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Hypoparathyroidism – disease update and emerging treatments

Hypoparathyroïdie : état des lieux et nouveaux traitements
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bstract

Parathyroid hormone (PTH) is the primary regulator of blood calcium levels and bone metabolism. Insufficient levels of PTH lead to hypoparathy-
oidism, characterized by low serum calcium and elevated serum phosphate levels. It is most commonly caused by the inadvertent damage to the
arathyroid glands during thyroid surgery. Patients with hypoparathyroidism are currently being treated with oral calcium and active vitamin D,
nd to avoid worsening hypercalciuria, target serum calcium levels are within the lower end of normal. With current treatment, patients may suffer
rom large swings in serum calcium and are at a substantial risk of chronic renal failure, nephrocalcinosis, and kidney stones. The recent FDA
pproval of recombinant human (rh) PTH(1-84) for the treatment of hypoparathyroidism adds PTH replacement therapy to the endocrinologist’s
rmamentarium to treat this chronic disease.

2015 Published by Elsevier Masson SAS.
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ésumé

L’hormone parathyroïdienne (PTH) est le principal régulateur du taux sanguin de calcium et du métabolisme osseux. L’insuffisance des taux de la
TH liée à l’hypoparathyroïdie se caractérise par une baisse des taux du calcium sérique et un niveau accru de phosphate sérique. L’hypoparathyroïdie
st le plus communément liée à des altérations malencontreuses des parathyroïdes au cours de la chirurgie thyroïdienne. Les patients atteints
’hypoparathyroïdie sont actuellement traités par l’apport oral de calcium et des formes actives de vitamine D, et afin d’éviter l’aggravation de
’hypercalciurie, la cible des valeurs du calcium sérique est située dans la partie inférieure des normes. Avec les traitements actuels, les patients
euvent souffrir d’importantes fluctuations des calcémies, et courent un risque significatif d’insuffisance rénale chronique, de néphrocalcinose et

e calculs rénaux. L’approbation récente par la FDA de la PTH recombinante humaine (rh PTH 1-84) dans le traitement de l’hypoparathyroïdie
joute la substitution par la PTH à l’arsenal thérapeutique des endocrinologues pour traiter cette maladie chronique.

2015 Publié par Elsevier Masson SAS.
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. Introduction

Parathyroid glands produce parathyroid hormone (PTH),
peptide hormone of 84 amino acids that is necessary for

egulating blood calcium and phosphate levels, and for main-

aining bone health. Parathyroid cells sense extracellular calcium
hrough the G-protein coupled calcium sensing receptor (CASR)
nd respond appropriately with production and release of PTH
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hen calcium is low, and suppression of PTH when it is
igh. PTH exerts its actions through binding and activation
f the PTH/PTHrP receptor in the kidney and bone. PTH
ncreases serum calcium by three main mechanisms: release of
alcium from bone, stimulation of renal 1-alpha-hydroxylase
hich leads to an increase in active 1,25(OH)2-vitamin D, and

eabsorption of calcium from the distal renal tubules. PTH
lso promotes renal phosphate excretion. Hypoparathyroidism

s a life-long, orphan disease characterized by an inadequate
roduction of PTH, resulting in low blood calcium levels
hypocalcemia) and elevated serum phosphate levels (hyper-
hosphatemia) [1,2].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ando.2015.03.009&domain=pdf
http://www.sciencedirect.com/science/journal/00034266
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. Etiology of hypoparathyroidism

There are an estimated 60,000 patients with hypoparathy-
oidism in the United States [3]. The etiologies of hypoparathy-
oidism can be broadly categorized into postsurgical or medical
auses.

.1. Postsurgical

Postsurgical hypoparathyroidism is the most common form
f the disease and comprises about 75% of patients [3]. Dur-
ng neck surgery, particularly total thyroidectomy, parathyroid
lands can either be inadvertently removed, or their blood supply
nterrupted. Factors associated with this complication include
he surgeon’s experience, high-volume surgeons generally have
mproved outcomes, and the surgery itself since reoperation
nd extensive surgery carry a higher risk of complications [4].
ther risk factors include substernal goiter, Graves’ disease, and

ancer.

