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Abstract
Hypoparathyroidism is a rare endocrine disorder which leads to
hypocalcemia, hypercalciuria, and hyperphosphatemia. Complications
include nephrocalcinosis with renal dysfunction, reduced quality of life, and
abnormal skeletal properties. Conventional therapy with calcium and
vitamin D analogs addresses hypocalcemia but has important limitations.
Parathyroid hormone (PTH) therapy is a fundamental advance, although
the effects of PTH on long-term complications require additional testing.
Continuous PTH therapy is likely to be particularly advantageous for
addressing renal, quality of life, and skeletal complications. Overall, much
progress has been made, yet more information is needed to improve our
understanding and management of hypoparathyroidism.
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Introduction
Hypoparathyroidism is a rare endocrine disorder in which the 
production of parathyroid hormone (PTH) by the parathyroid 
gland is absent or inappropriately low1,2. The prevalence of 
hypoparathyroidism in the United States and Europe is estimated 
at 23–37 per 100,000 individuals3,4. The most common cause of 
hypoparathyroidism is damage to or removal of the parathyroid 
glands during neck surgery, accounting for approximately 75% 
of cases2,4. Autoimmunity targeting the parathyroid gland and, 
rarely, genetic disorders can also lead to hypoparathyroidism1,5. 
DiGeorge syndrome, the most common genetic cause, is asso-
ciated with a microdeletion in chromosome 22q11.2 and par-
athyroid hypoplasia6,7. Other genetic causes include autosomal  
dominant hypocalcemia (ADH), in which an activating muta-
tion of the calcium-sensing receptor (CaSR) decreases its  
set-point8, and autoimmune polyendocrine syndrome type 1, in 
which a mutation in the autoimmune regulator gene (AIRE) leads  
to destruction of the parathyroids and other endocrine glands9.

PTH plays a fundamental role in mineral homeostasis by 
promoting renal reabsorption of calcium and stimulating renal 
phosphate excretion. It also promotes conversion of 25-hydroxy-
vitamin D to 1,25-dihydroxyvitamin D (1,25[OH]

2
D), the active 

form of vitamin D, which increases the absorption of calcium 
and phosphate from the gastrointestinal tract. Moreover, PTH is 
a powerful regulator of bone turnover, such that PTH deficiency 
leads to decreased bone turnover. Thus, patients with hypopar-
athyroidism experience hypocalcemia, hyperphosphatemia, 
hypercalciuria, reduced levels of 1,25[OH]

2
D, and abnormally  

low bone turnover, resulting in overly mineralized bone1,2,10,11.

The diagnosis of hypoparathyroidism requires confirmed hypoc-
alcemia in the presence of undetectable or inappropriately low 
levels of endogenous PTH and the absence of hypomagnesemia, 
the latter condition being a reversible cause of hypoparathy-
roidism; other potentially reversible causes include iron or 
copper overload and autoimmune causes1. Hypocalcemia typi-
cally manifests as perioral numbness, paresthesias, neurocognitive 
deficits, weakness, and carpopedal muscle spasms, although poten-
tially life-threatening complications, such as cardiac arrhythmias, 
laryngeal spasm, tetany, and seizures, can also occur1,2,12,13.

Conventional therapy
Conventional management of hypoparathyroidism consists 
of oral calcium (e.g. calcium carbonate or citrate) and active  
vitamin D treatments (e.g. calcitriol), as well as thiazide diu-
retics to increase calcium reabsorption at the distal tubule, and 
magnesium supplementation as needed. The goal is to main-
tain serum calcium levels just below or within the lower nor-
mal range.  Additional goals include preserving a normal level 
of serum phosphate, preventing an elevation of the serum  
calcium-phosphorus product, minimizing hypercalciuria, and 
avoiding kidney stones and mineralization of soft tissues.

Although conventional therapy increases intestinal calcium 
absorption and corrects hypocalcemia, it does not replace 
other functions of PTH and, in the absence of PTH’s calcium- 
retaining effect in the kidney, can lead to hypercalciuria1,2,10,14–16. 
Other limitations of conventional therapy include unpredictable 

occurrences of hypocalcemia and hypercalcemia, increased cal-
cium-phosphorus product, and long-term complications such 
as ectopic calcifications, nephrocalcinosis, nephrolithiasis, and 
renal dysfunction1,2,10,14–16. Symptoms of hypocalcemia and reduced 
quality of life (QoL) are common among patients managed 
with conventional treatment17–20.

PTH therapy
Treatment of hypoparathyroidism with intermittent PTH 
injections has been an important advance. Studies by Winer 
et al. with PTH(1-34) showed that subcutaneous injection 
could maintain normocalcemia in hypoparathyroid adults21 and 
children22 as well as calcitriol for as long as 3 years23,24 and that 
twice-daily dosing reduced the total amount of PTH required25. 
Recombinant human PTH [rhPTH(1-84)] is full-length PTH 
that was approved in the United States in 2015 as a once-daily  
subcutaneous administration as an adjunctive treatment of adults 
with hypoparathyroidism who could not be well controlled on 
conventional therapy alone26. Safety and efficacy were demon-
strated in placebo-controlled and open-label studies27–30. In the 
pivotal REPLACE study, a 24-week, double-blind, placebo- 
controlled, randomized phase III study conducted with 134 patients, 
53% of patients receiving rhPTH(1-84) versus 2% of patients 
receiving placebo met the primary study end point (≥50% reduc-
tion in calcium and calcitriol doses with maintenance of normal 
serum calcium)28.

Renal complications
Without the renal calcium-retaining effects of PTH, conven-
tional therapy often leads to elevated urinary calcium excretion 
and long-term renal complications, including nephrocalcinosis, 
nephrolithiasis, and, consequently, the development of chronic 
kidney disease15,16. In a case-control study, using the Danish 
National Patient Registry, Underbjerg and colleagues found 
decreased eGFR (<60 mL/minute) in 21% of hypoparathyroid 
(n = 431, mostly postsurgical) patients31. This increased risk of 
renal disease was significantly associated with a higher number 
of hypercalcemic episodes and a higher calcium-phosphate 
product31. An even higher rate of kidney disease was shown in 
a retrospective chart review of 120 mostly postsurgical hypopar-
athyroid patients at a tertiary care center15. This report showed 
two- to 17-fold greater rates of developing chronic kidney 
disease (stage 3–5) than age-appropriate adjusted rates, with 41% 
of hypoparathyroid patients having chronic kidney disease15. 
Specific risk factors for a lower eGFR included age, duration of  
disease, and proportion of time with relative hypercalcemia15. 
Nonsurgical hypoparathyroid patients were also shown to expe-
rience renal disease, with 14% out of 165 patients having an 
eGFR <60 mL/minute; a younger age at presentation and a 
higher serum calcium-phosphorus product increased the risk for 
nephrocalcinosis32. Taken together, these studies show that renal 
disease is a frequent consequence of hypoparathyroidism and 
is likely mediated by exposure to hypercalcemia and abnormal 
calcium-phosphate homeostasis. It is unknown whether reduc-
ing serum phosphate levels, either by diet or phosphate binders, 
minimizes renal complications.

