,(1) hypoparathyroidism, like PHPT, also presents many therapeutic

challenges. Over the past 10 years, we have gained greater understanding about the disorder

with regard to epidemiology, genetics, skeletal disease, and therapies. A major therapeutic

challenge is consistently effective management of the hypocalcemia while avoiding

hypercalciuria and other complications. The challenges that patients with

hypoparathyroidism face is recorded regularly by the chronicles of the Hypoparathyroidism

Association.(2) Through its website, a newsletter, and an annual meeting, this group shares

common experiences and coping strategies for patients and their doctors. Excerpting some

of these experiences, patients repeatedly complain of fatigue, “brain fog,” tingling fingers

and feet, cramping in the hands (“the claw”) and feet (“perching”), numbness around the

mouth, twitching in the facial muscles, bone pain, general muscle cramps, chronic

headaches, insomnia, and the misery of having to carry around so much calcium (“It’s heavy

stuff!”). Besides these highly variable and subjective changes, many of which are

specifically associated with hypocalcemia, affected individuals frequently have increased

urinary calcium excretion, which can lead to nephrocalcinosis and kidney stones or even

chronic kidney disease. Hyperphosphatemia can be associated with deposition of calcium-

phosphate complexes in other soft tissues with further negative sequelae in target organs.

On the horizon is the possibility that PTH, the missing hormone, might be developed

successfully to treat this disease. In fact, hypoparathyroidism is the last classical endocrine

deficiency disease for which treatment with the missing hormone is not standard therapy.

The purpose of this article is to review, in a comprehensive manner, major aspects of the

disease. This review represents a summary of the First International Workshop on

Hypoparathyroidism, which was held in November 2009. This review focuses primarily

upon hypoparathyroidism in the adult, because the workshop did not focus upon

hypoparathyroidism in infancy or in childhood. Also, issues surrounding the diagnosis and

management of the condition in pregnancy and lactation are not addressed

CLINICAL PRESENTATION

Patients with hypoparathyroidism most often present with paresthesia, cramps, or tetany, but

the disorder may also manifest acutely with seizures, bronchospasm, laryngospasm, or

cardiac rhythm disturbances. In the postsurgical setting, the presentation can be acute with

tetany, cramping, tachycardia, and altered mental status dominating the picture. The disorder

occurs in both acquired and inherited forms.

CLASSIFICATION OF HYPOPARATHYROID DISORDERS

Classification of parathyroid disorders is helpful in diagnosis and management. The disease

may appear as an isolated disorder or in association with other organ defects. Usually the

disease is identifiable as hereditary. These inherited disorders of hypoparathyroidism are

often classifiable according to the defined genetic defects, including abnormalities of PTH

biosynthesis, PTH secretion, parathyroid gland development, or parathyroid tissue

destruction. Genetic defects may also be associated with complex syndromes involving

other organ defects. There are also rarely acquired reversible causes. Other classifications

relate to hypoparathyroidism associated with complex syndromes involving resistance to

PTH or other endocrine gland abnormalities (Table 1).
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Postsurgical Hypoparathyroidism

The most common acquired cause of hypoparathyroidism in adults is postsurgical

hypoparathyroidism.(3) Surgery on the thyroid or parathyroid glands or adjacent neck

structures or neck dissection surgery for malignancy may lead to acute or chronic

hypoparathyroidism. Postsurgical hypoparathyroidism is usually due to inadvertent or

unavoidable removal of or damage to the parathyroid glands and/or their blood supply.

While transient hypoparathyroidism after neck surgery is relatively common, often called

“stunning” of the glands, chronic partial hypoparathyroidism is less common, and chronic

complete hypoparathyroidism relatively rare. The diagnosis of chronic hypoparathyroidism

requires that features of hypoparathyroidism persist for at least 6 months after surgery. Most

patients with postsurgical hypoparathyroidism recover parathyroid gland function within

several weeks to months after surgery and, thus, do not develop permanent disease. Some

patients with chronic hypoparathyroidism have a period of being relatively asymptomatic,

and their biochemical abnormalities are found in a routine checkup or during the routine

investigation of related but nonspecific symptoms (eg, fatigue, muscle aching). The

development of postsurgical hypoparathyroidism, years after neck surgery, suggests that

age-related compromise of the remaining parathyroid tissue eventually leads to gland

hypofunction. The mechanism of this time-related process is not clear but eventual

deficiency of the parathyroid blood supply is an attractive possibility.

The rates of postsurgical hypoparathyroidism vary across centers and with different

procedures and surgical expertise. Surgical centers with experienced endocrine surgeons and

a high case volume report rates of post-thyroid surgical permanent hypoparathyroidism of

0.9-1.6%.(4-6) Earlier reports had suggested that after thyroid surgery, permanent

hypoparathyroidism can occur with a frequency as high as 6.6%.(7) These studies emphasize

the importance of expertise and experience.

Transient hypoparathyroidism after thyroid surgery occurs with much higher frequency,

ranging from 6.9% to 46%.(8-10) Parathyroid dysfunction after surgical manipulation of neck

structures commonly occurs several days to weeks and even years after the procedure.

Postoperative hypoparathyroidism is more likely to occur in patients who have undergone

more than one neck operation and/or if extensive thyroid resection is required. Surgery for

substernal goiter, head or neck malignancies involving the anterior neck structures, or

Graves disease have all been shown to increase the risk of postoperative

hypoparathyroidism.

Asari et al prospectively analyzed 170 patients undergoing total thyroidectomy for a variety

of diagnoses.(11) Postoperative hypoparathyroidism was defined as a documented

postsurgical serum calcium level of <1.9 mmol/L (<7.6 mg/dL), with or without symptoms,

or postoperative serum calcium level of 1.0-2.1 mmol/L (4.0-8.4 mg/dL) with

neuromuscular symptoms, 2 days after surgery. The study showed that a PTH level of ≤15

pg/mL, or postoperative serum calcium level of ≤1.9 mmol/L (≤7.6 mg/dL), on

postoperative day 2, increased the risk of postoperative hypoparathyroidism. Richards et al

compared the risk of postoperative hypoparathyroidism before and after the introduction of

intraoperative PTH monitoring and showed that the risk of postoperative

hypoparathyroidism is markedly reduced when intraoperative PTH monitoring is used.(12)

There is not at present an accepted classification of hypoparathyroidism that arises without

prior neck surgery. The older terminology referred to all nonsurgical hypoparathyroidism as

“idiopathic.” When a specific cause is identified, such as an autoimmune or genetic etiology,

that etiology replaces the term “idiopathic”. However, idiopathic hypoparathyroidism is

used when the underlying cause is not known or has not been investigated.
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Autoimmune Hypoparathyroidism

After postsurgical hypoparathyroidism, autoimmune hypoparathyroidism is the next most

common form of hypoparathyroidism in adults. Autoimmune hypoparathyroidism may be

isolated or part of an autoimmune polyglandular syndrome (APS).(13) Blizzard et al first

reported anti-parathyroid gland antibodies in 38% of 75 patients with idiopathic

hypoparathyroidism, 26% of 92 patients with idiopathic Addison disease, 12% of 49 patients

with Hashimoto thyroiditis, and 6% of 245 normal controls (14). These antibodies appeared

to be specific for parathyroid tissue, because they were blocked by pre-absorption with

parathyroid tissue extract but not with other tissue extracts. However, subsequent studies

showed that some anti-parathyroid antibodies reacted with mitochondrial or endomysial

antigens. Li et al reported that sera from 5 of 25 patients (25%) with autoimmune

hypoparathyroidism, idiopathic hypoparathyroidism, or APS type 1 (APS-1) had

immunoreactivity with the extracellular calcium-sensing receptor (CaSR).(15) Patients with

autoimmune hypoparathyroidism for less than 5 years were more likely to have anti-CaSR

antibodies. No anti-CaSR antibodies were seen in 22 controls or 50 patients with

autoimmune disorders without hypoparathyroidism. Other studies subsequently showed

varying rates of anti-CaSR antibody positivity, likely because of differences in technique. It

is not yet clear whether the anti-CaSR antibodies play a causal role in the disease or serve as

markers of tissue injury.(16)

Kifor et al reported two patients with activating anti-CaSR antibodies with direct functional

actions on CaSR.(17) One patient had transient spontaneous mild hypoparathyroidism and

Addison disease, and the other had severe hypoparathyroidism and Graves disease requiring

thyroidectomy. Both patients had anti-CaSR antibodies detected by multiple techniques, that

stimulated CaSR-transfected HEK293 (human embryonic kidney cell line 293) cells and

inhibited PTH release by dispersed parathyroid adenoma cells. This study suggested that

hypoparathyroidism resulted from a functional effect of the antibodies on the CaSR, and not

irreversible parathyroid gland damage.

