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Context: Understanding the etiology, diagnosis, and symptoms of hypoparathyroidism may help

to improve quality of life and long-term disease outcomes. This paper summarizes the results of the

findings and recommendations of the Working Group on Presentation of Hypoparathyroidism.

EvidenceAcquisition:Experts convened inFlorence, Italy, inMay2015andevaluatedthe literatureand

recent data on the presentation and long-term outcomes of patients with hypoparathyroidism.

Evidence Synthesis: The most frequent etiology is surgical removal or loss of viability of parathyroid

glands. Despite precautions and expertise, about 20–30% of patients develop transient and 1–7%

developpermanentpostsurgicalhypoparathyroidismaftertotalthyroidectomy.Autoimmunedestruc-

tion is the main reason for nonsurgical hypoparathyroidism. Severe magnesium deficiency is an un-

common but correctable cause of hypoparathyroidism. Several genetic etiologies can result in the loss

of parathyroid function or action causing isolated hypoparathyroidism or a complex syndrome with

other symptoms apart from those of hypoparathyroidism or pseudohypoparathyroidism. Neuromus-

cular signs or symptoms due to hypocalcemia are the main characteristics of the disease. Hyperphos-

phatemia can contribute to major long-term complications such as ectopic calcifications in the kidney,

brain, eye, or vasculature. Bone turnover is decreased, and bone mass is increased. Reduced quality of

life and higher risk of renal stones, renal calcifications, and renal failure are seen. The risk of seizures

and silent or symptomatic calcifications of basal ganglia is also increased.

Conclusions: Increased awareness of the etiology and presentation of the disease and new research

efforts addressing specific questions formulated during the meeting should improve the diagnosis,

care, and long-term outcome for patients. (J Clin Endocrinol Metab 101: 2300–2312, 2016)
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PTH is a major regulator of calcium and phosphate

homeostasis. In bone and kidney, the actions of PTH

are direct, whereas in the gastrointestinal tract, they are

indirect via regulation of renal 1,25-dihydroxyvitamin D

[1,25(OH)2 D] production. A negative sigmoidal relation-

ship between the serum calcium concentration ([Ca2�])

and PTH secretion is mediated via the parathyroid calci-

um-sensing receptor (CaSR). In contrast, serum phos-

phate does not directly regulate PTH secretion. The inap-

propriately low or frankly low PTH levels in relation to

serum calcium concentration, characteristic of hypopara-

thyroidism, lead to decreased renal tubular reabsorption

of calcium (TmCa) and, simultaneously, to increased renal

tubular reabsorption of phosphate (TmP). Thus, the main

biochemical abnormalities of hypoparathyroidism are hy-

pocalcemia and hyperphosphatemia. Hypocalcemia gives

rise to most of the neuromuscular symptoms and signs of

hypoparathyroidism, whereas hyperphosphatemia con-

tributes importantly to ectopic mineralization in soft tis-

sues (vasculature, brain, kidneys, and other organs).

Magnesium has a complex role in controlling PTH

secretion and action. Magnesium is essential for a num-

ber of metabolic pathways and cellular functions and is

an essential cofactor in enzymatic reactions. Serum ion-

ized magnesium is tightly regulated. Renal magnesium

reabsorption and 90% of the magnesium absorption in

the bowel occur via a passive paracellular route. Tran-

scellular absorption in the bowel and kidney is an active

process via the transient receptor potential melastatin

subtype 6 (TRPM6) channels. Magnesium activates the

CaSR so hypermagnesemia decreases PTH synthesis

and secretion. Mild hypomagnesemia stimulates PTH

secretion. In contrast, severe hypomagnesemia de-

creases PTH secretion. This paradoxical block of PTH

secretion is believed to be due to the effect of intracel-

lular magnesium depletion on the �-subunits of the G

proteins associated with the CaSR, resulting in de-

creased PTH secretion. Hypomagnesemia also results in

target tissue resistance to the effects of PTH, in partic-

ular, in the renal tubules and in bone.

The full clinical presentation of hypoparathyroidism

(symptoms, signs, and complications) is the direct result

of the destruction or dysfunction of the parathyroid

gland and in particular the deficient secretion of PTH,

resulting in absent signaling in classic target tissues

(bone and kidney) as well as other PTH receptor-ex-

pressing tissues. Hypoparathyroidism is thus a disease

or syndrome due to a (transient or permanent) lack of

PTH or PTH signaling and can be diagnosed by the

combination of low serum ionized or albumin-corrected

calcium concentration and low or undetectable PTH. In

contrast, in pseudohypoparathyroidism (PHP), due to

resistance to actions of the hormone, there is a combi-

nation of low serum calcium and high serum PTH levels.

Over the lifetime of an individual, hypoparathyroidism

can involve nearly every organ system in the body. Stan-

dard management to prevent hypocalcemia includes

oral calcium supplements, calcitriol, or other active vi-

tamin D analogs. Such chronic treatment can alleviate

symptoms but may, however, produce a number of ad-

verse effects that increase the burden of the disease.

Therefore, along with the careful titration of medic-

ation and biochemical monitoring for disease control

that hypoparathyroidism requires, the treating clinician

must periodically assess renal, ocular, neurological,

neuromuscular, behavioral, and skeletal parameters to

avoid the complications of this chronic disorder and

preserve quality of life (QoL) for the patient.