PTH treatment, by increasing renal calcium reabsorption, 
would be expected to decrease urinary calcium excretion in 
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hypoparathyroidism. Disappointingly, this effect has not been 
demonstrated in a RCT. In the REPLACE study, in both 
rhPTH(1-84) and placebo groups, urinary calcium excretion 
declined from baseline, but, at week 24 in both groups, the mean 
urinary calcium excretion remained above the upper limit of nor-
mal for women and near the upper limit of normal for men28. 
However, the rhPTH(1-84) group had significant reductions in 
serum phosphate and the serum calcium-phosphate product 
throughout the study compared with patients receiving placebo33.

In the 60-month open-label extension of REPLACE (n = 40), the 
mean urinary calcium level declined into the normal range for 
men and women30. The serum phosphate and calcium-phosphate 
product also declined, while serum calcium, creatinine, and 
eGFR remained unchanged30. Similar beneficial effects on urinary  
calcium excretion were seen in the other long-term open-label 
study of rhPTH(1-84), in which urinary calcium excretion declined 
significantly over 8 years27. In that study, serum phosphate 
and the calcium-phosphate product did not decrease but remained 
within the normal range, as did eGFR. Overall, these long-term 
uncontrolled studies suggest that urinary calcium excretion 
and serum phosphate levels remain decreased with prolonged 
rhPTH(1-84) therapy. Intuitively, reduced urinary calcium excre-
tion would be expected to decrease the risk of renal dysfunc-
tion in hypoparathyroid patients; rigorously controlled clinical 
trials are required to validate this hypothesis.

Quality of life complications
Hypoparathyroid patients typically suffer from symptoms related 
to increased neuromuscular excitability, such as parasthesias 
and carpopedal spasm. In addition, hypoparathyroid patients often 
describe neurocognitive complaints, including anxiety, depres-
sion, fatigue, and various cognitive deficits13,18,34,35. They have 
lower QoL scores, using validated tools, mostly the Short Form 
Health Survey 36 (SF-36), a self-administered 36-item question-
naire, compared with reference norms18,19,34,36,37. Both mental 
and physical domains are affected, although the mechanisms 
for the deficits are uncertain. It may be that the physical com-
plaints are attributable to reduced muscle function34, which might 
in turn be associated with fluctuations in serum calcium. The 
mental QoL complaints might be explained by effects of calcium 
on the central nervous system, as supported by findings in pri-
mary hyperparathyroidism of neuropsychological symptoms38. 
Interestingly, QoL seems to be more reduced in patients with 
postsurgical hypoparathyroidism compared with non-surgical 
hypoparathyroidism39. This might be explained by postsurgi-
cal patients also having hypothyroidism39. Alternatively, patients 
with life-long nonsurgical hypoparathyroidism might be less sen-
sitive to changes in their QoL, having never experienced a full 
sense of well-being.

The effects of PTH treatment on QoL are unclear. Anecdo-
tally, patients report marked improvements, but a significant 
favorable effect of PTH-replacement therapy was not shown in 
double-blind randomized trials compared with controls receiv-
ing conventional therapy20,36. In the REPLACE study, SF-36 
scores did not differ between the two treatment arms, 
rhPTH(1-84) versus placebo, at 24 weeks36. One can speculate 

that this negative finding was due to the lack of sustained PTH 
elevations with the frequency of PTH administration used. 
Specifically, once-a-day rhPTH(1-84) injections can cause fluc-
tuations over the 24-hour period40, with an initial rise leading to 
transient hypercalcemia and possible symptoms of nausea, 
poor concentration, and polyuria, followed by a fall in serum 
calcium levels with possible hypocalcemia symptoms.

Open-label uncontrolled data regarding PTH treatment and 
QoL are more positive41. In a long-term open-label study of 
28 hypoparathyroid patients treated with rhPTH(1-84) therapy 
over 8 years, improvement using the SF-36 was observed, partic-
ularly in subjects with impaired SF-36 scores at baseline and in 
those whose requirements for conventional therapy decreased 
substantially19. It is possible that PTH itself, rather than restora-
tion of eucalcemia, may improve QoL. Support for this idea 
includes the observation that PTH can cross the blood–brain 
barrier42 and can stimulate PTH2 receptors that are in the 
brain43. These PTH2 central nervous system receptors have been 
associated with areas involved in the regulation of depression 
and anxiety in animals44,45.

Importantly, a disease-specific questionnaire is not available 
for hypoparathyroidism. Most studies of PTH effects on QoL 
used the SF-36, which is subjective and does not adequately 
measure cognitive deficits, fatigue, physical endurance, or 
muscle strength. A single instrument that can characterize and 
measure the burden of disease experienced by patients with 
hypoparathyroidism is needed. A subjective “Hypoparathyroidism 
Symptom Diary” is being developed and tested46. This is a 
13-item instrument, which assesses symptoms including mus-
cle cramping, tingling and muscle spasms/twitching, fatigue, 
and cognition, as well as anxiety, sadness, and depression, and 
impacts on sleep, ability to exercise, ability to work, and family 
relationships46. The development of a validated tool to assess 
disease burden and efficacy of treatment in hypoparathyroidism 
will be a key advance.

Skeletal complications
Hypoparathyroidism is associated with low bone turnover 
(the process of coupled bone formation and bone resorption), 
which is associated with increased bone mineral density and 
abnormal bone microarchitecture47,48. The reduction in bone for-
mation is demonstrated by the decrease of tetracycline labelling 
in bone biopsies compared with controls49. Notably, fracture 
risk in hypoparathyroidism is uncertain. Case-control studies 
demonstrate no differences in overall hypoparathyroidism frac-
ture rates16,35, while other reports show an increased fracture risk 
at the spine and upper extremities13,15,50.