GENETIC DEFECTS

Hypocalcemia is observed in a variety of genetic disorders, including forms of

hypoparathyroidism and pseudohypoparathyroidism (PHP). Hypoparathyroidism can be

caused by mutations in one of several genes and may occur as an isolated disorder or

associated with developmental defects. The two best-studied forms of PHP, PHP-Ia and

PHP-Ib, are caused by mutations within or upstream of the GNAS locus on chromosome

20q13.3 that encodes the stimulatory G protein (Gsα) and several splice variants thereof.

The various forms of hypoparathyroidism and PHP all share some common features, namely

hypocalcemia and hyperphosphatemia, which are caused by low circulating levels of PTH or

insensitivity to its action in the proximal renal tubules, respectively. In both disorders, serum

1,25(OH)2D is usually low, contributing to impaired intestinal calcium absorption.

Fractional excretion of calcium is increased in hypoparathyroidism, but because of

hypocalcemia, the filtered load of calcium and the 24-hour urinary calcium excretion may be

reduced or inappropriately normal. In PHP, urinary excretion of calcium is lower than in

hypoparathyroidism because renal resistance to hormone action is restricted to the proximal

tubule; the elevated PTH is active in the distal renal tubules, where it promotes calcium

reabsorption. Bone alkaline phosphatase activity is normal and bone resorption is

diminished in hypoparathyroidism, while patients affected by PHP often have increased

bone turnover and thus increased alkaline phosphate activity. In hypoparathyroidism and

PHP, nephrogenous cyclic adenosine monophosphate (cAMP) excretion is low and renal

tubular reabsorption of phosphate is high. However, while patients with hypoparathyroidism

show a vigorous increase in urinary cAMP excretion when given PTH parenterally
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(Ellsworth-Howard test), patients with PHP show a blunted or absent response to exogenous

PTH, which is consistent with resistance to PTH in the proximal tubule.

Hypoparathyroidism can be associated with a variety of syndromes or complex disorders

that may be familial or due to a de novo mutation.(18-22) The genetic bases for some of these

forms of hypoparathyroidism have been shown to be the disruption of one or more of the

steps involved in the development of the parathyroid glands or in the production or secretion

of PTH. These genetic studies have shed light on the pathogenesis of the hypoparathyroid

disorders, leading to a classification based on whether they arise either from an abnormality

in PTH synthesis or secretion or from insensitivity to PTH in the proximal renal tubules

observed in PHP. These studies have made it possible to recognize previously unknown

mechanisms regulating parathyroid gland development, PTH secretion, and PTH-mediated

actions in target tissues (Table 1).

Isolated Hypoparathyroidism

Hypoparathyroidism can occur as a solitary endocrinopathy, referred to as isolated

hypoparathyroidism. In most patients, no clear genetic basis is known. Familial occurrences

of isolated hypoparathyroidism with autosomal dominant, autosomal recessive, or X-linked

recessive modes of inheritance have been established. Autosomal forms of

hypoparathyroidism are caused by mutations in the genes encoding PTH, GCMB ([glial

cells missing homologue B] discussed below), or the CaSR,(18-22) but for most idiopathic

cases of hypoparathyroidism, the genetic defect remains unknown (Table 1).

Other less common acquired causes of hypoparathyroidism include excessive accumulation

of iron in the parathyroid glands due to thalassemia or hemochromatosis.(23) Excessive

accumulation of copper in Wilson disease is estimated to have a prevalence of 1:50,000 to

1:100,000.(24) Acquired hypoparathyroidism has been reported to occur very rarely after

iodine-131 therapy or metastatic infiltration of the parathyroid glands.(25)

Reversible hypoparathyroidism can occur with magnesium deficiency(26) due to

malabsorption syndromes, alcoholism, and other states of poor nutrition. Proton pump

inhibitor therapy can be associated with hypocalcemia in hypoparathyroidism(26a).

Magnesium excess due to tocolytic therapy for preterm labor(27) may cause

hypoparathyroidism because of magnesium-associated inhibition of PTH secretion. In the

special situation of maternal hypercalcemia in pregnancy (i.e., primary

hyperparathyroidism), the newborn can be hypocalcemic, and although usually a transient

problem, prolonged suppression has occurred.

PTH Gene—The very rare cases of hypoparathyroidism caused by PTH gene mutations

that lead to altered processing of the pre-pro-PTH molecule and/or to mRNA translation can

follow either autosomal recessive or dominant inheritance.(28,29) Homozygous mutations in

the pre-pro-PTH gene cause very low or undetectable levels of PTH leading to symptomatic

hypocalcemia and hyperphosphatemia. DNA sequence analysis of the PTH gene from

patients with autosomal dominant isolated hypoparathyroidism has revealed a single base

substitution (thymine/cytosine) in codon 18 of exon 2, and the resulting mutant PTH

molecule has a dominant negative effect that leads to no or very inefficient translocation of

the nascent wild-type and mutant PTH molecule across the endoplasmic reticulum and to

apoptosis.(30,31)

GCMB Gene—The human homologue of the Drosophila gene gcm (glial cells missing)

and of the mouse gcm2 gene, is named GCMB in humans and is expressed almost

exclusively in the parathyroid glands, suggesting an important role in parathyroid gland

development.(32) Mice homozygous for deletion of gcm2 lack parathyroid glands and
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develop hypocalcemia and hyperphosphatemia.(32) Hypocalcemia in these animals can be

corrected by PTH infusion, indicating that gcm2 does not affect the response to PTH. These

observations prompted investigations regarding the potential role of the GCMB gene in the

pathogenesis of congenital hypoparathyroidism. Ding et al identified a homozygous

intragenic deletion of exon 5 in the GCMB gene in a family affected by severe

hypocalcemia at an early age with no measurable circulating PTH.(33) Other cases of

autosomal recessive isolated hypoparathyroidism were subsequently shown to be caused by

homozygous point mutations.(34-36)

More recently, Mannstadt et al described two families in which hypocalcemia and low

circulating levels of PTH were inherited as an autosomal dominant trait. In one family, the

index case was discovered to have hypocalcemia as part of a routine checkup during

pregnancy, but the woman did recall having had symptoms suggestive of mild hypocalcemia

for several years.(37) The second kindred encompassed 10 affected family members in 4

generations. In both families, affected members carried a heterozygote, single base-pair

deletion within the C-terminal portion of GCMB gene that resulted in a shift in the open

reading frame, thus extending the encoded protein; the mutant GCMB molecules revealed a

dominant negative effect when tested in vitro. However, most patients with isolated

hypoparathyroidism do not appear to have GCMB mutations or mutations in the other genes

known to cause hypoparathyroidism,(38) making it likely that additional genetic mutations

that can cause isolated hypoparathyroidism will be identified.

CaSR Gene—The CaSR gene encoding the CaSR protein was another candidate gene

whose sequence was examined in the search for the genetic bases of congenital

hypoparathyroidism. Indeed, CaSR mutations that result in a gain of function lead to

hypocalcemia with hypercalciuria, with the majority of activating CaSR mutations (more

than 40 described) located within the extracellular domain of this G-protein coupled

receptor.(39) In a survey carried out by Pidasheva et al, activating CaSR gene mutations were

proposed as the most frequent cause of congenital hypoparathyroidism.(40) It is now

recognized that certain patients with activating mutations of the CaSR gene can present with

the phenotype of Bartter’s syndrome (classified as subtype 5), including wasting of calcium,

magnesium, sodium, and chloride in the urine.(41)

Activating CaSR mutations cause a left-shifted set point for PTH secretion, defined as the

extracellular calcium level required for half-maximal suppression of secretion, causing

inappropriately normal or low PTH levels even at low serum calcium levels.

