
REVIEW

Evaluation and Management of Primary
Hyperparathyroidism: Summary Statement and
Guidelines from the Fifth International Workshop
John P. Bilezikian,1 Aliya A. Khan,2 Shonni J. Silverberg,1 Ghada El-Hajj Fuleihan,3

Claudio Marcocci,4 Salvatore Minisola,5 Nancy Perrier,6 Antonio Sitges-Serra,7

Rajesh V. Thakker,8 Gordon Guyatt,9 Michael Mannstadt,10 John T. Potts,10 Bart L. Clarke,11 and
Maria Luisa Brandi,12 On behalf of the International Workshop on Primary Hyperparathyroidism
1Division of Endocrinology, Department of Medicine, Vagelos College of Physicians and Surgeons, Columbia University, New York, NY, USA
2Division of Endocrinology and Metabolism, McMaster University, Hamilton, ON, Canada
3CalciumMetabolism andOsteoporosis Program,WHOCC for Metabolic Bone Disorders, Division of Endocrinology, American University of Beirut,
Beirut, Lebanon

4Department of Clinical and Experimental Medicine, University of Pisa, Endocrine Unit 2, University Hospital of Pisa, Pisa, Italy
5Department of Clinical, Internal, Anaesthesiologic and Cardiovascular Sciences, ‘Sapienza’, Rome University, Rome, Italy
6Department of Surgical Oncology, University of Texas MD Anderson Cancer Center, Houston, Texas, USA
7Department of Surgery, Universitat Autònoma de Barcelona, Barcelona, Spain
8Academic Endocrine Unit, Radcliffe Department of Medicine, University of Oxford, Oxford Centre for Diabetes, Endocrinology and Metabolism
(OCDEM), Churchill Hospital, Oxford, UK

9Department of Health Research Methods, Evidence and Impact, McMaster University, Hamilton, ON, Canada
10Endocrine Unit, Department of Medicine, Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA
11Mayo Clinic Division of Endocrinology, Diabetes, Metabolism, and Nutrition, Mayo Clinic, Rochester, MN, USA
12Fondazione Italiana sulla Ricerca sulle Malattie dell’Osso (F.I.R.M.O. Foundation), Florence, Italy

ABSTRACT
The last international guidelines on the evaluation and management of primary hyperparathyroidism (PHPT) were published in 2014.
Research since that time has led to new insights into epidemiology, pathophysiology, diagnosis, measurements, genetics, outcomes,
presentations, new imagingmodalities, target and other organ systems, pregnancy, evaluation, andmanagement. Advances in all these
areas are demonstrated by the reference list in which the majority of listings were published after the last set of guidelines. It was thus,
timely to convene an international group of over 50 experts to review these advances in our knowledge. Four Task Forces considered:
1. Epidemiology, Pathophysiology, andGenetics; 2. Classical andNonclassical Features; 3. Surgical Aspects; and 4.Management. For Task
Force 4 on theManagement of PHPT, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE)methodology
addressed surgical management of asymptomatic PHPT and non-surgical medical management of PHPT. The findings of this systematic
review that applied GRADE methods to randomized trials are published as part of this series. Task Force 4 also reviewed a much larger
body of new knowledge from observations studies that did not specifically fit the criteria of GRADE methodology. The full reports of
these 4 Task Forces immediately follow this summary statement. Distilling the essence of all deliberations of all Task Force reports
andMethodological reviews, we offer, in this summary statement, evidence-based recommendations and guidelines for the evaluation
andmanagement of PHPT. Different from the conclusions of the last workshop, these deliberations have led to revisions of renal guide-
lines and more evidence for the other recommendations. The accompanying papers present an in-depth discussion of topics summa-
rized in this report. © 2022 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American
Society for Bone and Mineral Research (ASBMR).
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Summary of Recommendations

The following recommendations are intended to guide prac-
tice and are not intended to be used for the development

of reimbursement policies. With the exception of reference 4,
which was based, in part, upon Grading of Recommendations,
Assessment, Development, and Evaluations (GRADE) analysis,
all others either did not address issues of diagnsois, progosis,
or therapy and/or the available data were evaluated without
using GRADE methods (1–3, 5–9). The GRADE approach was
applied only to the systematic reviews but not to the process
of moving from evidence to recommendations. The approach
to GRADE methodology is summarized in Methods.

1. How should primary hyperparathyroidism (PHPT) be
diagnosed?
1.1. Hypercalcemic PHPT: an elevated serum calcium

adjusted for albumin in the presence of an elevated
or inappropriately normal intact parathyroid hormone
(PTH) (utilizing either a second or third generation
assay) on two occasions at least 2 weeks apart.