With rhPTH(1-84) therapy, open-label data show an initial 
large increase in bone turnover markers at 1 year of therapy,  
followed by a new steady state that remains above baseline with 
continued therapy30,51. In an 8-year study of rhPTH(1-84), 
lumbar spine bone mineral density increased in the early years 
and plateaued after 4 years of rhPTH(1-84) while an increase 
in total hip bone mineral density was seen in the later years of 
PTH therapy. Femoral neck bone mineral density remained 
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unchanged throughout the study, while one-third radial bone  
mineral density declined modestly27. The increase at the trabecu-
lar-enriched lumbar spine and the decrease at the cortical 1/3 
radius were reminiscent of the patterns observed with intermittent 
PTH treatment for osteoporosis. Histomorphometric analysis of 
bone biopsies showed that intra-trabecular tunneling was present, 
with increases in cancellous bone volume and trabecular number 
and cortical porosity52, suggesting exuberant stimulation of bone 
remodeling. Fracture data are needed to determine whether bone 
fragility is present in the context of long-term rhPTH(1-84) 
use.

Continuous PTH administration
As noted above, daily administration of rhPTH(1 - 84) did not 
demonstrate a reduction in hypercalciuria compared with con-
ventional therapy in the REPLACE registration RCT28. This 
shortcoming might have been due to the relatively short half-life 
of rhPTH(1 - 84) with daily subcutaneous administration. 
PTH levels are transiently high after injection but then drift 
downwards during the hours preceding the subsequent injection53. 
Without continuous PTH exposure to stimulate renal calcium 
reabsorption, urinary calcium excretion increases.

The benefits of continuous PTH exposure were shown in pump 
studies by Winer and colleagues. Continuous subcutaneous 
infusion of PTH(1 - 34) with an insulin pump to hypoparathy-
roid patients mimicked endogenous PTH secretion more closely 
than intermittent PTH injections54,55. In both hypoparathyroid 
adults and children, the pump delivery method led to normali-
zation of serum calcium, urinary calcium excretion, and bone 
remodeling as measured by bone turnover markers. Moreover, serum 
phosphate levels normalized in adult hypoparathyroid patients 
after continuous subcutaneous infusion of PTH(1 - 34), although 
not in hypoparathyroid children. Magnesium levels improved sig-
nificantly in adults and children. Notably, continuous infusion of 
PTH(1 - 34) was superior by all measures compared with a twice-
daily subcutaneous dosing regimen with PTH(1-34), despite a 
>60% lower daily dose of PTH with infusion54,55. These studies 
suggest that continuous exposure to PTH provides a highly 
physiologic effect to reverse the biochemical derangements 
that are a hallmark of hypoparathyroidism.

An important gap in the management of hypoparathyroid patients 
is the lack of a technology to continuously monitor endog-
enous calcium levels. Given that calcium fluctuations can be 
triggered by exercise, general illness, or unpredictable causes1, 
hypoparathyroid patients would benefit from knowing their  
calcemic variability in real time, giving them a chance to adjust 
their treatment individually and dynamically. A device for moni-
toring calcium to allow for dose adjustments in response to 
fluctuations in blood calcium would facilitate such titration. Such 
a continuous calcium sensor in combination with PTH delivery 
by a pump device could constitute a transformative closed-loop 
“artificial parathyroid” system for hypoparathyroid patients.

Current and future therapies
rhPTH(1-84), or Natpara, was recalled in the United States in 
September 2019 owing to a potential problem: over the course 

of treatment, the rubber septum of the Natpara cartridge is punc-
tured by a needle to obtain the daily dosage, and when this occurs 
repeatedly, there is a possibility that small rubber particles may 
detach from the septum into the cartridge56. A “Special Use  
Program” is available to patients previously prescribed Natpara 
who are at extreme risk of life-threatening complications as a 
result of discontinuation of treatment. This program requires that 
product usage be limited to a single dose per cartridge, instead 
of 14 doses per cartridge, to minimize the potential of particle 
formation caused by repeat punctures56. Importantly, PTH cessa-
tion can lead to rebound hypocalcemia, likely due to the reversal 
of the enlarged remodeling space favoring bone formation as the 
skeleton returns to a low turnover state57.

Off-label use of teriparatide (rhPTH[1-34]) has been used in 
hypoparathyroid patients. Although it is not FDA-approved 
for the treatment of hypoparathyroidism, there is experience 
with its use in clinical trials21–25. Individualized dosing, admin-
istered as twice-daily or even thrice-daily injections, might be  
necessary because of the relatively short effect of teriparatide to 
raise serum calcium levels58.

A potential new therapy is TransCon PTH, an inactive prodrug 
of PTH(1-34) that is designed to achieve an infusion-like pro-
file by liberating active PTH in a sustained fashion59. PTH(1-34) 
is transiently bound via a linker to a chemically inert carrier that 
shields PTH from binding to the PTH type 1 receptor (PTHR1) 
and prolongs the peptide’s circulation half-life due to reduced 
renal clearance59. In euparathyroid and hypoparathyroid rats 
and in euparathyroid monkeys, it led to steady concentrations of 
PTH within the normal range, with persistent increases in serum 
calcium and decreases in serum phosphate levels59. The results 
of a phase I trial with TransCon PTH in healthy volunteers 
demonstrated a markedly prolonged half-life of free PTH of  
~60 hours60. Notably, a net increase in bone resorption with 
TransCon PTH administration has been observed59. Although 
this could theoretically lead to a primary hyperparathyroidism-
like profile, increased resorption could have a salutary effect 
to decrease the high bone mineral density and increase the low 
bone turnover rate of hypoparathyroidism. A phase II trial with  
TransCon PTH is on-going.

An additional potential therapy is PCO371, a novel orally 
active compound that acts as an agonist of PTHR161. In a series 
of in vitro and in vivo experiments, Tamura et al. demonstrated 
that oral PCO371 has similar biochemical and renal effects 
as PTH injections, particularly in hypoparathyroid rats, restor-
ing serum calcium levels and lowering serum phosphate levels 
without increasing urinary calcium excretion61. Although it was 
less potent than human PTH (hPTH)(1-34) in vitro, the in vivo 
effects were more long-lasting than those of hPTH(1-34) and 
hPTH(1-84), consistent with greater bioavailability. PCO371 is 
currently undergoing clinical testing. If effective, this oral PTH 
analogue could overcome concerns about injectable use and 
be a future treatment option for hypoparathyroid patients.