.2. Medical

Medical causes of hypoparathyroidism comprise a diverse
roup of etiologies. Autoimmune hypoparathyroidism, the
econd most common cause of the disease, is caused by immune-
ediated destruction of the parathyroid glands. It can occur

poradically, or as part of the inherited autoimmune polyglan-
ular syndrome (APS) 1, also known as polyendocrinopathy-
andidiasis-ectodermal dystrophy (APECED) [3]. APS1 is
n autosomal-recessive disorder resulting from a loss-of-
unction of the AIRE (autoimmune regulator) gene. The AIRE
ene’s product plays a crucial role in the development of
olerance towards self-antigens. When absent, tolerance to
elf-antigens is not correctly established, resulting in various
utoimmune diseases. The classical clinical triad of APS1 con-
ists of mucocutaneous candidiasis, Addison’s disease, and
ypoparathyroidism. Other autoimmune diseases may appear,
uch as type 1 diabetes, Hashimoto’s thyroiditis, or celiac dis-
ase. The target of the autoimmune attack of the parathyroid
lands is not clearly understood. Antibodies to the NACHT
eucine-rich repeat protein 5 (NAPLP5) are often found in APS1
atients with hypoparathyroidism, yet the role of these antibod-
es has not yet be determined. Antibodies to the calcium-sensing
eceptor (CASR) have also been identified in a subgroup of
atients with either APS1 or isolated autoimmune hypoparathy-
oidism [5]. Gene testing can identify AIRE mutations, but there
s currently no validated clinical test for antibodies to establish
he diagnosis of isolated autoimmune hypoparathyroidism.

Although genetic forms of hypoparathyroidism are rare, the
dentification of the causative genetic mutations, and subsequent
lucidation of the mechanism by which mutated genes cause
ypoparathyroidism, has greatly contributed to our understand-
ng of parathyroid function and pathophysiology.
The genetic causes of isolated hypoparathyroidism can be
rouped into three main categories according to the mechanism
y which they lead to hypoparathyroidism. In the first group,
atients develop parathyroid glands normally, but the secretion
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f parathyroid hormone at normal calcium concentrations is
mpaired. A prime example of this is autosomal-dominant
ypocalcemia (ADH), caused by activating mutations in the
alcium-sensing receptor [6,7]. ADH is the most common
enetic form of hypoparathyroidism. More recently, gain-of-
unction mutations in the alpha subunit of G11, a signaling
olecule downstream of the calcium-sensing receptor, were

ound to cause hypoparathyroidism as well [8–10]. In contrast,
n the second group, patients do not develop parathyroid
lands. This can be the result of mutations in transcription
actors essential for parathyroid development, such as GCM2
11–13]. Third, rare mutations in the PTH gene itself can cause
ncorrect processing and secretion of the hormone, leading to
ypoparathyroidism [14].

Hypoparathyroidism can also be part of a complex genetic
yndrome such as the DiGeorge syndrome (also known as 22q11
eletion syndrome), which is characterized by many deficits
ncluding immunodeficiency and congenital heart defects [15].
he hypoparathyroidism-deafness-renal dysplasia (HDR) syn-
rome is caused by heterozygous mutations in the transcription
actor GATA3 [16,17].

The hypoparathyroidism-retardation-dysmorphism syn-
romes (HRD) include the Kenny-Caffey, Sanjad-Sakati, and
steocraniostenosis syndromes. Mutations in the TCBE gene, a
rotein involved in microtubule assembly, and FAM111A have
een identified in HRD [18].

. Clinical manifestations

Most symptoms and clinical signs of hypoparathyroidism
esult from hypocalcemia. Classic presentations include neuro-
uscular irritability, which involves tingling of fingers and toes,

erioral numbness, muscle cramps, laryngospasm and seizures
1,2]. Symptoms are influenced both by the rate of the fall
f serum calcium and the absolute degree of hypocalcemia.
owever, the clinical presentations vary a lot and while some
atients have few symptoms with stable serum calcium values
ver years, others have erratic serum calcium concentrations,
requent occurrence of tetany, and renal complications.

A thorough history, including family history, often reveals
he likely cause of the disease. Physical exam findings to look
or include a surgical scar on the neck and findings suggestive of
utoimmune disorders (Addison’s disease, vitiligo). A positive
rousseau’s sign is a very sensitive and specific physical find-

ng in hypocalcemia. It is described as a painful carpal spasm
r “main d’accoucheur” after inflating the blood pressure cuff
bove the systolic blood pressure for 3 minutes. Trousseau is
resent in 94% of patients with hypocalcemia and in only 1% of
ersons with normal calcium values [19]. A positive Chvostek
ign, twitching of facial muscles in response to tapping over the
rea of the facial nerve, is less sensitive and specific. It is negative
n 30% of hypocalcemic patients and positive in about 10% of
ormal people [20,21]. It is therefore recommended to check for

he absence of Chvostek’s sign when a patient is normocalcemic
nd without symptoms.