The present manuscript focuses on updated info-

rmation on the etiology and clinical presentation of hy-

poparathyroidism, whether isolated or part of more

complex syndromes, and new data on the effects of

chronic hypoparathyroidism on skeletal mass, micro-

architecture, and remodeling. Other aspects of the dis-

ease as well as clinical management recommendations

are discussed in two accompanying manuscripts in this

issue of the JCEM (one on epidemiology and diagnosis,

the other on management). Specialized topics such as

the management of hypoparathyroidism in pregnancy

and lactation and the effects of the disease and its man-

agement in children and particularly on growth and

development, although very important, are not dis-

cussed here but are covered in several excellent reviews

(1– 4). Because there remains a large number of out-

standing questions, the authors also present a number of

research topics that need to be addressed to improve

further the diagnosis, treatment, and prognosis of this

disease.

Clinical Features of Hypoparathyroidism

Hypocalcemia causes well-known signs and symptoms

because a low extracellular ionized [Ca2�] can have a

profound impact on a large number of tissues and organ

systems including the brain, muscles, heart, and kid-

neys. The rapid onset of hypocalcemia in the postsur-

gical setting can present dramatically and in a manner

that demands immediate and aggressive intervention.

Alternatively, especially if the pace of development

of the condition is gradual, patients with hypocalcemia

due to chronic hypoparathyroidism can be nearly

asymptomatic, despite profound biochemical distur-

bances. Hyperphosphatemia is another consequence of

doi: 10.1210/jc.2015-3909 press.endocrine.org/journal/jcem 2301

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jc
e
m

/a
rtic

le
/1

0
1
/6

/2
3
0
0
/2

8
0
4
7
3
5
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



hypoparathyroidism. It is asymptomatic and is respon-

sible, over a much longer time frame, for ectopic min-

eralization and clinical consequences in soft tissues of

the vascular, nervous, renal, and other organs that can

impair their function permanently.

General signs and symptoms

Most signs and symptoms of hypoparathyroidism are

due to hypocalcemia because low serum ionized [Ca2�]

can alter neurological, cognitive, muscular, and cardiac

function (5–7). Sometimes this occurs in a highly insidious

manner. Chronic hyperphosphatemia, mainly in the set-

ting of treatment for the disease with oral calcium sup-

plements, calcitriol, or other active vitamin D analogs,

contributes to the ectopic calcifications noted above and

the clinical consequences of renal stones and nephrocal-

cinosis. These ectopic calcifications are classically believed

to be due to the chronically elevated phosphate levels and

high calcium-phosphate product, resulting from the dis-

ease itself and from long-term treatment with activated

vitamin D and calcium. High serum phosphate may

also activate the inorganic phosphate transporter pit1

(SLC20A1) and result in the expression of osteogenic mol-

ecules in the caudate nucleus and gray matter as mecha-

nisms explaining calcifications in basal ganglia (8). Many

patients with hypoparathyroidism also have chronically

low serum magnesium levels. Serum magnesium should be

evaluated and addressed if necessary in these patients be-

cause the signs and symptoms of hypocalcemia can be

aggravated by concomitant magnesium deficiency.

Neurological, muscular, psychiatric, cardiovascular,

ophthalmological, dermatological, gastrointestinal, and

dental signs and symptoms are detailed in Table 1 and are

not further discussed in this manuscript. More details can

be found in recent reviews (5–10). Renal and skeletal man-

Table 1. Signs and Symptoms of Chronic Hypoparathyroidism (Excluding Bone, Kidney, and Quality of Life, Which
Are Discussed in the Text)

Organ System Manifestations, Signs, Symptoms

Neuromuscular Fatigue
Generalized muscle weakness
Muscle cramping (sometimes painful), manifested as carpal and or pedal spasms
Neuromuscular irritability resulting in tetany
Laryngospasm and stridor
Bronchospasm and wheezing: Trousseau sign and Chvostek sign
Electromyography: burst of rapid firing either spontaneously or induced by hyperventilation
Elevated creatine kinase

Neurological, psychiatric Paresthesia and numbness especially around the mouth and in the fingers and toes
Seizures, spells
Poor memory and concentration
Parkinsonism and chorea
Pseudotumor cerebri
Depression
Anxiety
Personality disturbances
Basal ganglia and brain calcifications (Fahr’s disease)

Cardiovascular Congestive heart failure (cardiomegaly, pulmonary congestion, volume overload)
Chest pain
Arrhythmias
Heart block
ECG: prolonged QTc interval; changes suggestive of myocardial ischemia

Ophthalmological Papilledema
Calcification of the cornea
Cataract

Dermatological Alopecia
Scaling of the skin
Deformities of the nails

Gastrointestinal Constipation
Abdominal cramps
Steatorrhea

Dental Cemental hyperplasia
Hypoplastic enamel
Short rounded roots
Hypodontia and delay or lack of tooth eruption
Possibly widening of the periodontal ligament space

Abbreviation: ECG, electrocardiogram.
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ifestations and effects of hypoparathyroidism on QoL,

both at baseline and due to treatment, are discussed in

separate sections below.