1.2. What is the differential diagnosis of hypercalcemia and
elevated levels of PTH?
1.2.1. Familial hypocalciuric hypercalcemia (FHH) may

be suspected in younger individuals with a uri-
nary calcium /creatinine clearance ratio <0.01
and/or those with a family history of
hypercalcemia.

1.2.2. Thiazide diuretics and lithium (see text)
1.2.3. Ectopic secretion of PTH (very rare)

1.3. Normocalcemic PHPT: normal adjusted total calcium
and normal ionized calcium levels along with elevated
intact PTH (utilizing either a second or third generation
assay) on at least two occasions over 3–6 months after
all alternative causes for secondary hyperparathyroid-
ism have been ruled out.

2. What are the clinical phenotypes of PHPT?
2.1. Symptomatic PHPT: associated with overt skeletal and

renal complications that may include osteitis fibrosa
cystica and/or fractures, chronic kidney disease,
nephrolithiasis and/or nephrocalcinosis

2.2. Asymptomatic PHPT: no overt symptoms or signs; typi-
cally discovered by biochemical screening. Two forms
of asymptomatic PHPT are defined after evaluation:
2.2.1. with target organ involvement
2.2.2. without target organ involvement

2.3. Normocalcemic PHPT: Skeletal or renal complications
may or may not exist in those whose presentation fits
this definition.

3. How should patients with PHPT be evaluated?
3.1. Biochemical: Measure adjusted total serum calcium

(ionized if normocalcemic PHPT is a consideration),
phosphorus, intact PTH, 25OHD, creatinine

3.2. Skeletal: Three-site dual-energy X-ray absorptiometry
(DXA) (lumbar spine, hip, distal 1/3 radius); imaging
for vertebral fractures (vertebral fracture assessment
[VFA] or vertebral X-rays); trabecular bone score (TBS)
if available

3.3. Renal: Estimated glomerular filtration rate (eGFR) or,
preferably, creatinine clearance, 24-hour urinary

calcium and for biochemical risk factors for stones;
imaging for nephrolithiasis/nephrocalcinosis

3.4. Nonclassical manifestations (neurocognitive, quality of
life, cardiovascular): there are no data to support rou-
tine evaluation for these putative manifestations

3.5. Genetic: genetic evaluation should be considered for
patients <30 years old, those with multigland disease
by history or imaging, and/or those with a family his-
tory of hypercalcemia and/or a syndromic disease

4. What are the indications and role for surgicalmanagement
of asymptomatic PHPT? (GRADEd Recommendation)

In patients with asymptomatic PHPT, we recommend surgery
to cure the disease (strong recommendation/high quality
evidence).

5. For which patients is parathyroidectomy an option?
5.1. Although parathyroidectomy is an option for all patients,

with concurrence of the patient and the physician and if
there are no contraindications, the panel recommends
surgery in all those in whom one or more of the follow-
ing is present (including those who are asymptomatic):
5.1.1. Serum calcium >1 mg/dL (0.25 mmol/L) above

the upper limit of normal or
5.1.2. Skeletal involvement:

5.1.2.1. A fracture by VFA or vertebral X-ray or
5.1.2.2. Bone mineral density (BMD) by T-score

≤ !2.5 at any site or
5.1.3. Renal involvement:

5.1.3.1. eGFR or creatinine clearance
<60 mL/min

5.1.3.2. Nephrocalcinosis or nephrolithiasis by
X-ray, ultrasound, or other imaging
modality

5.1.3.3. Hypercalciuria (eg, >250 mg/day in
women; >300 mg/day in men) or.

5.1.4. Age <50 years (no other indications are
necessary; age <50 years is a sufficient
indication)

5.2. Surgery should be performed by an experienced para-
thyroid surgeon

5.3. Surgery cannot be recommended to improve neuro-
cognitive function, quality of life, and/or cardiovascular
indices because the evidence is inconclusive.

6. What is the role of preoperative imaging and intraopera-
tive PTH measurements? Panel recommendations
6.1. Preoperative imaging is not recommended for diagnos-

tic purposes.
6.2. Preoperative imaging is recommended for those who

are going to have parathyroid surgery in order to
locate the abnormal parathyroid gland(s).

6.3. Preoperative imaging modalities include high resolu-
tion neck ultrasound, technetium-99 m-sestamibi sub-
traction scintigraphy, and contrast-enhanced four-
dimensional (4D) computed tomography (CT).