A further creative approach may be a long-acting analogue of 
PTH (LA-PTH). This modified peptide mediates prolonged 
and enhanced effects to increase blood calcium levels in 
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hypoparathyroid rats as compared to PTH(1-34) and 
PTH(1-84)62,63. The prolonged signaling action appears to involve 
a mechanism of pseudo-irreversible binding to a distinct PTHR1 
conformation (R0), which maintains high affinity for the ligand 
through multiple rounds of G protein coupling64. The biological 
actions of LA-PTH in humans remain to be investigated.

Conclusion
Our knowledge of hypoparathyroidism has increased over 
the past few decades, yet unresolved questions remain. It is 

unknown whether the long-term complications of hypoparathy-
roidism can be prevented or reversed. Moreover, key tools are 
lacking, such as a validated disease-specific tool to measure 
QoL and a continuous calcium sensor to enable real-time dose 
titration. PTH therapy is likely to be most effective when admin-
istered in a physiologic manner that minimizes serum and uri-
nary calcium fluctuations, yet large and long-term studies testing 
continuous PTH exposure are lacking. Answers to these and 
other key questions will ultimately improve our understanding and 
management of this rare disease.

References Faculty Opinions Recommended

1.	 Shoback	D:	Clinical practice. Hypoparathyroidism.	N Engl J Med.	2008;	359(4):	
391–403.		
PubMed Abstract |	Publisher Full Text 

2.	 Bilezikian	JP,	Khan	A,	Potts	JT	Jr,	et al.:	Hypoparathyroidism in the adult: 
Epidemiology, diagnosis, pathophysiology, target-organ involvement, 
treatment, and challenges for future research.	J Bone Miner Res.	2011;	26(10):	
2317–37.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

3.	 Clarke	BL,	Brown	EM,	Collins	MT,	et al.:	Epidemiology and Diagnosis of 
Hypoparathyroidism.	J Clin Endocrinol Metab.	2016;	101(6):	2284–99.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

4.	 Powers	J,	Joy	K,	Ruscio	A,	et al.:	Prevalence and Incidence of 
Hypoparathyroidism in the United States Using a Large Claims Database.		
J Bone Miner Res.	2013;	28(12):	2570–6.		
PubMed Abstract |	Publisher Full Text 

5.	 Marx	SJ:	Hyperparathyroid and hypoparathyroid disorders.	N Engl J Med.	2000;	
343(25):	1863–75.		
PubMed Abstract |	Publisher Full Text 

6.	 Weinzimer	SA:	Endocrine aspects of the 22q11.2 deletion syndrome.	Genet 
Med.	2001;	3(1):	19–22.		
PubMed Abstract |	Publisher Full Text 

7.	 Kobrynski	LJ,	Sullivan	KE:	Velocardiofacial syndrome, DiGeorge syndrome: The 
chromosome 22q11.2 deletion syndromes.	Lancet.	2007;	370(9596):	1443–52.		
PubMed Abstract |	Publisher Full Text 

8.	 Hannan	FM,	Babinsky	VN,	Thakker	RV:	Disorders of the calcium-sensing 
receptor and partner proteins: Insights into the molecular basis of calcium 
homeostasis.	J Mol Endocrinol.	2016;	57(3):	R127–42.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

9.	 Guo	CJ,	Leung	PSC,	Zhang	W,	et al.:	The immunobiology and clinical features 
of type 1 autoimmune polyglandular syndrome (APS-1).	Autoimmun Rev.	2018;	
17(1):	78–85.		
PubMed Abstract |	Publisher Full Text 

10.	 Brandi	ML,	Bilezikian	JP,	Shoback	D,	et al.:	Management of Hypoparathyroidism: 
Summary Statement and Guidelines.	J Clin Endocrinol Metab.	2016;	101(6):	
2273–83.		
PubMed Abstract |	Publisher Full Text 

11.	 Shoback	DM,	Bilezikian	JP,	Costa	AG,	et al.:	Presentation of 
Hypoparathyroidism: Etiologies and Clinical Features.	J Clin Endocrinol Metab.	
2016;	101(6):	2300–12.		
PubMed Abstract |	Publisher Full Text 

12.	 Abate	EG,	Clarke	BL:	Review of Hypoparathyroidism.	Front Endocrinol 
(Lausanne).	2016;	7:	172.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

13.	 Underbjerg	L,	Sikjaer	T,	Mosekilde	L,	et al.:	Postsurgical hypoparathyroidism--
risk of fractures, psychiatric diseases, cancer, cataract, and infections.	J Bone 
Miner Res.	2014;	29(11):	2504–10.		
PubMed Abstract |	Publisher Full Text 

14.	 Bilezikian	JP,	Brandi	ML,	Cusano	NE,	et al.:	Management of Hypoparathyroidism: 
Present and Future.	J Clin Endocrinol Metab.	2016;	101(6):	2313–24.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

15.	 Mitchell	DM,	Regan	S,	Cooley	MR,	et al.:	Long-Term Follow-Up of Patients with 
Hypoparathyroidism.	J Clin Endocrinol Metab.	2012;	97(12):	4507–14.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

16.	 Underbjerg	L,	Sikjaer	T,	Mosekilde	L,	et al.:	Cardiovascular and renal 
complications to postsurgical hypoparathyroidism: A Danish nationwide 
controlled historic follow-up study.	J Bone Miner Res.	2013;	28(11):	2277–85.		
PubMed Abstract |	Publisher Full Text 

17.	 Astor	MC,	Løvås	K,	Debowska	A,	et al.:	Epidemiology and Health-Related 
Quality of Life in Hypoparathyroidism in Norway.	J Clin Endocrinol Metab.	2016;	
101(8):	3045–53.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

18.	 	Arlt	W,	Fremerey	C,	Callies	F,	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(2):	215–22.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

19.	 Tabacco	G,	Tay	Y-KD,	Cusano	NE,	et al.:	Quality of Life in Hypoparathyroidism 
Improves with rhPTH(1-84) Throughout 8 Years of Therapy.	J Clin Endocrinol 
Metab.	2019;	104(7):	2748–2756.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

20.	 Sikjaer	T,	Rolighed	L,	Hess	A,	et al.:	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(6):	1717–26.		
PubMed Abstract |	Publisher Full Text 