Skeletal manifestations of hypoparathyroidism in

patients on chronic treatment

Bone mass, microarchitecture, and turnover

Patients with hypoparathyroidism have bone mineral

apparent density (BMDs) as measured by dual-energy x-

ray absorptiometry (DXA) that are greater than age- and

sex-matched controls (11–15). Details of BMD Z- and

T-scores obtained in four selected studies in adults are

summarized in Supplemental Table 1 along with other

histomorphometric, biochemical marker, and computed

tomography (CT) data (11–22). The increase in Z- and in

T-scores usually approaches or exceeds “1” at most sites

that include both cortical and trabecular bone, with the

highest scores observed at the lumbar spine (LS) in adults

as well as in children and adolescents. As an example, in

33 subjects with hypoparathyroidism, BMD Z-scores

were �2.2 at the LS, �1.1 at the total hip, �1.3 at the

femoral neck, and �0.7 at the 1/3 distal radius. BMD was

positively correlated with the duration of hypoparathy-

roidism (12). Other reports essentially come to the same

conclusion (Supplemental Table 1).

Trabecular bone score, a textural index that evaluates

pixel gray-level variations derived from the LS DXA im-

age, provides an indirect index of trabecular microarchi-

tecture. Trabecular bone score was found to be normal in

subjects with hypoparathyroidism (16) (see Supplemental

Table 1).

Advanced imaging has been used to assess bone in pa-

tients with hypoparathyroidism. Peripheral quantitative

CT (pQCT) of the radius was done in a small study of nine

women with hypoparathyroidism, comparing them to 36

women with primary hyperparathyroidism and 100 age-,

gender-, and body size-matched normal controls. Trabec-

ular volumetric BMD (vBMD) was greater in the trabec-

ular-enriched 4% distal radius, and cortical vBMD was

higher at the cortical site (20% of the midradius), as com-

pared to normal controls and hyperparathyroid women

(11). Cortical area and cortical thickness were also in-

creased in hypoparathyroid subjects. In addition, high-

resolution pQCT of the radius and tibia revealed a con-

sistent increase in cortical vBMD in men and women with

hypoparathyroidism, as well as decreased cortical poros-

ity at the radius and tibia in women and at the tibia in men

(17). There was, however, no significant difference in es-

timated bone strength between hypoparathyroid and nor-

mal controls. Additional changes in high-resolution

pQCT parameters are shown in Supplemental Table 1.

The low bone turnover state of hypoparathyroidism is

reflected in dynamic histomorphometry parameters and is

described below and in Supplemental Table 1. This feature

is also reflected, but not to the same extent, by bone turnover

markers. Bone turnover markers are indeed in the lower half

of thenormal range inhypoparathyroidpatients treatedwith

calcium and vitamin D (19). Because PTH suppresses the

secretion of sclerostin by bone, it is no surprise that hypo-

parathyroid patients have higher levels of sclerostin than eu-

parathyroid healthy controls (23). Despite this higher

sclerostin concentration, bone mass is increased in hypo-

parathyroidism, which may indicate that the inhibitory ac-

tionof sclerostinonbone formation isblunted in thisdisease.

Histomorphometry and microcomputed

tomography of bone biopsies

Hypoparathyroidism is associated with markedly re-

duced bone remodeling, as shown by histomorphometric

assessment of the transiliac bone biopsy (12, 19, 24) (see

Supplemental Table 1 and Figure 1). Iliac crest bone bi-

Figure 1. A and B, Low-power images of entire iliac crest bone

biopsies from a control subject (A) and a hypoparathyroid subject (B)

with Goldner trichrome stain. Note the higher cortical thickness and

cancellous bone volume in the hypoparathyroid subject. C and D,

Microcomputed tomographic images of cancellous bone from a

control subject (C) and a hypoparathyroid subject (D). Note the higher

cancellous bone volume and dense trabecular structure in

hypoparathyroidism. E and F, Tetracycline labels in a control subject (E)

and a hypoparathyroid subject (F). Note the reduction in tetracycline

uptake in the hypoparathyroid subject reflecting reduced bone

turnover. [Panels A, B, E, and F were reproduced with permission from

M. R. Rubin et al: Dynamic and structural properties of the skeleton in

hypoparathyroidism. J Bone Miner Res. 2008;23:2018–2024 (12), with

permission. © John Wiley & Sons.]

doi: 10.1210/jc.2015-3909 press.endocrine.org/journal/jcem 2303
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opsies from eight women and four men with vitamin

D-treated hypoparathyroidism displayed a decreased re-

sorption rate, and indices of bone formation and remod-

eling activation frequency were reduced by 54–80%. The

resorption depth was reduced, and the wall thickness of

the cancellous osteons was 5 �m greater than the resorp-

tion depth. The remodeling cycle thus resulted in a slightly

positive bone balance, and in each remodeling unit,

slightly more bone was being deposited than removed

(25). In a larger, comprehensive study in which remodel-

ing variables were measured in three bone envelopes (can-

cellous, endocortical, and intracortical), bone formation

variables, including bone formation rate, osteoid surface,

and width, were consistently and substantially reduced by

up to 5-fold across all envelopes. The reduction in bone

formation rates was attributable, as demonstrated by re-

duced tetracycline uptake (Figure 1, E and F), to signifi-

cant decreases in both mineralizing surface and mineral

apposition rate. Despite a lack of difference between hy-

poparathyroid and control subjects in eroded surface, the

resorption rate was significantly reduced in the hypopara-

thyroid subjects, and again, this was consistently seen in

all envelopes (12, 19). Microcomputed tomography of bi-

opsies (26) allows structural analysis in three dimensions,

and this technique confirmed the increase in cancellous

bone volume in hypoparathyroidism and revealed not

only an increase in trabecular thickness but also increases

in trabecular number and connectivity (see Figure 1, A–D).