The lack of PTH leads to low bone turnover [22], and
ynamic histomorphometric indices demonstrate diminished
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one formation [23]. Bone density and microarchitecture are
arkedly atypical. Areal bone density, measured by dual-energy

-ray absorptiometry (DEXA), is generally increased, especially
t sites rich in trabecular bone [23,24]. Histomorphometric
nalysis reveals increased trabecular bone density, and 3-
imensional microcomputed tomography of iliac crest biopsies
emonstrates unusual predominance of plate-like trabeculae
23]. Systemic studies of fracture incidence in hypoparathy-
oidism are lacking [25], and the clinical implications of the
bnormal microarchitecture are a subject of debate.

Several other organs can be affected by hypoparathyroidism
s well. In the cardiovascular system, hypocalcemia can lead
o the prolongation of the QT interval on the electrocardio-
ram [26]. Cataracts can form in the eye, with affected patients
redominantly suffering from cortical disease. [27]. Dental
bnormalities such as hypoplastic teeth have been reported as
ell [28]. Patients with hypoparathyroidism often complain
f fatigue, lack of energy, and anxiety. A case-control study
eported higher anxiety scores in hypoparathyroid patients as
ompared to post-thyroidectomy patients without hypoparathy-
oidism [27]. In an uncontrolled study of PTH(1-84) therapy,
aseline quality of life in hypoparathyroid patients was reported
o be diminished compared to normative data [29]. In a cross-
ectional self-reporting study using a web-based questionnaire,
atients reported that they felt unprepared to manage the disease
nd most felt that their physician does not understand the dis-
ase [30]. These results point to an empathy gap and the need
or better education about hypoparathyroidism.

. Conventional therapy

Conventional treatment of chronic hypoparathyroidism
ypically consists of oral active vitamin D (calcitriol or alpha-
alcidol), given once or twice a day, and oral calcium given
everal times a day in an attempt to increase serum calcium
evels. Before the availability of active vitamin D, high dose
rgocalciferol or cholecalciferol treatment was being used as
reatment. Due to the long half-life of these drugs, inadvertent
ypercalcemia can result from high drug levels and can last for
onths, even after discontinuation of the medication, which puts

atients at risk of renal toxicity.
Doses of calcium and active vitamin D needed to achieve

cceptable serum calcium levels vary widely between patients
24]. Calcium and active vitamin D are titrated to balance two
pposing goals: to minimize symptoms of hypocalcemia, while
educing the risk of hypercalciuria. Overtreatment can lead to
ypercalciuria, since the action of PTH to increase renal reab-
orption of calcium is absent. This balance however can be
xtremely difficult to achieve with this non-physiologic therapy.
o achieve the right balance, target calcium levels are typically at

he low-normal range (8.0–8.5 mg/dL). Occasional symptoms of
ypocalcemia, such as mild tingling in fingers while exercising,
an indicate that the patient’s serum calcium is indeed within

arget range.

Hyperphosphatemia is often ameliorated by the above treat-
ent without additional intervention. If it persists, decreasing

hosphate intake, administration of the calcium supplements
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ith meals to bind phosphate, and increasing oral calcium
hile decreasing active vitamin D doses can sometimes be
elpful.

There are no clinical guidelines for the management of
ypoparathyroidism and no consensus on the follow-up of
atients. The frequency of laboratory monitoring depends on
everal factors: we routinely measure serum calcium, albumin,
nd phosphate every 3–6 months, and we measure serum creati-
ine, and 24-hour urinary calcium excretion every 6–12 months.

. Complications

Instead of simply replacing the missing hormone, PTH,
ffected individuals are currently given large amounts of oral
alcium and active vitamin D analogs, treatments which, in addi-
ion to causing large swings in calcium, considerably increase
he risk of renal damage (nephrocalcinosis, nephrolithiasis, and
enal failure). In a study using a large patient registry, we
ound that even at Partners hospitals in Boston, Massachusetts,
bout 50% of patients with hypoparathyroidism suffer from
enal failure or nephrocalcinosis [24]. Other pathological con-
equences include calcifications of basal ganglia in the brain
31].