6.4. With successful preoperative imaging, selective para-
thyroidectomy, combined or not with intraoperative
PTH monitoring, achieves high cure rates in the hands
of experienced surgeons.

6.5. Advantages of the selective approach include: shorter
operative time, less tissue scarring, less risk to
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surrounding structures, and reduced hospital costs. No
head-to-head comparisons are available.

7. What is the role of nonsurgical, medical management of
PHPT?

Patients with PHPT who do not meet guidelines for parathy-
roidectomy (see 5 above) can be followed without pharmacologi-
cal intervention. For those who choose not to have surgery, but
who meet specific guidelines (e.g., calcium or bone mineral den-
sity), medical options are available as recommended by the Panel.

7.1. Cinacalcet to reduce the serum calcium concentration
into the normal range.

7.2. Calcium intake/supplementation should follow the
Institute of Medicine nutritional guidelines: 800 mg/
day for women <50 and men <70 years old; 1000 mg/
day for women >50 and men >70 years old.

7.3. Vitamin D supplementation: the panel recommends
levels of 25OHD >30 ng/mLand < theupper limit of nor-
mal for the laboratory reference range (eg, <50 ng/mL).

7.4. Alendronate or denosumab can be used to increase
bone density if there are no contraindications.

7.5. Estrogen has been shown to increase BMD. Its effect on
the reduction of serum calcium is inconsistent.

7.6. Raloxifene cannot be recommended because the data
are insufficient to reach any conclusions.

8. How should normocalcemic PHPT be managed? Panel
recommendations
8.1. Because of limited data, we cannot recommend guide-

lines for surgery in normocalcemic PHPT at this time.

9. What monitoring plan is recommended in patients who
do not undergo PTX? Panel recommendations
9.1. Serum calcium and 25OHD concentrations: annually.

PTH levels can also bemeasured, as clinically indicated.
9.2. Skeletal:

9.2.1. Three-site DXA every 1 or 2 years unless the
BMD is normal (see text)

9.2.2. Vertebral X-ray, VFA, or TBS if clinically indicated
9.3. Renal:

9.3.1. Creatinine clearance (preferred over eGFR),
annually

9.3.2. Abdominal imaging (X-ray, CT, or ultrasound) if
clinically indicated

9.3.3. 24-Hour urine for calcium, if clinically indicated.

10. When should surgery be recommended in those who are
being monitored? Panel recommendations
10.1. Serum calcium becomes consistently >1 mg/dL

(0.25 mmol/L) above the upper limit of normal.
10.2. A low trauma fracture.
10.3. A kidney stone.
10.4. A significant reduction in BMD to a T-score ≤ !2.5 at

any site.
10.5. A significant reduction in creatinine clearance.

11. In patients who meet surgical guidelines but do not
have surgery what non-surgical approaches are reason-
able? Panel recommendations.
11.1. Calcium intake should be consistent with nutritional

guidelines

11.2. Vitamin D should be maintained >30 ng/mL. Cau-
tious supplementation with parental forms of vita-
min D (eg, cholecalciferol) is advised, as clinically
indicated.

11.3. When indicated to reduce the serum calcium, cina-
calcet is effective

11.4. When indicated to increase BMD, bisphosphonates
or denosumab can be used

11.5. When indicated to lower the serum calcium and to
increase BMD bisphosphonates or denosumab in
combination with cinacalcet can be considered.

12. How should PHPT be managed during pregnancy?
Panel recommendations
12.1. Mild cases should be managed by maintaining good

hydration and monitoring calcium levels
12.2. Bisphosphonates and denosumab should not

be used
12.3. Data are very limited on use of cinacalcet
12.4. Consider surgery in the second trimester for patients