Fracture risk

Underbjerg et al (27), in a nationwide survey, identified

688 patients with postsurgical hypoparathyroidism due to

nonmalignant causes who were receiving conventional

treatment with calcium and vitamin D metabolites for

more than 6 months. Each case was matched for age and

sex with three controls from the general population. The

authors reported that long-term overall fracture risk was

not different from controls (hazard ratio [HR], 1.03; 95%

confidence interval [CI], 0.83–1.29), whereas the risk of

fractures in the upper extremities was significantly de-

creased in patients with hypoparathyroidism (HR, 0.69;

95% CI, 0.49–0.97). In another study, Underbjerg et al

(28) identified all 180 subjects diagnosed with nonsurgical

hypoparathyroidism in Denmark between 1997 and 2012

(through registers and review of individual patient hospi-

tal charts). Patients were compared with an age- and gen-

der-matched control group from the general population.

Although the overall fracture risk was similar between

cases and controls, hypoparathyroid patients had a

greater risk of fractures in the upper extremities (HR, 1.93;

95% CI, 1.31–2.85).

Two small studies have assessed vertebral fractures in

patients with hypoparathyroidism. Fujiyama et al (29)

evaluated 33 postmenopausal women who underwent to-

tal thyroidectomy due to thyroid cancer. Among them, 13

women became hypoparathyroid, whereas the remaining

20 retained normal parathyroid function. The incidence of

spinal deformity, as assessed by spinal radiographs, was

significantly lower in hypoparathyroid women than in

controls. In contrast, a recent study demonstrated in-

creased morphometric vertebral fractures in 16 patients

with hypoparathyroidism, compared to 17 age- and BMI-

matched normal controls (30).

Concluding statement. The low bone turnover in hypo-

parathyroidism is demonstrated by several techniques and

results over time in higher bone mass. To what extent this

is due to the lack of PTH and/or to the combined chronic

therapy with calcium supplements and activated vitamin

D metabolites is not well defined. The long-term effects of

increased bone mass (likely to be beneficial) and low bone

turnover (possibly deleterious to bone quality) on bone

strength and fracture risk remain unclear.

Renal manifestations of chronic hypoparathyroidism

in patients on treatment

Decreased PTH secretion or action results in decreased

serum calcium and thus a decreased filtered calcium load

as well as decreased TmCa. Thus, although hypoparathy-

roidism causes a relative hypercalciuria in relation to the

prevailing hypocalcemia, the net effect is reduced urinary

calcium excretion. Low levels of PTH also lead to in-

creased renal TmP. The resulting hyperphosphatemia, in

combination with low PTH levels, down-regulates renal

production of 1,25(OH)2 D. The decreased serum

1,25(OH)2 D reduces active intestinal calcium absorption,

and to a lesser extent phosphorus absorption. Reduced

filtered load of calcium and the reduced calcium absorp-

tion from the gut together result in a lower 24-hour uri-

nary excretion of calcium, despite the decreased TmCa.

This would theoretically decrease the risk of kidney stones

in the untreated patient. The 24-hour urinary phosph-

orus remains normal, despite an increased TmP, because

dietary phosphorus is usually much in excess of require-

ments, and 24-hour urine largely reflects dietary phospho-

rus intake. PTH does not affect glomerular filtration

significantly. However, the clinical use of calcium supple-

ments, along with vitamin D and its active analogs, in an

effort to normalize serum calcium and phosphate in hy-

poparathyroid patients often results in chronic hypercal-

ciuria and increased urinary stone risk factors.

Overall, hypoparathyroidism and its long-term classi-

cal treatment (with oral calcium, calcitriol, or other active

2304 Shoback et al Presentation of Hypoparathyroidism J Clin Endocrinol Metab, June 2016, 101(6):2300–2312
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vitamin D analogs) increases the risk of renal stone for-

mation and nephrocalcinosis and, ultimately, decreased

glomerular filtration rate, especially in those with episodes

of treatment-induced hypercalcemia. These renal compli-

cations are the most serious long-term risks for patients

with hypoparathyroidism (see Long-Term Outcomes and

Complications below). Patients with activating CaSR mu-

tations are at even higher risk (5, 31).

Concluding statement. Hypercalcemic episodes in the

presence of hyperphosphatemia increase the risk of ecto-

pic mineralization in the kidney and accelerate the risk of

developing chronic kidney disease (CKD) in hypopara-

thyroidism. Patients should have regular assessments of

renal function and should be considered for periodic renal

imaging to evaluate for the presence of such ectopic cal-

cifications. Ultrasound examination seems to be superior

to computed tomography for such diagnosis (32).

Quality of life

Many patients with hypoparathyroidism report symp-

toms that suggest impaired QoL (5, 6). These include phys-

ical complaints such as fatigue, muscle spasms, pain, and

paresthesia; cognitive symptoms such as “brain fog” and

inability to concentrate; and emotional difficulties includ-

ing depression and/or anxiety. Several publications have

reported that patients with hypoparathyroidism have re-

duced QoL when compared to either a normal population

or suitable controls. A study from Germany of 25 women

with postsurgical hypoparathyroidism showed a higher

global complaint score compared to women who had thy-

roid surgery but had normal parathyroid function (33).

The predominant increases were in subscores for anxiety.