21.	 Winer	KK,	Yanovski	JA,	Cutler	Jr	GB:	Synthetic human parathyroid hormone 
1–34 vs calcitriol and calcium in the treatment of hypoparathyroidism.	JAMA.	
1996;	276(8):	631–6.		
PubMed Abstract |	Publisher Full Text 

22.	 	Winer	KK,	Sinaii	N,	Peterson	D,	et al.:	Effects of once versus twice-daily 
parathyroid hormone 1–34 therapy in children with hypoparathyroidism.	J Clin 
Endocrinol Metab.	2008;	93(9):	3389–95.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

23.	 Winer	KK,	Ko	CW,	Reynolds	JC,	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(9):	4214–20.		
PubMed Abstract |	Publisher Full Text 

24.	 	Winer	KK,	Sinaii	N,	Reynolds	J,	et al.:	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(6):	2680–8.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

25.	 Winer	KK,	Yanovski	JA,	Sarani	B,	et al.:	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(10):	3480–6.		
PubMed Abstract |	Publisher Full Text 

26.	 FDA:	Natpara package insert 2015	.	2015.		
Reference Source

27.	 Tay	YKD,	Tabacco	G,	Cusano	NE,	et al.:	Therapy of Hypoparathyroidism With 
rhPTH(1–84): A Prospective, 8-Year Investigation of Efficacy and Safety.	J Clin 
Endocrinol Metab.	2019;	104(11):	5601–10.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

28.	 Mannstadt	M,	Clarke	BL,	Vokes	T,	et al.:	Efficacy and safety of recombinant 
human parathyroid hormone (1–84) in hypoparathyroidism (REPLACE): A 
double-blind, placebo-controlled, randomised, phase 3 study.	Lancet Diabetes 
Endocrinol.	2013;	1(4):	275–83.		
PubMed Abstract |	Publisher Full Text 

29.	 Sikjaer	T,	Rejnmark	L,	Rolighed	L,	et al.:	The effect of adding PTH(1–84) to 
conventional treatment of hypoparathyroidism: A randomized, placebo-
controlled study.	J Bone Miner Res.	2011;	26(10):	2358–70.		
PubMed Abstract |	Publisher Full Text 

30.	 	Mannstadt	M,	Clarke	BL,	Bilezikian	JP,	et al.:	Safety and Efficacy of 5 Years 

Page 6 of 8

F1000Research 2020, 9(Faculty Rev):766 Last updated: 23 JUL 2020

http://www.ncbi.nlm.nih.gov/pubmed/18650515
http://dx.doi.org/10.1056/NEJMcp0803050
http://www.ncbi.nlm.nih.gov/pubmed/21812031
http://dx.doi.org/10.1002/jbmr.483
http://www.ncbi.nlm.nih.gov/pmc/articles/3405491
http://www.ncbi.nlm.nih.gov/pubmed/26943720
http://dx.doi.org/10.1210/jc.2015-3908
http://www.ncbi.nlm.nih.gov/pmc/articles/5393595
http://www.ncbi.nlm.nih.gov/pubmed/23737456
http://dx.doi.org/10.1002/jbmr.2004
http://www.ncbi.nlm.nih.gov/pubmed/11117980
http://dx.doi.org/10.1056/NEJM200012213432508
http://www.ncbi.nlm.nih.gov/pubmed/11339371
http://dx.doi.org/10.1097/00125817-200101000-00005
http://www.ncbi.nlm.nih.gov/pubmed/17950858
http://dx.doi.org/ 10.1016/S0140-6736(07)61601-8
http://www.ncbi.nlm.nih.gov/pubmed/27647839
http://dx.doi.org/10.1530/JME-16-0124
http://www.ncbi.nlm.nih.gov/pmc/articles/5064759
http://www.ncbi.nlm.nih.gov/pubmed/29108822
http://dx.doi.org/10.1016/j.autrev.2017.11.012
http://www.ncbi.nlm.nih.gov/pubmed/26943719
http://dx.doi.org/10.1210/jc.2015-3907
http://www.ncbi.nlm.nih.gov/pubmed/26943721
http://dx.doi.org/10.1210/jc.2015-3909
http://www.ncbi.nlm.nih.gov/pubmed/28138323
http://dx.doi.org/10.3389/fendo.2016.00172
http://www.ncbi.nlm.nih.gov/pmc/articles/5237638
http://www.ncbi.nlm.nih.gov/pubmed/24806578
http://dx.doi.org/10.1002/jbmr.2273
http://www.ncbi.nlm.nih.gov/pubmed/26938200
http://dx.doi.org/10.1210/jc.2015-3910
http://www.ncbi.nlm.nih.gov/pmc/articles/5393596
http://www.ncbi.nlm.nih.gov/pubmed/23043192
http://dx.doi.org/10.1210/jc.2012-1808
http://www.ncbi.nlm.nih.gov/pmc/articles/3513540
http://www.ncbi.nlm.nih.gov/pubmed/23661265
http://dx.doi.org/10.1002/jbmr.1979
http://www.ncbi.nlm.nih.gov/pubmed/27186861
http://dx.doi.org/10.1210/jc.2016-1477
http://www.ncbi.nlm.nih.gov/pmc/articles/4971340
https://facultyopinions.com/prime/717954440
http://www.ncbi.nlm.nih.gov/pubmed/11834431
http://dx.doi.org/10.1530/eje.0.1460215
https://facultyopinions.com/prime/717954440
http://www.ncbi.nlm.nih.gov/pubmed/30776291
http://dx.doi.org/10.1210/jc.2018-02430
http://www.ncbi.nlm.nih.gov/pmc/articles/6530656
http://www.ncbi.nlm.nih.gov/pubmed/24687385
http://dx.doi.org/10.1007/s00198-014-2677-6
http://www.ncbi.nlm.nih.gov/pubmed/8773636
http://dx.doi.org/10.1001/jama.1996.03540080053029
https://facultyopinions.com/prime/1116383
http://www.ncbi.nlm.nih.gov/pubmed/18492754
http://dx.doi.org/10.1210/jc.2007-2552
http://www.ncbi.nlm.nih.gov/pmc/articles/2567852
https://facultyopinions.com/prime/1116383
https://facultyopinions.com/prime/1116383
http://www.ncbi.nlm.nih.gov/pubmed/12970289
http://dx.doi.org/10.1210/jc.2002-021736
https://facultyopinions.com/prime/3231958
http://www.ncbi.nlm.nih.gov/pubmed/20392870
http://dx.doi.org/10.1210/jc.2009-2464
http://www.ncbi.nlm.nih.gov/pmc/articles/2902068
https://facultyopinions.com/prime/3231958
http://www.ncbi.nlm.nih.gov/pubmed/9768650
http://dx.doi.org/10.1210/jcem.83.10.5185
http://www.fda.gov/Drugs/InformationOnDrugs/ucm435518.htm
http://www.ncbi.nlm.nih.gov/pubmed/31310310
http://dx.doi.org/10.1210/jc.2019-00893
http://www.ncbi.nlm.nih.gov/pmc/articles/6977408
http://www.ncbi.nlm.nih.gov/pubmed/24622413
http://dx.doi.org/10.1016/S2213-8587(13)70106-2
http://www.ncbi.nlm.nih.gov/pubmed/21773992
http://dx.doi.org/10.1002/jbmr.470
https://facultyopinions.com/prime/736322841