. Emerging treatments

Hypoparathyroidism was said to be the last classic endocrine
eficiency disorder without approved replacement therapy. Sim-
lar to hypothyroidism (levothyroxine), diabetes (insulin) and
ddison’s disease (cortisol), endocrinologists are used to replac-

ng the missing hormone. Therefore, therapy with PTH for
ypoparathyroidism should be the logical next step.

Conventional treatment with oral calcium and active vita-
in D does not replace the function of PTH. For example,

onventional therapy can worsen hypercalciuria, and does not
orrect low bone turnover and elevated calcium-phosphate
roduct.

Human PTH(1-34), approved for the treatment of severe
steoporosis, has been studied for the use in hypoparathyroidism
32–38]. It is safe and increases serum calcium. Because of its
elatively short half-life, PTH(1-34) is injected twice a day or
iven as a pump. However, no registration trial has been con-
ucted, and PTH(1-34) is not approved for hypoparathyroidism.

By contrast, the full-length recombinant human PTH(1-84)
as been studied in hypoparathyroidism [39–44], and a ran-
omized, placebo-controlled phase 3 clinical trial has been
erformed for the registration of this treatment [45]. In Jan-
ary of 2015, the FDA approved rhPTH(1-84) (Natpara) for the
reatment of hypoparathyroidism.

. Conclusions

Management of hypoparathyroidism can be complex. Serum

alcium can be improved with oral calcium and active vitamin D
et treatment requires a balance between achieving acceptable
erum calcium concentrations and worsening hypercalciuria.
enal complications are often underestimated, and monitoring
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rinary calcium excretion is an integral part of the mana-
ement of hypoparathyroidism. With the recent approval of
hPTH(1-84), replacement therapy is now available and should
ontribute to an improved treatment of hypoparathyroidism.

isclosure of interest

MM is member of a scientific advisory board to NPS Pharma-
euticals. ELM has no conflicts of interest to declare concerning
his article.

eferences

[1] Shoback D. Clinical practice. Hypoparathyroidism. N Engl J Med
2008;359:391–403.

[2] Bilezikian JP, Khan A, Potts Jr JT, et al. Hypoparathyroidism in the
adult: epidemiology, diagnosis, pathophysiology, target-organ involve-
ment, treatment, and challenges for future research. J Bone Miner Res
2011;26:2317–37.

[3] Powers J, Joy K, Ruscio A, Lagast H. Prevalence and incidence of
hypoparathyroidism in the United States using a large claims database.
J Bone Miner Res 2013;28:2570–6.

[4] Hauch A, Al-Qurayshi Z, Randolph G, Kandil E. Total thyroidectomy is
associated with increased risk of complications for low- and high-volume
surgeons. Ann Surg Oncol 2014;21:3844–52.

[5] Kifor O, McElduff A, LeBoff MS, Moore Jr FD, Butters R, Gao
P, et al. Activating antibodies to the calcium-sensing receptor in two
patients with autoimmune hypoparathyroidism. J Clin Endocrinol Metab
2004;89:548–56.

[6] Thakker RV, Jüppner H. Genetic disorders of calcium homeostasis caused
by abnormal regulation of parathyroid hormone secretion or responsive-
ness. Elsevier Saunders; 2006.

[7] Thakker RV. Diseases associated with the extracellular calcium-sensing
receptor. Cell Calcium 2004;35:275–82.

[8] Nesbit MA, Hannan FM, Howles SA, Babinsky VN, Head RA, Cranston
T, et al. Mutations affecting G-protein subunit alpha11 in hypercalcemia
and hypocalcemia. N Engl J Med 2013;368:2476–86.

[9] Mannstadt M, Harris M, Bravenboer B, Chitturi S, Dreijerink KM,
Lambright DG, et al. Germline mutations affecting Galpha11 in
hypoparathyroidism. N Engl J Med 2013;368:2532–4.

10] Li D, Opas EE, Tuluc F, Metzger DL, Hou C, Hakonarson H, et al.
Autosomal dominant hypoparathyroidism caused by germline mutation
in GNA11: phenotypic and molecular characterization. J Clin Endocrinol
Metab 2014;99:E1774–83.

11] Kronenberg HM. GCMB – another serendipitous gift from evolution to
clinical investigators. J Clin Endocrinol Metab 2004;89:6–7.