Similarly, in a recent study from the United States, 340

patients with postoperative hypoparathyroidism experi-

enced symptoms that were considerably worse than an-

ticipated by 200 healthy subjects (given the description of

the disease) or by 102 experienced surgeons (34). In an-

other study of postsurgical hypoparathyroidism, 688 pa-

tients fromaDanishnational registryhadan increased risk

of depression and other psychiatric symptoms when com-

pared to 2752 matched controls (27). Idiopathic hypo-

parathyroidismwasalsoassociatedwithdecreasedQoL in

a study from India showing that these patients had a higher

proportion of neuropsychiatric and cognitive dysfunction

than controls (103). Finally, an internet-conducted survey

of 374 patients with hypoparathyroidism in the United

States showed that the majority had fatigue as well as

emotional and cognitive impairment (35).

Additional information on QoL in hypoparathyroid

patients comes from baseline data obtained in treatment

trials with PTH. These data are particularly useful because

these patients are well characterized and the tests of QoL

are administered systematically and rigorously. In a trial

of 69 participants from the United States, all domains of

QoL assessed by the SF36 were below normal at baseline,

with the T-scores ranging between �0.9 and �1.4 (36).

The level of biochemical control of the participants was

similar to the general population of hypoparathyroid pa-

tients, with 59.4% of subjects having serum calcium val-

ues within the reference range (8.6–10.2 mg/dL), and the

mean (range) daily intakes of elemental calcium and cal-

citriol were 2.5 (0–11) g and 0.69 (0–3) �g, respectively.

QoL was also examined in 62 adults with hypoparathy-

roidism from Denmark (37). Their SF36 scores were be-

low the mean for the normal population in seven of 10

domains. On the World Health Organization-5 Well-Be-

ing Index,10% of thesepatientshad scores consistentwith

a stateofdepression;24% hadscores indicatingpoor emo-

tional well-being. When these same patients were asked

about fatigue, 22% reported that they had been very tired,

37% reported that they had been tired most of the time

for a prolonged period of time, and 22% did not report

tiredness.

Concluding statement. Although it is clear that hypopara-

thyroidism is associated with impaired QoL, the nature of

this impairment and its relationship to biochemical con-

trol or other aspects of the disease are not well character-

ized. Further studies are needed to develop appropriate

methods for assessing QoL, to establish the relationship,

if any, between biochemical variables and QoL, and

to examine the QoL response to current or emerging

therapies.

Other manifestations

Other specific signs and symptoms, due to the many

syndromic and nonsyndromic causes of hypoparathyroid-

ism, are quite varied because of the broad spectrum of

disorders that cause hypoparathyroidism (see Supplemen-

tal Table 2) (38–45). These manifestations may include

hearing loss, renal anomalies and dysfunction, dysmor-

phism, short stature, immunodeficiency, cardiac anoma-

lies, skeletal abnormalities, and many others.

Long-Term Outcomes and Complications

Recent studies provide insight into the chronic complica-

tions and adverse outcomes that contemporary patients

with chronic hypoparathyroidism may experience over

time (27, 28, 31, 46). One chart review study done at two

Boston tertiary care medical centers (31) included 120 pa-

tients (73% female) with permanent hypoparathyroidism

due to acquired (postsurgical, autoimmune, and idio-
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pathic; 89%) and congenital (syndromic, nonsyndromic,

and lifelong idiopathic; 11%) etiologies and followed for

7.4 � 5.1 years (from 1998–2009). Upon enrollment, dis-

ease had been present on average 17 � 16 years.

Records were reviewed for serum and urine biochem-

istries and renal and brain imaging when available. De-

fining an acceptable target serum calcium range as 7.5–9.5

mg/dL, Mitchell et al (31) found that the most recent se-

rum calcium level was within that range in 71% of their

patients. Furthermore, by their estimates, patients in this

cohort spent 86% of the time they were followed in this

target range. Just 53 patients had at least one 24-hour

urinary calcium determination, with 38% of that group

having elevated urinary calcium levels (�300 mg/d). In

terms of renal complications, two patients had undergone

renal transplantation for nephrocalcinosis and CKD. Of

the remaining patients, 31% of the group that had renal

imaging (17 of 54 patients) demonstrated intrarenal cal-

cification. Estimated glomerular filtration rates were cal-

culated and found to be �60 mL/min/1.73 m2 (stage 3

CKD or higher) in 41% of these patients with chronic

hypoparathyroidism. This rate is estimated to be 2- to

17-fold higher than those for age-matched norms taken

from the US-based National Health and Nutrition Exam-

ination Survey (1999–2006). Duration of disease and pro-

portion of time with relative hypercalcemia (higher than

the target range of 7.5–9.5 mg/dL) were the two features,

by multivariate analysis, that were significantly associated

with estimated glomerular filtration rate. Of the small

number of patients with brain imaging (n � 31), 52% of

them had basal ganglia calcification. Although the data

were not prospectively gathered and the study was not

controlled, these findings are still valuable for understand-

ing particularly the effects of chronic hypoparathyroidism

on the brain and kidneys.

In a case control study of 688 patients with hypopara-

thyroidism in Denmark (matched by age and gender to

2064 controls), Underbjerg et al (46) found an increased

risk of renal complications (HR, 3.67; 95% CI, 2.41–

5.59) and seizures (HR, 3.82; 95% CI, 2.15–6.79). There

was no increased risk for arrhythmias or cardiovascular

complications. In further studies on the same cohort, this

group (27) examined the risk of psychiatric disease, infec-

tions, fractures, spinal stenosis, and cataracts. For the last

three of these outcomes, there was no increased risk in

patients with chronic postsurgical hypoparathyroidism.