of Treatment With Recombinant Human Parathyroid Hormone in Adults With 
Hypoparathyroidism.	J Clin Endocrinol Metab.	2019;	104(11):	5136–47.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

31.	 	Underbjerg	L,	Sikjaer	T,	Rejnmark	L:	Long-Term Complications in Patients 
With Hypoparathyroidism Evaluated by Biochemical Findings: A Case-Control 
Study.	J Bone Miner Res.	2018;	33(5):	822–31.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

32.	 	Saha	S,	Kandasamy	D,	Sharma	R,	et al.:	Nephrocalcinosis, Renal 
Dysfunction, and Calculi in Patients With Primary Hypoparathyroidism on 
Long-Term Conventional Therapy.	J Clin Endocrinol Metab.	2020;	105(4):	dgz319.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

33.	 	Clarke	BL,	Vokes	TJ,	Bilezikian	JP,	et al.:	Effects of parathyroid hormone 
rhPTH(1-84) on phosphate homeostasis and vitamin D metabolism in 
hypoparathyroidism: REPLACE phase 3 study.	Endocrine.	2017;	55(1):	273–82.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

34.	 Sikjaer	T,	Moser	E,	Rolighed	L,	et al.:	Concurrent Hypoparathyroidism 
Is Associated With Impaired Physical Function and Quality of Life in 
Hypothyroidism.	J Bone Miner Res.	2016;	31(7):	1440–8.		
PubMed Abstract |	Publisher Full Text 

35.	 Underbjerg	L,	Sikjaer	T,	Mosekilde	L,	et al.:	The Epidemiology of Nonsurgical 
Hypoparathyroidism in Denmark: A Nationwide Case Finding Study.	J Bone 
Miner Res.	2015;	30(9):	1738–44.		
PubMed Abstract |	Publisher Full Text 

36.	 	Vokes	TJ,	Mannstadt	M,	Levine	MA,	et al.:	Recombinant Human Parathyroid 
Hormone Effect on Health-Related Quality of Life in Adults With Chronic 
Hypoparathyroidism.	J Clin Endocrinol Metab.	2018;	103(2):	722–31.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

37.	 	Palermo	A,	Santonati	A,	Tabacco	G,	et al.:	PTH(1-34) for Surgical 
Hypoparathyroidism: A 2-Year Prospective, Open-Label Investigation of 
Efficacy and Quality of Life.	J Clin Endocrinol Metab.	2018;	103(1):	271–80.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

38.	 Walker	MD,	McMahon	DJ,	Inabnet	WB,	et al.:	Neuropsychological Features in 
Primary Hyperparathyroidism: A Prospective Study.	J Clin Endocrinol Metab.	
2009;	94(6):	1951–8.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

39.	 	Büttner	M,	Musholt	TJ,	Singer	S:	Quality of life in patients with 
hypoparathyroidism receiving standard treatment: A systematic review.	
Endocrine.	2017;	58(1):	14–20.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

40.	 Sikjaer	T,	Amstrup	AK,	Rolighed	L,	et al.:	PTH(1-84) replacement therapy in 
hypoparathyroidism: A randomized controlled trial on pharmacokinetic and 
dynamic effects after 6 months of treatment.	J Bone Miner Res.	2013;	28(10):	
2232–43.		
PubMed Abstract |	Publisher Full Text 

41.	 Cusano	NE,	Rubin	MR,	McMahon	DJ,	et al.:	PTH(1-84) is associated with 
improved quality of life in hypoparathyroidism through 5 years of therapy.		
J Clin Endocrinol Metab.	2014;	99(10):	3694–9.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

42.	 Balabanov	S,	Töllner	U,	Richter	HP,	et al.:	Immunoreactive parathyroid hormone, 
calcium, and magnesium in human cerebrospinal fluid.	Acta Endocrinol 
(Copenh).	1984;	106(2):	227–33.		
PubMed Abstract |	Publisher Full Text 

43.	 Usdin	TB,	Gruber	C,	Bonner	TI:	Identification and Functional Expression of a 
Receptor Selectively Recognizing Parathyroid Hormone, the PTH2 Receptor.		
J Biol Chem.	1995;	270(26):	15455–8.		
PubMed Abstract |	Publisher Full Text 

44.	 Gellén	B,	Zelena	D,	Usdin	TB,	et al.:	The parathyroid hormone 2 receptor 
participates in physiological and behavioral alterations of mother mice.	Physiol 
Behav.	2017;	181:	51–8.		
PubMed Abstract |	Publisher Full Text 

45.	 Bagó	AG,	Dimitrov	E,	Saunders	R,	et al.:	Parathyroid hormone 2 receptor 
and its endogenous ligand tuberoinfundibular peptide of 39 residues are 
concentrated in endocrine, viscerosensory and auditory brain regions in 
macaque and human.	Neuroscience.	2009;	162(1):	128–47.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

46.	 Coles	T,	Chen	K,	Nelson	L,	et al.:	Psychometric evaluation of the 
hypoparathyroidism symptom diary.	Patient Relat Outcome Meas.	2019;	10:	25–36.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

47.	 	Rubin	MR,	Dempster	DW,	Zhou	H,	et al.:	Dynamic and structural properties 
of the skeleton in hypoparathyroidism.	J Bone Miner Res.	2008;	23(12):		
2018–24.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

48.	 Rubin	MR,	Dempster	DW,	Kohler	T,	et al.:	Three dimensional cancellous bone 
structure in hypoparathyroidism.	Bone.	2010;	46(1):	190–5.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