12] Mannstadt M, Holick E, Zhao W, Juppner H. Mutational analysis of GCMB,
a parathyroid-specific transcription factor, in parathyroid adenoma of pri-
mary hyperparathyroidism. J Endocrinol 2011;210:165–71.

13] Grigorieva IV, Thakker RV. Transcription factors in parathyroid devel-
opment: lessons from hypoparathyroid disorders. Ann N Y Acad Sci
2011;1237:24–38.

14] Mannstadt M, Kronenberg HM. Parathyroid hormone gene. structure,
evoluation, and regulation. The parathyroids. 3rd edn. Elsevier; 2015.

15] Kobrynski LJ, Sullivan KE. Velocardiofacial syndrome. DiGeorge
syndrome: the chromosome 22q11.2 deletion syndromes. Lancet
2007;370:1443–52.

16] Thakker RV. Genetic developments in hypoparathyroidism. Lancet
2001;357:974–6.

17] Nesbit MA, Bowl MR, Harding B, et al. Characterization of GATA3 muta-
tions in the hypoparathyroidism, deafness, and renal dysplasia (HDR)

syndrome. J Biol Chem 2004;279:22624–34.

18] Parvari R, Hershkovitz E, Grossman N, et al. Mutation of TBCE causes
hypoparathyroidism-retardation-dysmorphism and autosomal recessive
Kenny-Caffey syndrome. Nat Genet 2002;32:448–52.

[

Endocrinologie 76 (2015) 84–88 87

19] Schaaf M, Payne CA. Effect of diphenylhydantoin and phenobarbital on
overt and latent tetany. N Engl J Med 1966;274:1228–33.

20] Hoffman E. The Chvostek sign; a clinical study. Am J Surg 1958;96:33–7.
21] Fonseca OA, Calverley JR. Neurological manifestations of hypoparathy-

roidism. Arch Intern Med 1967;120:202–6.
22] Minisola S, Dionisi S, Pacitti MT, et al. Gender differences in serum

markers of bone resorption in healthy subjects and patients with disorders
affecting bone. Osteoporos Int 2002;13:171–5.

23] Rubin MR, Dempster DW, Zhou H, Shane E, Nickolas T, Sliney Jr J, et al.
Dynamic and structural properties of the skeleton in hypoparathyroidism.
J Bone Miner Res 2008;23:2018–24.

24] Mitchell DM, Regan S, Cooley MR, Lauter KB, Vrla MC, Becker CB,
et al. Long-term follow-up of patients with hypoparathyroidism. J Clin
Endocrinol Metab 2012;97:4507–14.

25] Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L. Postsurgical
hypoparathyroidism – risk of fractures, psychiatric diseases, cancer,
cataract, and infections. J Bone Miner Res 2014;29:2504–10.

26] Vered I, Vered Z, Perez JE, Jaffe AS, Whyte MP. Normal left ventricular
performance documented by Doppler echocardiography in patients with
long-standing hypocalcemia. Am J Med 1989;86:413–6.

27] Arlt W, Fremerey C, Callies F, Reincke M, Schneider P, Timmermann
W, et al. Well-being, mood and calcium homeostasis in patients with
hypoparathyroidism receiving standard treatment with calcium and vitamin
D. Eur J Endocrinol 2002;146:215–22.

28] Nikiforuk G, Fraser D, Poyton HG, McKendry JB. Calcific bridging of
dental pulp caused by iatrogenic hypercalcemia. Report of a case. Oral
Surg Oral Med Oral Pathol 1981;51:317–9.

29] Cusano NE, Rubin MR, McMahon DJ, Irani D, Tulley A, Sliney Jr J, et al.
The Effect of PTH(1-84) on quality of life in hypoparathyroidism. J Clin
Endocrinol Metab 2013;98:2356–61.

30] Hadker N, Egan J, Sanders J, Lagast H, Clarke BL. Understanding the bur-
den of illness associated with hypoparathyroidism reported among patients
in the paradox study. Endocr Pract 2014;20:671–9.

31] Goswami R, Sharma R, Sreenivas V, Gupta N, Ganapathy A, Das
S. Prevalence and progression of basal ganglia calcification and its
pathogenic mechanism in patients with idiopathic hypoparathyroidism.
Clin Endocrinol (Oxf) 2012;77:200–6.

32] Winer KK, Ko CW, Reynolds JC, Dowdy K, Keil M, Peterson D, et al. Long-
term treatment of hypoparathyroidism: a randomized controlled study
comparing parathyroid hormone-(1-34) versus calcitriol and calcium. J
Clin Endocrinol Metab 2003;88:4214–20.