with serum calcium >11.0 mg/dL and for whom sur-
gery is not contraindicated

12.5. Preoperative imaging should be limited to
ultrasound

12.6. If surgery is deferred, the neonate should be closely
monitored for hypocalcemia

12.7. If surgery is deferred, PTX should be done after deliv-
ery, and before a subsequent pregnancy.

Introduction

The last international guidelines on the evaluation and manage-
ment of primary hyperparathyroidism (PHPT) were published in
2014.(1) Since that time, advances in our understanding of the
disease in its many clinical, pathophysiological, and therapeutic
aspects have led to new insights into this common endocrine
disorder. The new information is documented by the references
a majority of which have been published since 2013. These new
insights encompass epidemiology, outcomes, genetics, physiol-
ogy, pathophysiology, presentations, new imaging modalities,
target and other organ systems diagnosis, measurements, preg-
nancy, evaluation, and management. To incorporate these
advances into guidelines for its evaluation and management,
an international group was convened. It consisted of over
50 experts whose knowledge of this disease is broad, deep,
and current. In addition, some aspects of this comprehensive
review lent themselves to systematic reviews using Grading of
Recommendations, Assessment, Development, and Evaluations
(GRADE) methodology.(2) Altogether, the efforts of the workshop
led to seven manuscripts, along with an editorial, that constitute
this series. Four papers provide an evidence-based review of the
Epidemiology, Pathophysiology, and Genetics of PHPT(3); Classi-
cal and Nonclassical Manifestations(4); Surgical Aspects(5); and
Management(6); as well as one document following GRADE
methodology for surgical and medical management of PHPT.(7)

A paper describing the methodology of the evidence-based
reviews is also included in this series.(8)

The summary statement maintains or revises the guidelines,
based upon the expanded database of evidence currently avail-
able. In this report, we present a distillation of this information as
a summary statement of conclusions and guidelines for the
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evaluation and management of PHPT. Despite the progress of
the past several years, we recognize the need for more research
to augment our current knowledge base. Thus, this summary
statement also provides a blueprint for future research in this
disease.

Methods

Co-chairs of the four Task Forces worked entirely virtually over an
18-month period, because of the coronavirus disease 2019
(COVID-19) pandemic. Meetings were held in virtual platforms
regularly with specific tasks designated to individuals or subsets
of Task Force Members. A comprehensive review of the literature
was undertaken by each of the Task Forces using search engines
that are described individually in the papers. They included
PubMed, Medline, Embase, and Cochrane.

The search included systematic reviews, meta-analyses, and a
targeted search for original publications, references to this field
extended to 1940 for historical reference but more recently,
since 1970 for all other aspects of PHPT.

For questions specifically related to surgical andmedical man-
agement of PHPT, GRADE methodology was employed.(8)

GRADEd recommendations followed a structured process that
included framing questions in patient/intervention/compara-
tor/outcome format; conduct of a systematic evidence search
and associated summary; specification of values and prefer-
ences; and classifying and presenting recommendations as
strong or weak with the corresponding quality of evidence. A
strong recommendation was made when the desirable effects
were much greater then undesirable effects or vice versa. The
word “recommend” is applied to systematic reviews that reach
this conclusion. A weak recommendation was made if there
was low certainty of evidence or a close balance between desir-
able and undesirable effects. The word, “suggest” is applied to
systematic reviews that reach this conclusion.

Recognizing that this rigorous approach to evidence-based
review may necessarily omit worthy observations, due to the
screening criteria for selection, the evidence from the GRADE
methodology was amplified in order to incorporate other note-
worthy observations. When recommendations based upon nar-
rative reviews are made, the terms “the Panel recommends” or
“the Panel proposes” or “Panel Recommendations (ungraded)”
clearly distinguish these ungraded recommendations from the
recommendations based upon the systematic reviews.

The Steering Committee (JPB, AAK, MLB, BC, MM, and JTP)
organized the Task Forces with two co-chairs designated for
each of the workshops (RVT and SM for Epidemiology, Patho-
physiology, and Genetics; GEHF and CM for Classical and Non-
classical manifestations; NP and AS-S for Surgical Aspects; JPB
and SJS for Evaluation and Management). In collaboration with
these Task Force co-chairs, Task Force members were appointed.
Participants were chosen from a roster of experts in PHPT as evi-
denced by their international standing, publication record, and
by their ongoing contributions to our understanding of this dis-
ease. We were mindful of the need for international representa-
tion as well as a balance of gender, diversity, and age. We had to
necessarily limit the number of participants, nine to 12 per task
force, in order to ensure optimal efficiency of this project. They
are acknowledged in this report. The methodological reviews
were led by one of the co-authors (GG).

After drafts of each paper were prepared, a meeting was held
of PHPT Task Force members and also those involved in the

companion effort on the evaluation and management of hypo-
parathyroidism.(9–13) Task Forces members constituting the
hypoparathyroidism initiative were comprised of a similarly large
group of experts. A virtual meeting was held next, attended by
representatives from all societies, organizations, and patient
advocacy groups that expressed interest in our work with a view
toward endorsing the guidelines. Recommendations from both
meetings, each attended by about 100 individuals, were consid-
ered in revising and finalizing the papers that form the basis for
this summary statement(3–8) and their integration into this sum-
mary statement. The document was circulated to all organiza-
tions during a 6-week to 8-week comment period. The
organizations that have endorsed these guidelines are listed at
the end of the reference section.