Hypoparathyroidism due to activating CaSR mutations follows an autosomal dominant

mode of inheritance with high penetrance. Consequently, about half of first-degree relatives

present with mild hypocalcemia and inappropriately low PTH levels. Affected individuals

generally exhibit normal PTH serum concentrations, and treatment with active vitamin D

metabolites often results in marked hypercalciuria and nephrocalcinosis, potentially leading

to impaired renal function. Treatment of patients with autosomal dominant

hypoparathyroidism due to CaSR mutations should be performed with great care to increase

the serum calcium level only into the low normal range to avoid episodes of severe

hypercalciuria. Treatment with injections of synthetic PTH(1-34) has shown efficacy,

especially if the peptide is given 2 or 3 times daily.(42)

X-linked Hypoparathyroidism—X-linked recessive hypoparathyroidism was originally

reported in two multigenerational kindreds from Missouri, US,(43) who were later shown to

be related.(44) In this disorder, only males are affected, with infantile onset of epilepsy and

hypocalcemia; the responsible gene was localized to chromosome Xq26-27.(45) The

insertion of genetic material from chromosomes 2p25.3 into the Xq27.1 region is thought to
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cause a position effect on possible regulatory elements controlling SOX3 gene transcription,

thus impairing parathyroid gland development.(46)

Unknown—Clearly, more genes will be discovered in the characterization of the genetic

bases of isolated hypoparathyroidism, as discussed in the analysis of large case series.(47)

Hypoparathyroidism With Additional Features

Polyglandular Autoimmune Hypoparathyroidism—Hypoparathyroidism is a

prominent component of APS1, also known as autoimmune polyendocrinopathy-

candidiasis-ectodermal dystrophy (APECED).(48) Polyglandular autoimmune syndrome type

1is also abbreviated as PGA1 and PAS1. The syndrome consists of hypoparathyroidism,

Addison disease, candidiasis, and at least two of the following: insulin-dependent diabetes,

primary hypogonadism, autoimmune thyroid disease, pernicious anemia, chronic active

hepatitis, steatorrhea, alopecia, and vitiligo. More than 80% of APS1 patients exhibit

hypoparathyroidism, which may be their sole endocrinopathy. Presentation in childhood and

adolescence is typical, but patients with only one disease manifestation should be followed

long-term for the appearance of other components of the syndrome. The incidence

worldwide is 1 per million, but it is enriched in 3 genetically isolated populations: Finns

(incidence 1:25,000), Sardinians (incidence 1:14,500), and Iranian Jews (incidence

1:9000).(49)

The syndrome is predominantly inherited as an autosomal recessive trait, although

occasional cases with autosomal dominant pattern of inheritance have been reported. APS1

is caused by a mutation in an autoimmune regulator (AIRE) gene, a zinc-finger transcription

factor present in thymus and lymph nodes and critical for mediating central tolerance by the

thymus.(50,51) APS1, in contrast to other immune diseases, is monogenic and not associated

with the major histocompatibility complex. To date, more than 58 APS1-causing mutations

have been identified in the AIRE gene; in 9% of the affected patients, a mutation was

identified on only one allele. There does not appear to be a genotype/phenotype

correlation.(51)

NACHT leucine-rich-repeat protein 5 (NALP5), an intracellular signalling molecule

strongly expressed in the parathyroid, may be a parathyroid-specific autoantigen present in

APS1 patients with hypoparathyroidism. Antibodies to NALP5 are absent in patients who do

not present with this disorder.(52) Interestingly, the extracellular domain of the CaSR has

also been identified as an autoantigen in patients with autoimmune hypoparathyroidism.

Activating antibodies to this portion of the receptor have been reported in both APS1 and in

acquired hypoparathyroidism.(53-55) An important implication of these results is that,

although the majority of APS1 patients do not have CaSR antibodies, there may be a small

minority of patients in whom the hypoparathyroid state is the result of functional

suppression of the parathyroid glands rather than their irreversible destruction.(56)

As B cells are required for AIRE-deficient mice to develop multiorgan inflammation,

rituximab, a monoclonal antibody directed against B cells, was administered to these

animals, with remission of the autoimmune disease.(57) This offers hope of applying this

pharmacologic approach to human patients with APS1.

DiGeorge Syndrome—DiGeorge syndrome affects 1 in 4000-5000 live births.(58) The

complete phenotype of DiGeorge syndrome includes usually asymptomatic hypocalcemia

due to hypoparathyroidism (60% of cases), thymic aplasia or hypoplasia with

immunodeficiency, congenital heart defects, cleft palate, dysmorphic facies, and renal

abnormalities with impaired kidney function. The heterogeneity of defects observed in

DiGeorge syndrome suggests a defect early during embryologic development. The
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syndrome most commonly arises from de novo mutations, but autosomal dominant

inheritance has been reported. Molecular studies have shown that most cases (70-80%) of

DiGeorge syndrome carry a hemizygous microdeletion within the 22q11.21-q11.23

chromosomal region.(58) Within this region, only the TBX1 gene has been shown to carry

inactivating point mutations in some DiGeorge patients. This gene encodes a T-box

transcription factor that is widely expressed in those embryonal tissues that give rise to

many of the organs that can be clinically affected in this syndrome. Findings similar to or

indistinguishable from those present in DiGeorge syndrome were reported in some patients

with deletions of 10p13, 17p13, and 18q21.

In addition to the deletions leading to the complete DiGeorge syndrome, deletions within

22q11 can cause the conotruncal anomaly facies and velocardiofacial syndromes. In the

latter condition, hypocalcemia has been found in up to 20% of cases. Because of the

phenotypic variability of the different syndromes, these conditions are all included under the

acronym CATCH-22, for complex of abnormal facies, thymic hypoplasia, cleft palate, and

hypocalcemia with deletion of chromosome 22q11.

Hypoparathyroidism-Retardation-Dysmorphism Syndrome—

Hypoparathyroidism-retardation-dysmorphism (HRD) syndrome is a rare form of autosomal

recessive hypoparathyroidism encompassing two syndromes, the Sanjad-Sakati and the

Kenny-Caffey syndromes.(59,60) Sanjad-Sakati syndrome is associated with parathyroid

dysgenesis, short stature, mental retardation, microphthalmia, microcephaly, small hands

and feet, and abnormal teeth. This disorder is seen almost exclusively in individuals of Arab

descent. Kenny-Caffey syndrome is characterized by hypoparathyroidism, dwarfism,

medullary stenosis of the long bones, and eye abnormalities. Both disorders are due to

mutations in the TBCE gene on chromosome 1q42-43 that encodes a protein required for

microtubule assembly in affected tissues, although a second gene locus for a closely related

variant of the syndromes seems likely.

Hypoparathyroidism-Deafness-Renal Dysplasia Syndrome—Another syndrome

that has been elucidated by molecular methods and clinical phenotyping is HDR syndrome,

which is characterized by hypoparathyroidism, deafness, and renal dysplasia. It was first

reported as an autosomal dominant syndrome in one family in 1992.(61) Usually patients had

asymptomatic hypocalcemia with undetectable or inappropriately normal serum

concentrations of PTH and normal response to PTH. After obtaining linkage to the

chromosomal region 10p14-10pter, deletion mapping defined mutations or deletions in

GATA3 that resulted in haploinsufficiency of the transcription factor GATA3, a protein that

is critical for normal parathyroid, kidney, and otic vesicle development.(62)

Mitochondrial Disorders Associated With Hypoparathyroidism

Hypoparathyroidism has been described in 3 disorders characterized by mitochondrial

dysfunction: the Kearns-Sayre syndrome; the mitochondrial encephalopathy, lactic acidosis,

and stroke-like episodes (MELAS) syndrome, and the mitochondrial trifunctional protein

deficiency syndrome. Point mutations, deletions, rearrangements, and duplications of

mitochondrial DNA maternally inherited have been described in these disorders.(63) The role

of these mitochondrial DNA defects in the etiology of hypoparathyroidism remains to be

further elucidated.

Defective PTH Action

Pseudohypoparathyroidism—Several clinical disorders characterized by end-organ

resistance to PTH have been described that are collectively referred to as PHP, ie,

hypocalcemia and hyperphosphatemia, in the presence of high plasma PTH level indicative
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of resistance in target tissues (chronic renal failure and magnesium deficiency or vitamin D

deficiency states need to be excluded).(19) Consistent with PTH resistance, rather than

deficiency, infusion of biologically active PTH fails to increase urinary cAMP and

phosphate excretion(64-66) (Table 1). The blunted response to PTH in subjects with PHP type

I is caused by maternally inherited, heterozygous GNAS mutations that lead to Gsα
deficiency in the proximal renal tubules (and a few other cells or tissues). Thus, this is a

deficiency of the most prominent signalling protein that couples the PTH/PTH-related

protein (PTHrP) receptor (and other G protein-coupled receptors, such as the thyroid-

stimulating hormone receptor and the growth hormone-releasing hormone [GHRH]

receptor) to the adenylate cyclase enzyme.