49.	 Rubin	MR,	Dempster	DW,	Sliney	J	Jr,	et al.:	PTH(1-84) administration reverses 
abnormal bone-remodeling dynamics and structure in hypoparathyroidism.		
J Bone Miner Res.	2011;	26(11):	2727–36.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

50.	 Chawla	H,	Saha	S,	Kandasamy	D,	et al.:	Vertebral Fractures and Bone Mineral 
Density in Patients With Idiopathic Hypoparathyroidism on Long-Term Follow-
Up.	J Clin Endocrinol Metab.	2017;	102(1):	251–8.		
PubMed Abstract |	Publisher Full Text 

51.	 Rubin	MR,	Cusano	NE,	Fan	WW,	et al.:	Therapy of Hypoparathyroidism With 
PTH(1-84): A Prospective Six Year Investigation of Efficacy and Safety.	J Clin 
Endocrinol Metab.	2016;	101(7):	2742–50.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

52.	 Rubin	MR,	Zhou	H,	Cusano	NE,	et al.:	The Effects of Long-term Administration 
of rhPTH(1-84) in Hypoparathyroidism by Bone Histomorphometry.	J Bone 
Miner Res.	2018;	33(11):	1931–9.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

53.	 FDA:	Natpara package insert.	[November	15,	2019].		
Reference Source

54.	 Winer	KK,	Fulton	KA,	Albert	PS,	et al.:	Effects of Pump versus Twice-Daily 
Injection Delivery of Synthetic Parathyroid Hormone 1-34 in Children with 
Severe Congenital Hypoparathyroidism.	J Pediatr.	2014;	165(3):	556–563.e1.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

55.	 Winer	KK,	Zhang	B,	Shrader	JA,	et al.:	Synthetic Human Parathyroid Hormone 
1-34 Replacement Therapy: A Randomized Crossover Trial Comparing Pump 
Versus Injections in the Treatment of Chronic Hypoparathyroidism.	J Clin 
Endocrinol Metab.	2012;	97(2):	391–9.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

56.	 Takeda:	Information on the recall of NATPARA in the US. 2020.	[February	10,	
2020].		
Reference Source

57.	 Gafni	RI,	Guthrie	LC,	Kelly	MH,	et al.:	Transient Increased Calcium and Calcitriol 
Requirements After Discontinuation of Human Synthetic Parathyroid Hormone 
1-34 (hPTH 1-34) Replacement Therapy in Hypoparathyroidism.	J Bone Miner 
Res.	2015;	30(11):	2112–8.		
PubMed Abstract |	Publisher Full Text 

58.	 JOINT	ASBMR:	Endocrine Society Guidance On Transitioning 
Hypoparathyroidism Patients from NATPARA®. 2019	[May	6,	2020].		
Reference Source

59.	 	Holten-Andersen	L,	Pihl	S,	Rasmussen	CE,	et al.:	Design and Preclinical 
Development of TransCon PTH, an Investigational Sustained-Release PTH 
Replacement Therapy for Hypoparathyroidism.	J Bone Miner Res.	2019;	34(11):	
2075–86.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

60.	 Karpf	D,	Mortensen	E,	Sprogoe	K,	et al.:	The design and preliminary results of a 
phase 1 TransCon PTH trial in healthy volunteers.	EJEA.	2018.		
Publisher Full Text 

61.	 Tamura	T,	Noda	H,	Joyashiki	E,	et al.:	Identification of an orally active small-
molecule PTHR1 agonist for the treatment of hypoparathyroidism.	Nat 
Commun.	2016;	7:	13384.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

62.	 Shimizu	M,	Joyashiki	E,	Noda	H,	et al.:	Pharmacodynamic Actions of a Long-
Acting PTH Analog (LA-PTH) in Thyroparathyroidectomized (TPTX) Rats and 
Normal Monkeys.	J Bone Miner Res.	2016;	31(7):	1405–12.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

63.	 Bi	R,	Fan	Y,	Lauter	K,	et al.:	Diphtheria Toxin- and GFP-Based Mouse Models of 
Acquired Hypoparathyroidism and Treatment With a Long-Acting Parathyroid 
Hormone Analog.	J Bone Miner Res.	2016;	31(5):	975–84.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

64.	 Dean	T,	Linglart	A,	Mahon	MJ,	et al.:	Mechanisms of ligand binding to the 
parathyroid hormone (PTH)/PTH-related protein receptor: Selectivity of a 
modified PTH(1-15) radioligand for GalphaS-coupled receptor conformations.	
Mol Endocrinol.	2006;	20(4):	931–43.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