33] Winer KK, Sinaii N, Peterson D, Sainz Jr B, Cutler Jr GB. Effects of
once versus twice-daily parathyroid hormone 1-34 therapy in children with
hypoparathyroidism. J Clin Endocrinol Metab 2008;93:3389–95.

34] Winer KK, Sinaii N, Reynolds J, Peterson D, Dowdy K, Cutler Jr GB.
Long-term treatment of 12 children with chronic hypoparathyroidism:
a randomized trial comparing synthetic human parathyroid hormone 1-
34 versus calcitriol and calcium. J Clin Endocrinol Metab 2010;95:
2680–8.

35] Winer KK, Yanovski JA, Cutler Jr GB. Synthetic human parathyroid hor-
mone 1-34 vs calcitriol and calcium in the treatment of hypoparathyroidism.
JAMA 1996;276:631–6.

36] Winer KK, Yanovski JA, Sarani B, Cutler Jr GB. A randomized, cross-
over trial of once-daily versus twice-daily parathyroid hormone 1-34
in treatment of hypoparathyroidism. J Clin Endocrinol Metab 1998;83:
3480–6.

37] Winer KK, Zhang B, Shrader JA, Peterson D, Smith M, Albert PS, et al.
Synthetic human parathyroid hormone 1-34 replacement therapy: a ran-
domized crossover trial comparing pump versus injections in the treatment
of chronic hypoparathyroidism. J Clin Endocrinol Metab 2012;97:391–9.

38] Linglart A, Rothenbuhler A, Gueorgieva I, Lucchini P, Silve C, Bougneres
P. Long-term results of continuous subcutaneous recombinant PTH (1-34)
infusion in children with refractory hypoparathyroidism. J Clin Endocrinol
Metab 2011;96:3308–12.
39] Sikjaer T, Amstrup AK, Rolighed L, Kjaer SG, Mosekilde L, Rejnmark
L. PTH (1-84) replacement therapy in hypoparathyroidism: a randomized
controlled trial on pharmacokinetic and dynamic effects following 6 months
of treatment. J Bone Miner Res 2013;28:2232–43.



8 les d’

[

[

[

[

[

[45] Mannstadt M, Clarke BL, Vokes T, et al. Efficacy and safety of recombinant
8 E.L. Monis, M. Mannstadt / Anna

40] Sikjaer T, Rejnmark L, Rolighed L, Heickendorff L, Mosekilde L. The
effect of adding PTH(1-84) to conventional treatment of hypoparathy-
roidism: a randomized, placebo-controlled study. J Bone Miner Res
2011;26:2358–70.

41] Sikjaer T, Rolighed L, Hess A, Fuglsang-Frederiksen A, Mosekilde L,
Reijnmark L. Effects of PTH(1-84) therapy on muscle function and quality
of life in hypoparathyroidism: results from a randomized controlled trial.
Osteoporos Int 2014;25:1717–26.
42] Sikjaer T, Rejnmark L, Thomsen JS, Tietze A, Bruel A, Andersen G,
et al. Changes in 3-dimensional bone structure indices in hypoparathyroid
patients treated with PTH(1-84): a randomized controlled study. J Bone
Miner Res 2012;27:781–8.
Endocrinologie 76 (2015) 84–88

43] Rubin MR, Sliney Jr J, McMahon DJ, Silverberg SJ, Bilezikian JP. Therapy
of hypoparathyroidism with intact parathyroid hormone. Osteoporos Int
2010;21:1927–34.

44] Cusano NE, Rubin MR, McMahon DJ, Zhang C, Ives R, Tulley A,
et al. Therapy of hypoparathyroidism with PTH(1-84): a prospective
four-year investigation of efficacy and safety. J Clin Endocrinol Metab
2013;98:137–44.
human parathyroid hormone (1-84) in hypoparathyroidism (REPLACE): a
double-blind, placebo-controlled, randomised, phase 3 study. Lancet Dia-
betes Endocrinol 2013;1:275–83.


	Hypoparathyroidism-disease update and emerging treatments
	1 Introduction
	2 Etiology of hypoparathyroidism
	2.1 Postsurgical
	2.2 Medical

	3 Clinical manifestations
	4 Conventional therapy
	5 Complications
	6 Emerging treatments
	7 Conclusions
	Disclosure of interest
	References