1. Pseudohypoparathyroidism Type Ia: Patients show about a 50% reduction in Gsα
activity, which is caused by maternally inherited, heterozygous GNAS mutations. The

nucleotide changes lead to inactivation of the Gsα protein due to a shift in the open reading

frame with a premature termination codon, to missense mutations, to abnormal splicing, or

to large interstitial deletions/inversions that completely or partially eliminate Gsα
expression. Because Gsα is derived in the proximal renal tubules only from the maternal

allele (the paternal copy is imprinted and, therefore, silenced), these maternal GNAS

mutations are expected to lead to a complete or nearly complete lack of this signalling

protein in the proximal, but not the distal, renal tubules. In addition to the laboratory

findings, patients affected by PHP-Ia can present with clinical features that are referred to as

Albright hereditary osteodystrophy (round face, mental retardation, frontal bossing, short

stature, obesity, brachydactyly, and/or ectopic ossification), presumably related to the

deficiency of Gsα alleles in the relevant tissues during development. Hypothyroidism

develops in the majority of patients because of resistance to thyrotropin; less frequently,

hypogonadism, which occurs as a result of gonadotropin resistance; and frequently, GHRH

resistance, explaining the short stature and thus the favorable response to recombinant

human growth hormone.(67)

Subjects with paternally inherited GNAS mutations have some phenotypic features of

Albright osteodystrophy but do not display hormonal resistance because the genetic

imprinting (of the paternal allele) leaves the normal allele expressed. This condition is

termed pseudo-PHP. It is not unusual to find extended families in which some members

have pseudo-PHP (paternally inherited GNAS mutations), while others present with PHP-Ia

(maternally inherited GNAS mutations). Because of this distinct mode of inheritance, both

disorders never occur in the same sibship.

2. Pseudohypoparathyroidism Type Ib: Similar to individuals affected by PHP-Ia,

individuals with PHP-Ib develop Gsα deficiency in the proximal renal tubules. For the

autosomal dominant form of PHP-Ib, this deficiency is caused by maternally inherited

microdeletions within or upstream of the GNAS locus that are associated with loss of one or

several of the 4 maternal methylation imprints within GNAS. With the exception of a few

cases with paternal uniparental isodisomy, most sporadic cases of PHP-1b, which also

present with abnormal GNAS methylation and associated PTH resistance, have not been

defined thus far at the molecular level. Of note, recent studies have shown that these

sporadic cases of PHP-Ib can present with some of the clinical features of Albright

osteodystrophy, including brachydactyly.(68) Typically, though, they do not present with the

skeletal abnormalities characteristic of PHP-Ia.

3. Pseudohypoparathyroidism Type Ic: Pseudohypoparathyroidism type Ic (PHP-Ic) is a

variant of PHP-Ia that follows the same mode of inheritance as the latter disorder, and

affected individuals exhibit the same features of Albright osteodystrophy, in addition to

resistance toward multiple hormones. However, because of the assay that is usually used to
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document Gsα deficiency, patients affected by PHP-Ic show no demonstrable defect in Gsα
activity; the GNAS gene mutations leading to PHP-Ic usually reside in the last exon

encoding Gsα.

4. Pseudohypoparathyroidism Type II: In subjects affected by pseudohypoparathyroidism

type II (PHP-II), PTH resistance is characterized by a reduced phosphaturic response to

administration of PTH, despite a normal increase in urinary cAMP excretion. This variant

lacks a clear genetic or familial basis, and the possibility that it could be an acquired defect

has been proposed. Indeed, a similar clinical and biochemical picture occurs in patients with

severe deficiency of vitamin D that always needs to be excluded in PHP-II patients.

However, it remains uncertain that the increase in PTH secretion associated with vitamin D

deficiency leads to PTH-resistant hyperphosphatemia.

Blomstrand Lethal Chondrodysplasia—Blomstrand chondrodysplasia is a lethal,

autosomal recessive disorder characterized by abnormal endochondral bone formation with

prematurely occurring mineralization of the cartilaginous bone templates. This disorder is

caused by homozygous or compound heterozygous mutations in the PTH/PTHrP receptor

that impair its function.(69-71) Secondary hyperplasia of the parathyroid glands occurs as a

result of presumed hypocalcemia.

DIFFERENTIAL DIAGNOSIS OF HYPOPARATHYROIDISM

The hypocalcemic patient may harbor one of a number of disorders. The different forms of

hypoparathyroidism are the subject of this article but it is important to consider other

etiologies that can also present with hypocalcemia. The major general distinction to be made

is whether the hypocalcemia is associated with an absent or inappropriately low serum

parathyroid hormone concentration (hypoparathyroidism) or whether the hypocalcemia is

associated with an appropriate compensatory increase in parathyroid hormone. Figure 1

presents a practical schema whereby one can distinguish between these possibilities.

Hypocalcemia along with a frankly low or inappropriately low-normal intact PTH level is

the initial biochemical profile that leads the clinician to suspect hypoparathyroidism. Once

suspected, it is important to confirm the presence of a low ionized calcium level and a

normal serum level of magnesium. Hypomagnesemia can lower the PTH and total or ionized

calcium levels and must be ruled out, because the etiologies and treatments are quite

different for the two disorders. Although PHP also presents with hypocalcemia and

hyperphosphatemia, like true hypoparathyroidism, the intact PTH levels are always elevated

and sometimes dramatically so—confirming that the parathyroid glands are functional and

appropriately responding to the hypocalcemia. The phenotypical features of PHP-1a, which

include Albright hereditary osteodystrophy, would be a strong signal that PTH resistance

and not hypoparathyroidism is present.

Because the most common etiology of hypoparathyroidism is inadvertent removal of or

damage to the parathyroid glands during thyroid or parathyroid surgery, ascertaining any

relevant surgical history is the critical first step in determining the etiology for the disorder.

If there has been no prior surgery or external beam radiation or iodine-131 treatment (as

much less common etiologies for gland destruction), one must consider other causes for low

intact PTH levels. Autosomal dominant hypocalcemia due to mutations in the CaSR gene

that cause constitutive activity is one of the first considerations as it may be one of the most

common nonsurgical causes of hypoparathyroidism. These individuals manifest biochemical

profiles similar to patients with idiopathic or postsurgical hypoparathyroidism. Their

hypocalcemia is often milder and, in adults, rarely symptomatic. Biochemically, they tend to

have hypercalciuria, and it has been shown that their levels of urinary calcium are higher
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than those of patients with hypoparathyroidism or other etiologies with comparable degrees

of hypocalcemia, because of the constitutive activity of the CaSRs in the kidney. However,

urinary calcium excretion may be difficult to use as a discriminating feature between the two

disorders, especially if the patient is taking large amounts of calcium supplements and

calcitriol at the time of evaluation. Family screening is helpful, because this condition

follows an autosomal dominant pattern of inheritance and is highly penetrant. Mild

hypocalcemia with inappropriately low normal or frankly low PTH levels may be evident in

approximately half of first-degree relatives. However, there can be wide variability in the

biochemical phenotype within a family. A definitive diagnosis can be made by sequencing

the proband’s CaSR gene along with that of an unaffected family member(s). Numerous

point mutations have been reported that render the CaSR hyperactive in the presence of low

or low normal extracellular calcium concentrations. Definitive diagnosis can be difficult,

however, if one encounters a new mutation (one that has not been previously reported or

studied in vitro) in the case in question. The absence of the mutation in the unaffected family

member would be reassuring that the mutation tracks with the disease, but further

consultation should be sought with a genetics specialist and possibly research laboratories

involved in the study of CaSR biology to determine the function of the new mutation in

vitro. There are many presumably benign polymorphisms in the CaSR gene that have been

encountered and others that may turn up in the course of sequencing the CaSR in patients.

This must be borne in mind when interpreting results in a patient with hypocalcemia.

The next most likely etiology is autoimmune destruction of the parathyroid glands. This can

occur sporadically as an isolated condition or as part of APS-1. The skin can also be

involved with vitiligo and, more seriously, mucocutaneous candidiasis. The latter often

(although not invariably) presents in childhood, as frequently as adrenal insufficiency and

hypoparathyroidism. Securing a complete family history is essential in the next steps of

differential diagnosis. APS-1 due to AIRE gene mutations is usually autosomal recessive, so

the parental generation is generally skipped.(13,72,73) If hypoparathyroidism occurs in

isolation without other autoimmune phenomena, the clinician must consider other autosomal

dominant or recessive or even an X-linked recessive form of hypoparathyroidism.(7) These

are exceedingly rare entities. Mutations in transcription factors that play a role in

parathyroid gland development or in the pre-pro-PTH gene itself must be considered. The

pattern of inheritance does not always determine the disorder because hypoparathyroidism

due to AIRE mutations and GCMB mutations can rarely be autosomal dominant in their

pattern of inheritance. GATA3 mutations usually produce a phenotype that follows an

autosomal dominant pattern or presentation. Renal anomalies and hearing loss often

accompany the hypoparathyroidism in patients with GATA3 mutations, so they should be

looked for clinically.