Page 7 of 8

F1000Research 2020, 9(Faculty Rev):766 Last updated: 23 JUL 2020

http://www.ncbi.nlm.nih.gov/pubmed/31369089
http://dx.doi.org/10.1210/jc.2019-01010
http://www.ncbi.nlm.nih.gov/pmc/articles/6760337
https://facultyopinions.com/prime/736322841
https://facultyopinions.com/prime/736322841
https://facultyopinions.com/prime/732370009
http://www.ncbi.nlm.nih.gov/pubmed/29281760
http://dx.doi.org/10.1002/jbmr.3368
https://facultyopinions.com/prime/732370009
https://facultyopinions.com/prime/737160790
http://www.ncbi.nlm.nih.gov/pubmed/31901096
http://dx.doi.org/10.1210/clinem/dgz319
https://facultyopinions.com/prime/737160790
https://facultyopinions.com/prime/726841489
http://www.ncbi.nlm.nih.gov/pubmed/27734257
http://dx.doi.org/10.1007/s12020-016-1141-0
http://www.ncbi.nlm.nih.gov/pmc/articles/5225224
https://facultyopinions.com/prime/726841489
https://facultyopinions.com/prime/726841489
http://www.ncbi.nlm.nih.gov/pubmed/26865527
http://dx.doi.org/10.1002/jbmr.2812
http://www.ncbi.nlm.nih.gov/pubmed/25753591
http://dx.doi.org/10.1002/jbmr.2501
https://facultyopinions.com/prime/732070903
http://www.ncbi.nlm.nih.gov/pubmed/29099947
http://dx.doi.org/10.1210/jc.2017-01471
http://www.ncbi.nlm.nih.gov/pmc/articles/6458961
https://facultyopinions.com/prime/732070903
https://facultyopinions.com/prime/732070907
http://www.ncbi.nlm.nih.gov/pubmed/29099939
http://dx.doi.org/10.1210/jc.2017-01555
https://facultyopinions.com/prime/732070907
http://www.ncbi.nlm.nih.gov/pubmed/19336505
http://dx.doi.org/10.1210/jc.2008-2574
http://www.ncbi.nlm.nih.gov/pmc/articles/2690425
https://facultyopinions.com/prime/728777455
http://www.ncbi.nlm.nih.gov/pubmed/28822059
http://dx.doi.org/10.1007/s12020-017-1377-3
https://facultyopinions.com/prime/728777455
http://www.ncbi.nlm.nih.gov/pubmed/23649554
http://dx.doi.org/10.1002/jbmr.1964
http://www.ncbi.nlm.nih.gov/pubmed/24978675
http://dx.doi.org/10.1210/jc.2014-2267
http://www.ncbi.nlm.nih.gov/pmc/articles/4184077
http://www.ncbi.nlm.nih.gov/pubmed/6730857
http://dx.doi.org/10.1530/acta.0.1060227
http://www.ncbi.nlm.nih.gov/pubmed/7797535
http://dx.doi.org/10.1074/jbc.270.26.15455
http://www.ncbi.nlm.nih.gov/pubmed/28890271
http://dx.doi.org/10.1016/j.physbeh.2017.09.005
http://www.ncbi.nlm.nih.gov/pubmed/19401215
http://dx.doi.org/10.1016/j.neuroscience.2009.04.054
http://www.ncbi.nlm.nih.gov/pmc/articles/2703999
http://www.ncbi.nlm.nih.gov/pubmed/30774490
http://dx.doi.org/10.2147/PROM.S179310
http://www.ncbi.nlm.nih.gov/pmc/articles/6357884
https://facultyopinions.com/prime/1135917
http://www.ncbi.nlm.nih.gov/pubmed/18684087
http://dx.doi.org/10.1359/jbmr.080803
http://www.ncbi.nlm.nih.gov/pmc/articles/2686925
https://facultyopinions.com/prime/1135917
https://facultyopinions.com/prime/1135917
http://www.ncbi.nlm.nih.gov/pubmed/19782782
http://dx.doi.org/10.1016/j.bone.2009.09.020
http://www.ncbi.nlm.nih.gov/pmc/articles/2818211
http://www.ncbi.nlm.nih.gov/pubmed/21735476
http://dx.doi.org/10.1002/jbmr.452
http://www.ncbi.nlm.nih.gov/pmc/articles/4019384
http://www.ncbi.nlm.nih.gov/pubmed/27813708
http://dx.doi.org/10.1210/jc.2016-3292
http://www.ncbi.nlm.nih.gov/pubmed/27144931
http://dx.doi.org/10.1210/jc.2015-4135
http://www.ncbi.nlm.nih.gov/pmc/articles/4929839
http://www.ncbi.nlm.nih.gov/pubmed/29972871
http://dx.doi.org/10.1002/jbmr.3543
http://www.ncbi.nlm.nih.gov/pmc/articles/6546298
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125511s000lbl.pdf
http://www.ncbi.nlm.nih.gov/pubmed/24948345
http://dx.doi.org/ 10.1016/j.jpeds.2014.04.060
http://www.ncbi.nlm.nih.gov/pmc/articles/4174419
http://www.ncbi.nlm.nih.gov/pubmed/22090268
http://dx.doi.org/10.1210/jc.2011-1908
http://www.ncbi.nlm.nih.gov/pmc/articles/3275355
https://www.takeda.com/en-us/newsroom/natpara-updates/
http://www.ncbi.nlm.nih.gov/pubmed/25990370
http://dx.doi.org/10.1002/jbmr.2555
https://www.asbmr.org/ASBMRStatementsDetail/joint-american-society-bone-mineral-research-asbmr?utm_source=US+Members+as+of+4%2F30%2F19&utm_campaign=a26abb0861-EMAIL_CAMPAIGN_2019_09_19_01_01&utm_medium=email&utm_term=0_15b5c7c720-a26abb0861-232193233
https://facultyopinions.com/prime/736177715
http://www.ncbi.nlm.nih.gov/pubmed/31291476
http://dx.doi.org/10.1002/jbmr.3824
https://facultyopinions.com/prime/736177715
http://dx.doi.org/10.1530/endoabs.56.GP174
http://www.ncbi.nlm.nih.gov/pubmed/27857062
http://dx.doi.org/10.1038/ncomms13384
http://www.ncbi.nlm.nih.gov/pmc/articles/5120204
http://www.ncbi.nlm.nih.gov/pubmed/26865415
http://dx.doi.org/10.1002/jbmr.2811
http://www.ncbi.nlm.nih.gov/pmc/articles/4935665
http://www.ncbi.nlm.nih.gov/pubmed/26678919
http://dx.doi.org/10.1002/jbmr.2769
http://www.ncbi.nlm.nih.gov/pmc/articles/4862881
http://www.ncbi.nlm.nih.gov/pubmed/16339275
http://dx.doi.org/10.1210/me.2005-0349
http://www.ncbi.nlm.nih.gov/pmc/articles/3242416


 

Open Peer Review

   Current Peer Review Status:

Editorial Note on the Review Process
 are review articles written by the prestigious Members of  . The articles areFaculty Reviews Faculty Opinions

commissioned and peer reviewed before publication to ensure that the final, published version is comprehensive
and accessible. The reviewers who approved the final version are listed with their names and affiliations.

The reviewers who approved this article are:
Version 1

The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias

You can publish traditional articles, null/negative results, case reports, data notes and more

The peer review process is transparent and collaborative

Your article is indexed in PubMed after passing peer review

Dedicated customer support at every stage

For pre-submission enquiries, contact   research@f1000.com

 Aliya A. Khan
Medicine, Divisions of Endocrinology and Metabolism and Geriatric Medicine, McMaster University, Hamilton,
Canada

 No competing interests were disclosed.Competing Interests:

1

 Maria Luisa Brandi
Department of Surgery and Translational Medicine, Bone Metabolic Diseases Unit, University of Florence,
Florence, Italy

 No competing interests were disclosed.Competing Interests:

2

 Bart Clarke
Division of Endocrinology, Diabetes, Metabolism, and Nutrition, Mayo Clinic College of Medicine, Rochester,
MN, USA

 No competing interests were disclosed.Competing Interests:

3

Page 8 of 8

F1000Research 2020, 9(Faculty Rev):766 Last updated: 23 JUL 2020

https://f1000research.com/browse/faculty-reviews
http://f1000.com/prime/thefaculty