However, this patient group did show an increased risk of

hospitalization for infection (HR, 1.42; 95% CI, 1.20–

1.67) as well as depression/bipolar disease (HR, 1.99;

95%, CI, 1.14–3.46).

A recent study assessed the morbidity and mortality of

people with nonsurgical hypoparathyroidism in Denmark

(28). Records revealed 180 persons with that diagnosis

from 1977 to 2012, with 123 of them currently alive.

Compared to controls (gender- and birth year [� 2 years]-

matched), patients with hypoparathyroidism had no in-

creased mortality. These hypoparathyroid subjects did

show an increased HR for cardiovascular disease (HR,

1.91; 95% CI, 1.21–2.81), renal insufficiency (HR, 6.01;

95% CI, 2.45–14.75), hospitalization for psychiatric dis-

ease (HR, 2.45; 95% CI, 1.78–3.35), hospitalization for

seizures (HR, 10.05; 95% CI, 5.38–18.72), hospitaliza-

tion for infection (HR, 1.94; 95% CI, 1.55- 2.44), cata-

racts (HR, 4.21; 95% CI, 2.13–8.34), and fractures of the

upper extremities (HR, 1.93; 95% CI, 1.31–2.85). The

risks of renal stones and nephrocalcinosis were not in-

creased. Risk of malignancy was significantly reduced

(HR, 0.44; 95% CI, 0.24–0.82). Similar to those patients

with postsurgical hypoparathyroidism, there is a high bur-

den of illness in patients with genetic or idiopathic etiol-

ogies for the disorder.

Concluding statement. Cross-sectional studies emphasize

the importance of monitoring renal function, psychiatric

complaints, and neurological complications in the man-

agement of patients with chronic hypoparathyroidism.

Clinical attention should be focused long-term on miti-

gating associated risk factors.

Etiologies of Hypoparathyroidism

An essential issue to distinguish in the differential diag-

nosis of chronic hypocalcemia is whether the condition is

due to PTH deficiency (described in detail below) or to

defective actions of PTH caused by a rare group of disor-

ders known as PHP (see Supplemental Table 2). In clinical

practice, hypoparathyroidism results from a surgical pro-

cedure in approximately 75% of patients and is due to

genetic, autoimmune, or idiopathic etiologies in the re-

mainder (5–7). PHP is distinguished from hypoparathy-

roidism by the presence of high serum intact PTH levels.

Otherwise, biochemically, the laboratory features of PHP

patients overlap with those with hypoparathyroidism.

PHP is due to heterozygous loss of function mutations

in the maternal GNAS gene encoding the �-subunit of

heterotrimeric G protein (Gs), as in PHP type 1a or 1c.

Such patients do not show an increase in urinary phos-

phate excretion after exogenous administration of PTH.

The same mutation in the parental gene does not cause

PTH resistance because the paternal GNAS is always si-

lenced in the proximal tubule of the kidney due to genetic

imprinting. Such GNAS mutations are usually associated

with a clinical phenotype as summarized in Supplemental
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Table 2 (39–43, 47). Individuals with PHP type 1a may

also have resistance to other hormones that couple

through Gs � because this is a widely used signaling path-

way for peptide hormones such as thyrotropin.

Patients with PHP type 1b have only selective renal

resistance to PTH and do not have mutations in GNAS

itself (see Supplemental Table 2). Rather, their functional

defect is due to abnormal genetically defined imprinting

of the GNAS gene in the kidney, usually due to deletions

in the regulatory DNA sequences in GNAS. Differentiat-

ing the exact molecular etiology of PHP can be a diagnostic

challenge, but biochemically, it is generally straightfor-

ward to distinguish PTH deficiency from PTH resistance

(40, 43). The topic is covered more extensively in a com-

panion article in this series. (ref).

Postsurgical hypoparathyroidism

The procedures responsible for postsurgical hypopara-

thyroidism include thyroid, parathyroid, laryngeal, or

other neck surgeries conducted for both benign and ma-

lignant conditions. Anywhere from 3 to 30% of patients

with postoperative hypocalcemia will develop chronic hy-

poparathyroidism (48–54). Overall, postsurgical hypo-

parathyroidism is permanent in up to 7% of patients after

total thyroidectomy (5–7).

Most endocrinologists define postsurgical hypopara-

thyroidism as the combined presence of hypocalcemia (se-

rum calcium � 2.0 mM or �8.0 mg/dL) with an inadequate

PTH concentration (either frankly low or inappropriately

normal [below 15 ng/L] intact PTH levels). Permanent

hypoparathyroidism is diagnosed when such a situation

persists 6 or 12 months after a cervical surgical procedure.

The causes are removal of the glands or permanent func-

tional damage to glands left in situ (devascularization).

Uncomplicated thyroidectomies in most centers world-

wide are increasingly performed with short-term in-hos-

pital or outpatient perioperative observation (55, 56). Pre-

diction and timely diagnosis and treatment of postsurgical

hypoparathyroidism are, therefore, of utmost importance.