In patients who present with hypoparathyroidism and multiple anomalies beyond the

parathyroid gland, the following conditions should be considered: (1) DiGeorge

syndrome(74,75); (2) mitochondrial gene mutations(76,77); and (3) HRD syndrome.(78)

DiGeorge syndrome may present with cardiac, palatal, ocular, pharyngeal, immunologic,

and cognitive defects due to developmental abnormalities in multiple tissues. Mitochondrial

gene mutations may be associated not only with hypoparathyroidism but also diabetes,

cardiomyopathy, ophthalmoplegia, and other complications.(76,77) HRD syndrome is also

exceedingly rare. A careful clinical assessment of the patient, screening of the family, and

judicious use of laboratory and genetic testing are used in concert to establish the diagnosis

in a given patient with hypoparathyroidism.
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MEASUREMENT OF PARATHYROID HORMONE

PTH Assays and the Diagnosis of Hypoparathyroidism

Successive advances in immunoassays of PTH have led to improvements in both the

sensitivity and specificity the measurement of the clinically significant and secreted active

form of PTH, namely PTH(1-84) (Figure 2). The first generation of PTH

radioimmunoassays (RIAs) prevailed between 1963(79) and 1987. These initial RIAs used

multivalent antibodies developed against partially or fully purified bovine PTH(1-84).

Standards consisted of partially purified bovine PTH(1-84) or human serum containing high

concentrations of PTH.(79) Most of these assays reacted with the C-region of PTH(1-84) and

primarily identified biologically inactive C-fragments in the circulation. In addition to their

lack of specificity for PTH(1-84), their varied characteristics resulted in the inability to

compare results between RIAs for PTH.

The second generation of assays for PTH was ushered in after 1987(80) by the advent of the

immunoradiometric assay (IRMA). These much more useful second generation assays

provided enhanced sensitivity and specificity. The principle of the PTH IRMA is to capture

PTH molecules with one antibody directed against the carboxyl terminal region and detect

PTH with a second radiolabeled or enzyme-labeled antibody directed toward the amino-

terminus of PTH. This technique allowed for greater specificity and seemed to detect only

the full-length molecule without interference by circulating carboxyl fragments. The

enhanced specificity, moreover, led to more accurate discrimination of hyperparathyroidism

from normal subjects–-a major diagnostic advance—and also allowed, for the first time, a

direct comparison of results between laboratories.

Although second-generation IRMA assays were denoted as “intact” PTH assays, it was

subsequently shown that they also detected nearly full-length but biologically inactive

amino-terminally truncated PTH molecules, such as PTH(7-84), the existence of which had

not previously been appreciated.(81-83) These large N-terminally truncated fragments

represent approximately 20% of second-generation PTH immunoreactivity in normal

subjects and up to 45% in renal failure, because the clearance of these larger fragments

depends upon renal excretion.(81,84)

In order to eliminate from detection these large, inactive PTH fragments, third-generation

PTH assays were developed. They accomplished the goal, to detect only biologically active

PTH(1-84), by recognizing a detection epitope of PTH that was in the amino-terminal 1-7

region of the molecule.(83) Similar to the second-generation assays, they use solid phase C-

terminal capture antibodies, but unlike the second-generation assays, they do not detect

PTH(7-84) fragments. However, it subsequently became apparent that the third-generation

assays detect another PTH form that represents a post-translational modification of

hPTH(1-84). This circulating species, termed N-PTH, represents less than 10% of the

immunoreactivity detected by these third-generation assays in normal subjects and up to

15% in advanced renal failure.(85) In parathyroid cancer, this species becomes even more

predominant.(86) Although they provide a clear advantage over the second-generation

assays, the third-generation PTH assays have not been shown to be more useful than second-

generation assays in the diagnosis of PHPT.(87) It is likely that the third-generation assays

are not more useful in the diagnosis of hypoparathyroidism,(88) although very few studies

are available. Diagnosing patients with hypoparathyroidism can be improved by using

stimulation tests rather than basal levels,(89) but they are generally not used.
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SKELETAL DISEASE IN HYPOPARATHYROIDISM

Regardless of its etiology, the effects of chronic PTH deficiency on the human skeleton are

profound. In normal adults, bone mass is regulated by a delicate balance between bone

resorption and formation in a tightly regulated process termed remodeling. PTH is one of the

key regulators of the rate of bone remodeling. A reduction or absence of circulating PTH

leads initially to a decrease in bone resorption and then to a coupled reduction in bone

formation. However, the balance between resorption and formation favors the latter as, over

time, bone mass increases. This effect is manifested in both cancellous and cortical bone

compartments.(90-94) Greater insight into the architectural basis of the increase in bone mass

can be obtained by peripheral quantitative computed tomography (pQCT). Using this

technique, Chen et al compared volumetric bone mineral density (vBMD) and geometry of

the distal radius and midradius among postmenopausal women with postsurgical or

idiopathic hypoparathyroidism, PHPT, and normal controls.(93) At the 4% distal radius site,

which is enriched in cancellous bone, trabecular vBMD was higher in the rank order

hypoparathyroidism>control>PHPT. At the 20% midradius site, cortical vBMD was also

greater in the same rank order. The BMD differences among these 3 groups could be

explained by differences in bone geometry. At both radial sites, total bone area and both

periosteal and endosteal surfaces were greater in PHPT than in hypoparathyroidism, and

controls and cortical thickness and area were higher in the rank order

hypoparathyroidism>control>PHPT. Increased cancellous bone volume has been shown by

high-resolution pQCT and increased mechanical strength has been suggested by microfinite

element analysis (Figure 3).(95)

Although there are only two studies available, the most comprehensive information on the

effects of hypoparathyroidism on the skeleton has come from histomorphometric analysis of

the iliac crest bone biopsy. In the first of these studies, biopsies were obtained from 4 men

and 8 women with vitamin D-treated hypoparathyroidism and 13 age- and gender-matched

controls.(96) Nine of the subjects suffered from postoperative hypoparathyroidism of 2-53

years’ duration, and 3 had idiopathic disease. Ten of the patients were treated with 1-α-

hydroxylated vitamin D (0.5-3.9 μg/d), and 2 received calciferol oil. There was a

nonsignificant trend toward an increase in cancellous bone volume in the hypoparathyroid

subjects, but the structural indexes, marrow star volume, trabecular star volume, and

trabecular thickness were not different from controls. Bone forming surface and bone

formation rate (BFR) were significantly reduced by 58% and 80%, respectively, in the

hypoparathyroid subjects, and remodeling activation frequency was 0.13 per year, compared

to 0.6 per year in controls. Initial mineral apposition rate was also lower, by a factor of 5, in

the hypoparathyroid subjects, but this difference was not statistically significant. The total

resorption period was prolonged from 26 to 80 days in the hypoparathyroid subjects and the

resorption depth was reduced. The reconstructed remodeling cycles derived from these data

are shown in Figure 4. The balance between the resorption depth and wall thickness of

cancellous bone packets was slightly positive, by approximately 5 μm, in the

hypoparathyroid subjects compared to the controls.

A more recent larger histomorphometric study involved 33 subjects (24 women and 9 men)

with hypoparathyroidism treated with vitamin D and 33 age- and sex-matched control

subjects.(94) The etiologies of the hypoparathyroid state were post-thyroid surgery (n=18),

autoimmune (n=13), and DiGeorge syndrome (n=2), and the mean duration of the disease

was 17±13 (SD) years. Vitamin D intake varied between 400 and 100,000 IU/d and calcium

supplementation varied between 0 and 9 g/d. Ten of the 33 hypoparathyroid subjects were

receiving thiazide diuretics. In contrast to the earlier smaller study,(96) cancellous bone

volume was elevated in the hypoparathyroid subjects (Figures 5 and 6). The structural basis

for the higher cancellous bone volume in hypoparathyroidism was an increase in trabecular
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width; trabecular number and trabecular spacing were both similar to controls. Cortical

width was also significantly greater in the hypoparathyroid subjects, and cortical porosity

was 17% lower than in controls, but this difference was not statistically significant.

Remodeling activity was assessed separately on cancellous, endocortical, and intracortical

skeletal envelopes. Osteoid surface and width were reduced in the hypoparathyroid subjects

on all 3 envelopes. The tetracycline-based BFR was significantly lower on all 3 envelopes in

the hypoparathyroid subjects with the most profound reduction (more than fivefold) seen on

the cancellous envelope (Figure 7). The reduction in BFR was due to significant decreases in

both mineralized surface and mineral apposition rate on all 3 envelopes. The eroded surface

did not differ between the hypoparathyroid and normal subjects, but the bone resorption rate

was significantly lower in the hypoparathyroid subjects on all 3 envelopes. As in the earlier

study,(96) these findings are all indicative of a profound reduction in the bone turnover rate

in hypoparathyroidism accompanied by an increase in bone mass in both cancellous and

cortical compartments.