The abbreviations follow standard guidelines of the Journal of
Bone and Mineral Research (JBMR).

Measurement of phosphate

Chemistry laboratories measure phosphate as elemental phos-
phorus. Although both phosphate and phosphorus are often
used interchangeably, in this paper we use phosphorus when
the term is used to describe the measurement of elemental
phosphorus contained in the serum phosphate.(14)

Results

Epidemiology

The reported incidence and prevalence of PHPT in the
United States and Europe increased with the advent of auto-
mated chemistry panels that routinely measure serum calcium
concentration.(15–19) Recent estimates of age-adjusted preva-
lence in the United States are 233 and 85 per 100,000 women
and men, respectively.(16) The cohort of individuals whose PHPT
was identified in this way, namely by biochemical screening
without any known antecedent clinical features of PHPT, consti-
tute individuals with asymptomatic PHPT. When parathyroid
hormone (PTH) became a routine measurement in individuals
with osteoporosis but without hypercalcemia, recognition of
the normocalcemic variant became evident.(20) In countries
where screening is not routine, PHPT tends to present less com-
monly and as a more symptomatic disease.(21–27) In countries
where screening becomes more routine, the incidence rises
along with a presentation that is more likely to be asymptom-
atic.(28–31) Thus, the change in clinical profile toward the asymp-
tomatic and even the normocalcemic variants of PHPT can be
accounted for by evolving clinical paradigms of population
screening as well as healthcare system practices.

Severe, classical PHPT is associated with increased mortality.
Acute PHPT, a condition associated with the presentation of
life-threatening hypercalcemia, led to an estimated mortality of
about 60% in reports prior to 1970.(32) However, this presenta-
tion appears to be associated with a 10-fold lower risk (6%) of
death in subsequent reports.(32) The impact of less severe forms
of PHPT, such as asymptomatic PHPT, on survival is uncertain.
Some reports, even when the serum calcium is only mildly ele-
vated, have noted an increase in mortality, primarily from cardio-
vascular disease or cancer.(33–39) Other studies have not
confirmed this point.(40,41) A number of variables, none of which
has been clearly linked to mortality, include hypercalcemia per
se,(40,42,43) disease severity or gland size,(34,41) PTH levels,(39,41–
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43) and age.(38,40–43) Causality between PHPT and mortality
remains uncertain.

Physiology and pathophysiology

Clonally dysregulated overgrowth of parathyroid tissue with
excessive secretion of PTH, along with reduced expression of
the cell surface calcium sensing receptor (CaSR), are major path-
ophysiological features of PHPT.(44,45) They perturb normal con-
ditions in which PTH maintains a constant extracellular ionized
calcium level with very little variability within the normal
range.(46) The parathyroid glands sense the concentration of
extracellular calcium via the CaSR. Although it also recognizes
other divalent cations, Ca++ is the most sensitive.(47) Activation
of the CaSR inhibits PTH secretion, PTH gene expression, and
parathyroid cell proliferation.(48–51) PTH secretion is also regu-
lated by 1,25(OH)2D via its receptor.(52) The CaSR may also play
a role in the activation of 1,25(OH)2D in the parathyroid cell.(53)

The kidney CaSR promotes calcium excretion from the cortical
thick ascending limb of the Loop of Henle.

PTH defends against hypocalcemia by stimulating renal reab-
sorption of calcium, suppressing renal reabsorption of phos-
phate, increasing bone resorption, and stimulating intestinal
calcium absorption by increasing the production of 1,25(OH)2D
in the proximal renal tubule.(46,52,54,55) The gut microbiota may
influence the ability of PTH to stimulate bone metabolism.(56)

An abnormality in any of these physiologic processes contrib-
utes to the pathophysiology of PHPT. In particular, the set point
for calcium-induced inhibition of PTH secretion is higher than
normal, the rate of bone resorption is accelerated, renal tubular
reabsorption of calcium is facilitated, and intestinal calcium
absorption is increased.(47,55) Reduced renal phosphate reab-
sorption can lead to hypophosphatemia.(54)

Sporadic PHPT is most often caused by a single benign para-
thyroid adenoma (85%), less often by multiple parathyroid gland
involvement (hyperplasia and less frequently synchronous or
asynchronous adenomas [15%]), and very rarely by parathyroid
carcinoma (<1%).(57,58) Atypical parathyroid adenomas, in which
the histology can have features of malignancy in the absence of
unequivocal evidence of invasive growth, or hyperplasia, are
included in this breakdown.(59) Multigland disease is more likely
to have a genetic or hereditary basis. Multigland disease is also a
feature of lithium-associated PHPT.(60) Parathyroid cancer is a
very rare cause of PTH-associated hypercalcemia.(58) Its clinical
characteristics are typically those related to the phenotype of
symptomatic PHPT withmarked hypercalcemia and target organ
involvement.