Disease-related risk factors for postsurgical hypoparathy-

roidism include autoimmune thyroid disease (Graves’ dis-

ease or Hashimoto’s thyroiditis) (48, 52, 57), retrosternal

goiter (58), and reoperation due to recurrence of goiter or

for completion of surgery (52). Surgery-related risk factors

include total vs subtotal thyroidectomy (48, 59), central

node dissection in thyroid cancer (51, 60), low thyroid

surgery volume or relative inexperience (61, 62), and in-

adequate visualization during thyroidectomy (63).

Preoperative vitamin D status is a risk factor for tran-

sient but not permanent hypoparathyroidism, and there-

fore, correction of vitamin D deficiency should be imple-

mented preferably before surgery (64). Moreover, the

number of parathyroid glands preserved in situ mainly

determines the risk for transient and sustained hypopara-

thyroidism (48, 53). There is considerable controversy as

towhetherautotransplantationmayhelp topreservepara-

thyroid function. Although there is overall agreement re-

garding the need for autotransplantation when a parathy-

roid gland is completely devascularized, several surgeons

in the past advocated parathyroid autotransplantation for

glands not completely devascularized or even on a pro-

phylactic basis (65, 66). Recent studies, however, provide

evidence that autotransplantation of devascularized nor-

mal parathyroids does not completely prevent transient or

permanent hypoparathyroidism (53). Even discolored,

devascularized parathyroids may only be transiently im-

paired, and their function may be better preserved if left in

situ than if autotransplanted (67). Therefore, the auto-

transplantation of normal parathyroids can only be rec-

ommended when the gland is completely avascular.

Various protocols have been used for determining the

predictive value of postoperative serum calcium and PTH

concentrations at the time of skin closure after thyroidec-

tomy up to the morning of the first postoperative day.

To summarize these studies, PTH levels during the first

24 hours after thyroidectomy seem to be more accurate for

the prediction of hypoparathyroidism than serum calcium

concentrations. Accordingly, oral calcium and active vi-

tamin D are recommended when PTH levels are below

10–15 pg/mL postoperatively (54). Protocols with routine

oral calcium and vitamin D substitution (68–70) have also

been proposed to facilitate early discharge of patients after

thyroidectomy.

Concluding statement. Postoperative hypoparathyroid-

ism can best be avoided by routine identification of all

parathyroid glands and meticulous preservation of their

blood supply during surgery, which should be performed

by surgeons with extensive experience with these proce-

dures. Autotransplantation of parathyroid glands should

be reserved for completely devascularized glands. Irre-

spectiveof the extentof surgeryand theunderlying thyroid

disease, postoperative hypocalcemia (serum total calcium

�2.0 mmol/L or �8.0 mg/dL) combined with low serum

PTH (�15 pg/mL) indicates the highest risk for transient

or even permanent hypoparathyroidism, and such pa-

tients should be treated with prophylactic or therapeutic

calcium and supplementation with activated vitamin D

metabolites.

Genetic and autoimmune forms of

hypoparathyroidism

Genetic forms of hypoparathyroidism occur as part of

syndromes or as a nonsyndromic solitary endocrinopathy
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called isolated hypoparathyroidism (38, 71, 72). This sec-

tion and the information in Supplemental Table 2 briefly

review the genetics of these forms of hypoparathyroidism,

the molecular basis when known, and clinical features of

the disorders. A more detailed description of the patho-

physiology and diagnostic testing of genetic forms of hy-

poparathyroidism is presented in an accompanying paper

on Epidemiology and Diagnosis in this issue of the JCEM.

The established syndromes causing hypoparathyroid-

ism, in which the genetic defects are known, include the

autoimmune polyendocrinopathy syndrome type 1, Di-

George syndrome 1 and 2, hypoparathyroidism-deafness-

renal dysplasia syndrome, and Kenny-Caffey syndrome

type 1 and 2 (see Supplemental Table 2). There remain a

number of syndromes in which the clinical features are

recognized (Barakat and Dubowitz syndromes, for exam-

ple) but the genetic bases have not yet been established.

These syndromic forms of hypoparathyroidism may be

inherited as autosomal dominant or autosomal recessive

disorders. The very rare and complex syndromes due to

mitochondrial DNA mutations and deletions can also in-

clude hypoparathyroidism as one feature (see Supplemen-

tal Table 2) (38, 72–74).

Several molecular defects causing isolated hypoparathy-

roidism have also been identified (eg, mutations in the PTH

gene, transcription factor GCM2, CASR, G � 11 [G�11],

and SOX3). These nonsyndromic forms of hypoparathy-

roidismmaybe inheritedasautosomaldominant,autosomal

recessive, and X-linked recessive disorders (38, 72, 75–79).

Gain-of-function CASR mutations result in autosomal dom-

inant hypocalcemia (ADH) type 1. ADH1 patients generally

have normal serum PTH concentrations and hypomag-

nesemia, and treatment with vitamin D or its active metab-

olites or analogs to correct the hypocalcemia may result in

marked hypercalciuria, nephrocalcinosis, nephrolithiasis,

and renal impairment (75). Gain-of-function G�11 muta-

tions result in ADH2, another form of isolated hypopara-

thyroidism (76–78). ADH2 patients have clinical features

that are similar to ADH1 (75, 76). A clinical approach to

genetic testing in a patient who has hypoparathyroidism and

in whom other causes have been excluded is discussed in the

paper on Diagnosis.

Concluding statement. When there is a high suspicion of

a genetic etiology (eg, young age of onset or family history

of autoimmunity or consanguinity), the patient should be

offered genetic counseling and germline mutation testing.