The effects of PTH deficiency on cancellous and cortical bone mass, which were initially

observed by noninvasive imaging and by 2-dimensional histomorphometry, were recently

confirmed by the 3-dimensional analytical capability afforded by microcomputed

tomography.(97) Results from this study confirmed the increase in cancellous bone volume

and trabecular thickness in hypoparathyroid subjects and demonstrated higher trabecular

number and trabecular connectivity in comparison to matched control subjects. In addition,

the structural model index was lower in hypoparathyroidism, indicating that the trabecular

structure was more plate-like than rod-like (Figure 8).

Rubin and colleagues have also recently begun to explore the material composition of the

bone matrix in hypoparathyroidism. Using backscatter electron imaging, they found that the

mean mineralization density in iliac bone from subjects with hypoparathyroidism was

similar to controls, although there was greater interindividual variation in mineralization

parameters in the hypoparathyroidism subjects than in the controls.(98) This result is

surprising as one might have expected that mineralization density would be enhanced in

hypoparathyroidism because of the low turnover and the attendant increase in mineralization

as the bone “ages.” It suggests that mineralization density is controlled by other factors, in

addition to the degree of secondary mineralization, and indicates that the higher bone

mineral density (BMD) by densitometry in hypoparathyroidism is due in large part to the

increase in bone tissue volume rather than an increase in the amount of mineral within the

tissue.

As evidenced by the work cited here, application of new research techniques to the study of

hypoparathyroidism is leading to new insights regarding the skeletal abnormalities in this

disease. We expect that this progress will continue at an even greater pace over the next 5

years and will lead to a much better understanding of the pathophysiology, as well as the

biomechanical and metabolic effects, of a disease that has, until recently, received little

attention.

CURRENT MANAGEMENT OF HYPOPARATHYROIDISM: APPROACHES

AND ASSOCIATED COMPLICATIONS

Acute Management

In hypoparathyroidism, symptomatic hypocalcemia (carpal or pedal spasm, seizures,

broncho- or laryngospasm) can be a medical emergency requiring acute intravenous

administration of calcium. Although the actual value of the corrected serum calcium level is

often regarded as a threshold for acute management (ie, 1.9 mmol/L [7.5 mg/dL]),(99-101)

symptoms generally dictate the decision to administer acute therapy. Intravenous calcium
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gluconate should be used. Calcium chloride should be avoided because it is irritating and

potentially sclerosing to veins.(99,102) Ten milliliters of 10% calcium gluconate diluted in

100 mL 5% dextrose (D5W) is infused intravenously over 5-10 minutes. This infusion

provides 90 mg of elemental calcium and can be followed by a continuous infusion of a

larger amount based on body weight: 15 mg/kg of elemental calcium generally translates to

approximately 10 ampules (900 mg of elemental calcium) diluted in 1 L of D5W at 50 mL/

h.(101-105) Over 8 hours, this infusion protocol will raise the serum calcium by

approximately 2 mg/dL.(99) If the situation warrants (eg, digoxin therapy), the

electrocardiogram can be monitored.(99,103,106) In the special situation of magnesium

deficiency, calcium is given as described, but magnesium should also be administered.(99)

Chronic Management

In view of the fact that there are currently no formal guidelines, management of

hypoparathyroidism is based upon experience and clinical judgment.(99)

The primary goals of chronic management include maintaining within an acceptable range

the following indexes: (a) serum total calcium (usually in the low-normal range); (b) serum

phosphorus (usually in the high-normal range), (c) 24-h urine calcium excretion (<7.5

mmol/d); (d) calcium-phosphate product under 55 mg2/dL2 (4.4 mmol2/L2).(99,106,107)

For chronic management, current treatment options include oral calcium, vitamin D

(including its metabolites and analogs), and thiazide diuretics. In special situations,

phosphate binders, low salt-diet, or a low-phosphate diet might be helpful adjuncts.(99)

Calcium—The recommended calcium supplements are calcium carbonate and calcium

citrate, the latter being more consistently helpful in those with achlorhydria.(99,108,109) If

calcium carbonate is to be used in subjects with achlorhydria, it should be taken with a

protein-based meal to insure adequate absorption. (109a) The amount of calcium that is

needed varies greatly among patients, from as little as 1 g/d to as much as 9 g/d.(99)

Vitamin D Metabolites—Along with calcium, therapy with native vitamin D and/or its

active metabolites and analogs, is a cornerstone of management. 1,25(OH)2D3 (calcitriol),

the active metabolite of vitamin D, maintains serum calcium, in part, by improving the

efficiency of intestinal calcium absorption.(110) It also promotes bone remodeling through

the RANKL signaling pathway.(108,110) Calcitriol is administered over a wide dosing range:

0.25-2.0 μg/d(99,103,106,111,118) and can increase serum calcium substantially within 3

days.(111-117) In modest doses (0.25-0.75 μg/d), a single daily dose is typically administered.

When higher amounts are required, calcitriol is typically administered in divided doses.

Vitamin D2 (ergocalciferol) or vitamin D3 (cholecalciferol) is often used along with the

active metabolite of vitamin D. The longer half-life of the parent vitamin (2-3 weeks) helps

to provide smoother control in view of the very short half-life of calcitriol, which is

measured in hours.(114-117) The amount of parent vitamin D needed can be similar to

amounts that euparathyroid individuals take (800-1500 IU daily) or can be in much higher

doses (50,000 weekly or even more often). The analog alfacalcidol (1-alpha-hydroxyvitamin

D3), which is rapidly converted to 1,25(OH)2D3 in vivo,(116) can be useful,(119).

Dihydrotachysterol use, limited by availability and lower potency(108), is no longer available

in the United States.

Thiazide Diuretics—By enhancing distal renal tubular calcium reabsorption, thiazide

diuretics reduce urinary calcium excretion and thus are sometimes of value in

hypoparathyroidism.(99,102,120-124) The therapeutic class of benzothiadiazines, including

chlorothiazide, hydrochlorothiazide, polythiazide, and chlorthalidone, all lower urinary
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calcium excretion by this mechanism.(99,125) The use of hydrochlorothiazide may help to

limit the amount of vitamin D that is needed to maintain normal calcium levels in

hypoparathyroidism.(125-128) The action of thiazide diuretic therapy to lower urinary calcium

excretion can be seen as early as 3-4 days after starting treatment. The effects on serum

calcium, which appear to be greater than what would be expected by reduced calcium

excretion alone may occur also through an effect on gastrointestinal calcium

absorption.(129-132)

Limitations of Currently Approved Treatment Options

Overall Sense of Well-being—A recent cross-sectional study compared well-being and

mood using validated questionnaires in 25 women with postsurgical hypoparathyroidism

who were on stable treatment with calcium and vitamin D (or analogs) and in 25 women

with intact parathyroid function and a history of thyroid surgery.(133) Serum calcium

remained in the accepted therapeutic range (2.00-2.35 mmol/L) in 18 of the 25

hypoparathyroid patients. Hypoparathyroid patients had significantly higher global

complaint scores in the Giessen complaint list, von Zerssen symptom list, and Symptom

Checklist-90, with increases in subscale scores for anxiety, phobic anxiety, and their

physical equivalents. Current standard therapy for hypoparathyroidism failed to restore well-

being in these patients.

Hypercalcemia and Hypercalciuria—With the need for high doses of calcium

supplements and vitamin D and its analogues to maintain serum calcium levels, it is not

surprising that hypercalcemia is an ever-present concern in some patients. Treatment with

the vitamin D sterols carries the risk of vitamin D toxicity, which can manifest as

hypercalcemia, hypercalciuria, and hyperphosphatemia.(108) Although calcitriol has an

advantage over parent vitamin D therapy because of its short half-life and lack of

appreciable storage in fat, it may be associated more often with hypercalcemia because of its

greater potency.(112,126,134,135) If the hypercalcemia is due to calcitriol, rapid reversal can be

expected because of its short half-life.(134) Other metabolites, such as alfacalcidol and

dihydrotachysterol, as well as vitamin D itself, have longer half-lives. Hypercalcemia due to

these forms of vitamin D may take longer to resolve.(108,116,134) Not surprisingly,

hypercalciuria is a common complication of therapy.(99,102,120) Hypercalciuria will occur

typically before the serum calcium increases. The complications of hypercalciuria include

nephrolithiasis, nephrocalcinosis, and renal dysfunction.(99,136-139) Close monitoring of the

laboratory profile is warranted in all patients being treated with large amounts of calcium

and vitamin D preparations.(99,103)

Hyperphosphatemia—Vitamin D therapy can be associated with hyperphosphatemia,

since active vitamin metabolites and analogs also increase intestinal phosphate

absorption.(108) When it does occur, the hyperphosphatemia may be lowered by reducing

dietary intake of phosphate. In extreme situations, phosphate binders can be used.(99,107)

Presumably, if the serum calcium concentration can be controlled and the tendency for

hyperphosphatemia is minimized, extraskeletal complications will be less likely to occur.