Magnesium disorders

Magnesium regulates PTH secretion (80). Magnesium

binds to and activates the CaSR and decreases PTH syn-

thesis and secretion. Magnesium is also involved in the

activation of adenylyl cyclase and in intracellular signaling

by cAMP. Activating mutations of the CASR result in

hypocalcemia, hypomagnesemia, and low PTH levels.

In CKD (stages 4–5), urinary magnesium excretion

decreases, resulting in hypermagnesemia. Hypermag-

nesemia also occurs with lithium therapy or after excessive

ingestion or iv administration of magnesium (eg, as toco-

lytic therapy). Inactivating mutations of the CASR (famil-

ial hypocalciuric hypercalcemia type 1) result in hypercal-

cemia, hypermagnesemia, and high normal PTH levels.

Hypermagnesemia may cause hypocalcemia due to the

inhibition of PTH release. Very low serum concentrations

of magnesium, however, can also markedly decrease PTH

secretion and mimic PTH deficiency. Hypomagnesemia

may be due to decreased intake, decreased absorption,

increased losses, and redistribution (44).

Mutations in the epithelial cation channel TRMP6 re-

sult in familial hypomagnesemia with secondary hypocal-

cemia with decreased intestinal magnesium absorption

and increased renal magnesium losses (81). Mutations in

claudin-16 and claudin-19 result in familial hypomag-

nesemia with hypercalciuria and nephrocalcinosis (82).

Long-term proton pump inhibitor therapy may result in

hypomagnesemia due to enhanced gastrointestinal mag-

nesium losses, possibly due to inhibition of TRPM6-me-

diated active transport of magnesium, as a consequence

of altered intestinal pH (83, 84). Diuretics, certain anti-

biotics, calcineurin inhibitors, and epidermal growth fac-

tor receptor antagonists may down-regulate TRPM6,

thereby, increasing urinary magnesium losses (85). Acti-

vating mutations of the CASR result in hypocalcemia,

hypomagnesemia, and low normal PTH (86). Severe hy-

pomagnesemia can be corrected by higher intake of mag-

nesium, which corrects the functional hypoparathyroid-

ism. More detailed information about disorders of

magnesium homeostasis is presented in Supplemental

Table 2.

Other causes of hypoparathyroidism

Once postsurgical and genetic etiologies of hypopara-

thyroidism (both syndromic and nonsyndromic) and mag-

nesium depletion and excess are excluded, there remain

only a few conditions that cause the disorder (87). Infil-

trative diseases like Wilson’s disease (copper deposition)

(88–90) and hemochromatosis (iron deposition) can pro-

duce hypoparathyroidism. Iron overload can be due either

to primary hemochromatosis or secondary to chronic

transfusions as in patients with thalassemia. Tissue depo-

sition of iron in these settings can produce hypoparathy-

roidism. When hypoparathyroidism occurs, it is often

accompanied by other endocrinopathies such as diabetes,

hypothyroidism, osteoporosis, and hypogonadism (91–
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98). The prevalence of hypoparathyroidism in cohorts of

patients with thalassemia undergoing chronic transfu-

sions and iron chelation therapy varies from approxi-

mately 10–24%. The rate of this complication, like others

in states of iron overload, decreases with aggressive che-

lation and is increased when serum ferritin levels are

�2500 �g/L (95). Rarely, hypoparathyroidism is due to

destruction of the glands by infiltrating secondary tumors

(99, 100) or by ionizing radiation (101, 102).

Conclusions

In conclusion, hypoparathyroidism is a rare endocrine dis-

ease, most frequently due to surgical damage to the para-

thyroid glands. Patients undergoing thyroid surgery are at

risk for postsurgical hypoparathyroidism and should rou-

tinely have serum calcium and intact PTH levels assessed

either 4 to 6 hours after surgery or within 24 hours of

surgery. If the serum total calcium concentration is �2.0

mM and if PTH is �10–15 pg/mL, then the patient, inde-

pendent of the extent of resection and type of disease, has

a greater risk of permanent hypoparathyroidism.

Hypoparathyroidism can also be due to destruction by

an autoimmune mechanism or the toxicity from tissue

overloading by such agents as iron or copper. Severe mag-

nesium deficiency may be responsible for reversible func-

tional hypoparathyroidism and respond to magnesium

repletion. A large number of genetic diseases can cause

either isolated or syndromic forms of hypoparathyroid-

ism. An affected patient will likely require the input of

specialists to guide genetic testing, treatment, and family

planning.

The long-term consequences of hypoparathyroidism

can be substantial. Several studies report impaired QoL in

patients treated for hypoparathyroidism with calcium and

vitamin D, and preliminary data suggest that PTH therapy

may improve QoL. The most severe long-term conse-

quences of hypoparathyroidism treated with oral calcium

and active vitamin D supplements are due to ectopic cal-

cification of soft tissues. The risk of kidney stones, nephro-

calcinosis, and even renal failure is markedly increased.

Patients should be monitored for renal dysfunction by re-

nal ultrasonography and regular biochemical assessment

of renal function. These patients are also at an increased

lifetime risk of hypocalcemic seizures and calcification of

the basal ganglia. Hypoparathyroid patients chronically

treated with calcium and vitamin D have higher BMD and

lower bone turnover, but it is presently unclear if this im-

pacts fracture risk.
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