Basal ganglia calcifications, however, are common but they are only rarely associated with

movement disorders.

Hypokalemia and/or Hyponatremia—Limitations of thiazide diuretics are related to the

risk of developing hypokalemia and/or hyponatremia.(128) A low-sodium diet is an effective

and inexpensive adjunct.
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USE OF PARATHYROID HORMONE IN THE TREATMENT OF

HYPOPARATHYROIDISIM

Treatment of hypoparathyroidism with PTH is appealing because it provides the hormone

that is missing. Moreover, reducing calcium and calcitriol requirements in

hypoparathyroidism, an expected consequence of using PTH in this disorder, has important

advantages with regard to safety and efficacy. Reduced calcium and vitamin D requirements

potentially lessen the risk of hypercalcemia and hypercalciuria. An additional possible

advantage is that, because of its phosphaturic properties, PTH use may reduce the risk of

soft-tissue deposition of calcium in the kidneys (nephrocalcinosis, nephrolithiasis) and

possibly in other soft tissues.

Use of Teriparatide [PTH(1-34)] in Hypoparathyroidism

Replacement therapy using synthetic human parathyroid hormone 1-34 [PTH(1-34)] in

adults with hypoparathyroidism was initially investigated in a crossover pilot study of 10

subjects.(140) The results demonstrated that PTH(1-34) maintained both serum and urinary

calcium in the normal range over a 24-hour period when given as a single daily

subcutaneous injection for 10 weeks. PTH(1-34) resulted in a lower urinary calcium level

than calcitriol for a given level of serum calcium. Subsequently, results of a randomized

controlled-dose study showed that twice-daily PTH(1-34) given for 14 weeks provided

effective short-term treatment for hypoparathyroidism with a reduced total daily dose, an

apparent reduction in bone turnover, and a decreased incidence of bone pain compared to a

once-daily regimen.(141) Twice-daily PTH(1-34) produced higher levels of serum calcium

with fewer fluctuations into the hypocalcemic range. Markers of bone turnover were

elevated above the normal range in response to both treatment regimens. However, twice-

daily PTH(1-34) produced significantly lower serum marker levels. In a subsequent long-

term study, 27 adults with hypoparathyroidism were randomized to either calcitriol or twice-

daily PTH(1-34).(142) The findings demonstrated that twice-daily PTH(1-34) could maintain

serum calcium in the low normal or just below the normal range over a 3-year period; there

were no statistically significant differences in urine and serum calcium between the two

groups. In the PTH(1-34) treated group, however, markers of bone turnover (osteocalcin,

alkaline phosphatase) were significantly elevated during the 3-year study, at levels at least

twofold greater than normal. Despite this increase in bone turnover, there was no change in

the BMD, as measured with dual energy x-ray absorptiometry (DXA). This contrasts with

the calcitriol-treated group, which experienced a rise in spinal BMD over time with no rise

in bone markers.

PTH(1-34) replacement therapy has also been studied in children with hypoparathyroidism.

A similar 14-week study in children showed better metabolic control with twice-daily

PTH(1-34) versus a single daily injection, however, there were no significant differences in

bone markers between the 2 groups.(143) Most recently, results of a 3-year study in 12

children randomized to twice-daily PTH(1-34) or calcitriol demonstrated that PTH(1-34)

can effectively manage the hypocalcemia of hypoparathyroidism.(144) As in adults, 3 years

of PTH(1-34) replacement therapy resulted in significant increases in bone turnover markers

compared to calcitriol-treated controls. In addition, Z-scores of the 1/3 radius measured by

DXA were significantly decreased in the PTH(1-34) group compared to the calcitriol group

after 3 years. Both of these pediatric studies reported that urinary calcium excretion

remained within the normal range; however, the investigators failed to normalize urinary

calcium excretion to body weight.

A recent report describes a 20-year-old hypoparathyroid woman with a CaSR mutation who

was treated with PTH(1-34) for 14 years.(145) PTH(1-34) treatment did not ameliorate her
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hypercalciuria nor did it prevent the development of nephrocalcinosis. However, bone

biopsies revealed dramatic increases in cancellous bone volume.

Use of PTH(1-84) in Hypoparathyroidism

The effects of treatment with PTH(1-84) (100 ug in an every-other-day treatment regimen)

were studied in 30 hypoparathyroid subjects for 24 months.(146) The majority (n=22) of the

subjects were female, and the two major etiologies of hypoparathyroidism were postsurgical

and autoimmune. Duration of hypoparathyroidism ranged from 3 to 45 years. Most subjects

had normal serum calcium levels on replacement therapy with calcium and vitamin D (mean

baseline serum calcium, 2.1±0.2 mmol/L; normal range, 2.1-2.6 mmol/L); baseline BMD T-

scores were normal or above the normal range (lumbar spine T-score, 1.7±2; femoral neck

T-score, 0.7±2; distal 1/3 radius T-score, -0.03±1.0).

Calcium and Vitamin D Supplementation With PTH(1-84)—The reductions in

calcium and vitamin D supplementation with PTH(1-84) were notable. Requirements for

supplemental calcium fell significantly from 3030±2325 to 1661±1267 mg/d (P<0.05;

Figure 9). Even more telling, the number of subjects on calcium supplementation that was

greater than 1500 mg/d decreased from 22 (73%) at study entry to only 12 (40%) at the

study conclusion. Similarly, calcitriol supplementation declined from the baseline mean of

0.68±0.5 to 0.40±0.5 μg/d (P<0.05; Figure 10). Again, fewer patients needed high

supplementation; the number of subjects on a dose of 1,25-dihydroxyvitamin D that was

greater than 0.25 μg/d fell from 25 (83%) at study entry to 15 (50%) at the study conclusion.

Serum and Urinary Calcium Levels With PTH(1-84)—Hypercalcemia was

uncommon with PTH(1-84) treatment. The serum calcium was maintained in the lower half

of the normal range and during months 9 to 24 was not different from baseline values

(Figure 10). During the first 6 months of the study, there were small but significant increases

from baseline (eg, at 2 weeks: 2.1±0.2 to 2.2±0.3 mmol/L; P=0.03). Thereafter, serum

calcium values were not different from baseline. Nine subjects (30%) developed a mild

elevation in serum calcium at some point during the trial. In contrast to the studies of Winer

et al with PTH(1-34),(142) 24-hour urinary calcium excretion changed significantly, but

minimally, at only 1 time point with PTH(1-84) (3 months; Figure 10).

Bone Mineral Density With PTH(1-84)—Compared to baseline, BMD increased at the

lumbar spine—by 2.9±4% (P<0.05) from 1.24±0.3 to 1.27±0.3 g/cm2 (T-score, 1.7±2 to

1.9±2; Figure 11)—a site that is enriched in cancellous bone. Because PTH is known to be

anabolic for cancellous bone, this observation could indicate that new, younger bone is

being formed as a result of PTH treatment. A more detailed examination of skeletal features,

using high-resolution imaging or bone biopsy, would be necessary to elucidate which

changes in microarchitectural parameters contribute to the increase in trabecular BMD. Such

results would also be of great interest in terms of a comparison between the effects of

PTH(1-84) as a therapy for osteoporosis or as replacement therapy for hypoparathyroidism.

Along with the increase in lumbar spine BMD, a decrease in the distal 1/3 radius, a site of

cortical bone, was observed, decreasing by 2.4±4% (P<0.05) from 0.72±0.1 to 0.70±0.1 g/

cm2 (T-score, 0.03±2 to 0.26±1; Figure 11). These results speak to the effects of PTH to

cause endosteal resorption. These data do not imply that bone is weakened, because salutary

effects on microarchitecture and bone size could well provide biomechanical advantages,

despite the reduction in BMD. A more detailed skeletal assessment would be required to

answer this question. Overall, these changes in trabecular and cortical skeletal compartments

recall the pattern seen with PTH treatment of osteoporosis in individuals who do not have

hypoparathyroidism.(147)

Bilezikian et al. Page 18

J Bone Miner Res. Author manuscript; available in PMC 2012 October 01.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



RESEARCH DIRECTIONS

1. Classification of Hypoparathyroidism

Hypoparathyroidism has been defined with respect to the specific causes, mutations, and

complex genetic abnormalities that cause the disorder, in addition to the most common

variety due to postsurgical complications. With greater knowledge of these other etiologies,

a clearer differential diagnosis can be generated and more efficient workup can be

formulated, when one encounters a new index case and family. Understanding the molecular

etiology of the disease in a patient and family has the potential for tailored treatment, family

screening, and genetic counseling. The term “idiopathic hypoparathyroidism” should be

reserved for hypoparathyroidism in which no cause is known. An accurate classification

system for the hypoparathyroid disorders, based on their hereditary patterns and genetic

defects, when known, would provide a more scientifically rigorous framework in which to

approach patients clinically. In addition, basic research in this area would establish a

knowledge base that would inform clinicians and scientists about genes important in

parathyroid/endocrine cell development and in the regulation of the PTH secretory pathway

within the cell.

2. Epidemiology

More complete information is needed on the incidence of postsurgical hypoparathyroidism

with attention to comparing centers where surgical expertise is extensive versus limited.

More complete information about the incidence of autoimmune and other variants of

hypoparathyroidism is also needed. Data on the risk of fractures are needed.

3. Diagnostic Criteria

Absent or inappropriately low PTH in the face of hypocalcemia is the diagnostic criterion of

hypoparathyroidism. However, the nature of the immunoactive material detected by the PTH

assay in some subjects with hypoparathyroidism has not been elucidated. Can tests be

performed to clarify whether this material is truly PTH(1-84), ie, authentic hormone?

Secondly, if it is PTH(1-84), can its production be stimulated with calcium lowering or the

pharmacologic surrogate -- a calcium receptor antagonist (“calcilytic”)-- or is secretory

control lost? When is genetic testing recommended?

4. Clinical Features of the Hypoparathyroid Disorders

Signs and symptoms may be associated not only with the extent, chronicity, and therapeutic

endpoints in hypoparathyroidism but also with the different etiologies of the disease. Signs

and symptoms in postsurgical hypoparathyroidism might be different from those with the

autoimmune or genetic variants. Can clinical phenotypes be identified on the basis of

whether or not there is or is not any circulating PTH?

5. Designing an Optimal Long-term Treatment Strategy

The effects of therapy with different forms of treatment (PTH peptides, vitamin D and its

analogs, and thiazide diuretics) on BMD and bone quality need more investigation. A

comparison between PTH(1-34) or the longer-lived PTH(1-84) would be of interest with

regard to detailed structural and densitometric effects at specific skeletal sites. Does PTH

improve skeletal microstructure and the properties of bone mineral in hypoparathyroidism?

Do changes in circulating markers of bone turnover after PTH administration relate to

changes in bone quality as determined by bone biopsy or noninvasive high resolution

skeletal imaging?
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More information is needed about the chronic effects of PTH treatment. Is the kidney

protected by PTH action? Are there salutary effects on the cardiovascular system? What is

the effect of PTH treatment on quality of life; are changes in quality of life only related to

normalization of calcium and phosphate per se? Are there quality-of-life measures that can

be specifically attributable to giving the missing hormone PTH, independent of the

normalization of circulating calcium and phosphate levels? Will these effects vary with

different formulations of PTH and/or modes of hormone delivery? What is the ideal dosing

and delivery system to achieve sustained effects on serum calcium and phosphate, while

protecting the kidney from the potential adverse events?

SUMMARY

This report summarizes our current state of knowledge of hypoparathyroidism, a major

disorder of parathyroid function. It emphasizes not only what we know about the disease but

also what additional knowledge is needed in order for us to understand more completely its

epidemiology, etiologies and molecular pathogenesis, and clinical manifestations. In a

disorder characterized by absent or inadequate parathyroid function, hypoparathyroidism

presents an opportunity to appreciate the effects of absent or inadequate PTH on the skeleton

and other target tissues. Finally, one looks forward to a time when the missing hormone,

namely PTH, will become the standard option for therapy of this disease.
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FIG. 1.
A clinical algorithm for the workup of the patient who presents with hypocalcemia, which

should be confirmed with a repeat measurement, along with the specific steps in the workup

to confirm the diagnosis of hypoparathyroidism. Additional etiologies for

hypoparathyroidism are discussed in greater detail in the text, to which the reader is referred

for further reference, and definitive genetic testing resources for explicit diagnoses and

mutational analysis should be researched by the treating clinician or a geneticist.
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FIG. 2.
Relationship between parathyroid hormone (PTH) structure, PTH assay generations, known

PTH assay epitopes, and known circulating PTH molecular forms. With each generation,

PTH assays have become more selective toward full-length PTH(1-84).
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FIG. 3.
Images showing tissue stress levels under axial loading generated by microfinite element

analysis based on microcomputed tomography of iliac crest bone biopsies (A, C, E) and

high-resolution peripheral quantitative computed tomography (B, D, F) of the radius in a

premenopausal woman with idiopathic osteoporosis (A and B), a normal premenopausal

control (C and D), and a patient with hypoparathyroidism (E and F). Dark blue indicates the

regions with lowest stress, and dark red indicates the regions with highest stress. The lowest

stress levels are seen in the subject with hypoparathyroidism. Reproduced with

permission.(95)
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FIG. 4.
Reconstructed remodeling cycles in hypoparathyroid (upper) and normal (lower) subjects.

Note the marked elongation of all phases of the remodeling cycle in hypoparathyroidism.

Reproduced with permission.(95)
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FIG. 5.
Low-power view of iliac crest bone biopsies from a control subject (left) and a subject with

hypoparathyroidism (right). Goldner trichrome stain. Note the increase in cancellous bone

volume and cortical thickness in the hypoparathyroid subject. Reproduced with permission

from.(94)
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FIG. 6.
Cancellous and cortical bone parameters obtained by histomorphometry in subjects with

hypoparathyroidism (hatched bars) and controls (open bars). Values are mean±SD. Drawn

from data from Rubin et al.(94)
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FIG. 7.
Tetracycline labels in a hypoparathyroid (left) and control subject (right). Tetracycline

uptake was markedly reduced in the hypoparathyroid subject, reflecting the low turnover

rate.
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FIG. 8.
Reconstructed microcomputed tomographic images of cancellous bone from a

hypoparathyroid (left) and a control subject (right). Note the dense trabecular structure in

hypoparathyroidism. Reproduced with permission.(97)
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FIG. 9.
Changes in calcium and 1,25-dihydroxyvitamin D supplementation: Calcium requirements

decreased at 3, 9, 12, 18, and 24 months from baseline while 1,25-dihydroxyvitamin D

requirements decreased by 1 month. Data are mean±SD. *P<.05 as comparison to baseline.

Reproduced with permission.(146)

Bilezikian et al. Page 36

J Bone Miner Res. Author manuscript; available in PMC 2012 October 01.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



FIG. 10.
Changes in serum calcium, serum phosphate, and urinary calcium: Serum calcium increased

at Months 2 through 6 but was no different from baseline at 1, 9, 12, 18, and 24 months.

Serum phosphate decreased into the normal range at Month 3 and remained in the normal

range through 24 months. The shaded area shows the normal ranges of serum calcium and

phosphate. Urinary calcium increased at 3 months but otherwise did not change. The heavier

and lighter dashed lines show the upper limit of normal urinary calcium levels in men and

women, respectively. Data are mean±SD. *P<.05 as comparison to baseline. Reproduced

with permission.(146)
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FIG. 11.
Changes in bone mineral density (BMD): Lumbar spine BMD increased, while the femoral

neck did not change and the distal 1/3 radius BMD decreased. Data are mean ± SD. *P<.05

as comparison to baseline. Reproduced with permission.(146)
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TABLE 1

Classification of Congenital Hypoparathyroid Disorders With Genetic Characterization

Disorder Gene Defect/Chromosome Locus

Isolated Hypoparathyroidism

 Autosomal recessive PTH/11p15

GCMB/6p24.2

 Autosomal dominant PTH/11p15

CaSR/3q21.1

GCMB/6p24.2

 X-linked SOX3/Xq26-27

Hypoparathyroidism With Additional Features

 Polyglandular autoimmune syndrome AIRE/21q22.3

 DiGeorge syndrome TBX1/22q11

 Hypoparathyroidism-retardation-dysmorphism syndrome TBCE/1q42-43

 Hypoparathyroidism-deafness-renal dysplasia syndrome GATA3/10p13-14

Mitochondrial Disorders Associated With Hypoparathyroidism

 Kearns-Sayre syndrome Mitochondrial genome

 Mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes Mitochondrial genome

 Mitochondrial trifunctional protein deficiency syndrome Unknown

Several Other Forms

Defective PTH Action

 Pseudohypoparathyroidism

  Type 1a GNAS/20q13.3

  Type 1b GNAS/20q13.3

 Blomstrand chondrodysplasia PTHR1/3p22-p21.1
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