Clinical consequences of dysregulated parathyroid
function

Dysregulated PTH function, due to clonally abnormal, overactive
parathyroid tissue leads to hypercalcemia, the classic biochemi-
cal feature of PHPT.(4,44,45) In many patients, the hypercalcemic
state, typically within 1 mg/dL of the upper limit of normal,
remains stable for years.(57) However, rapidly increasing serum
calcium levels can also occur.(60,61) Volume depletion (eg, dehy-
dration), immobilization, or intercurrent illness are all important
predisposing factors. As we now appreciate, on the other hand,
PHPT can present without hypercalcemia.(4) Although biochem-
ically more benign, as will be described subsequently, normocal-
cemic PHPT is also associated with significant issues related to
the target organs of PTH.(20)

The clinical consequences of these abnormal pathophysiolog-
ical aspects of PHPT lead to a number of potential outcomes. An
increase in bone resorption leads to bone loss at cortically
enriched skeletal sites such as the distal radius and hip
regions.(62) Overall fracture risk is accounted for by these overt
actions at cortical sites but also by more subtle abnormalities at
trabecular bone.(63–66) Overstimulation of renal 1-alpha-
hydroyxlase leads to increased production of 1,25(OH)2D, which
accounts, in part, for hypercalciuria when calcium absorption
from the gastrointestinal (GI) tract is facilitated. The increased
renal flux of calcium places these patients at risk for nephrolithia-
sis and nephrocalcinosis.(67–70) Off-target involvement regarding
cardiovascular disease, hypertension, and metabolic derange-
ments are covered later, as well as putative neurocognitive
abnormalities.

Genetics of PHPT

Studies of syndromic and nonsyndromic forms of familial PHPT
have helped to identify genetic abnormalities involved in para-
thyroid tumorigenesis. More than 10% of patients with PHPT will
have a mutation in one of 10 genes that have been impli-
cated.(3,71) The genetics of PHPT are delineated in an accompa-
nying report.(3) Testing for mutations in these genes, which is
routinely available, can facilitate the diagnosis of a syndromic
or nonsyndromic form of PHPT, and thereby help in the clinical
management and treatment of PHPT patients and their relatives.
Although confirmation of the clinical diagnosis of PHPT does not
require genetic testing, and should not be a criterion for diagno-
sis, nevertheless, elucidation of genetic abnormalities can help in
the following ways:

1. If the diagnosis is the hyperparathyroidism jaw tumor (HPT-
JT) syndrome, early parathyroidectomy (bilateral exploration)
is indicated because of the increased risk of parathyroid
carcinoma.

2. If the diagnosis is multiple endocrine neoplasia type 1 (MEN1)
or MEN2, a bilateral neck exploration is needed. Selective
parathyroidectomy is contraindicated because of the pres-
ence of multiglandular disease in these patients.

3. In patients whose genetic testing reveals hypocalciuric hyper-
calcemia (FHH), surgery is contraindicated in most cases.

4. Genetic testing helps to identify family members who may or
may not be at risk. Genetic counseling and evaluation, thus,
should be considered for patients <30 years with PHPT, those
with multigland disease by history or imaging, those with a
family history of hypercalcemia or syndromic diseases such
as MEN1, MEN2A, MEN4, or HPT-JT syndrome,(3,71) and in
patients with atypical parathyroid adenoma and parathyroid
carcinoma.(58,59)

In nonfamilial forms of PHPT, common single-nucleotide poly-
morphisms (SNPs) within the CaSR cytoplasmic domain may
influence the clinical severity of PHPT.(72,73) Reduced parathyroid
CaSR expression commonly occurs in PHPT and may arise from
epigenetic alterations of the CASR promoter region.(44,45) Forma-
tion of heteromers comprising the CaSR and gamma-
aminobutyric acid B1 receptor (GABAB1R) may contribute to
PTH hypersecretion in PHPT.(74)

Genetic factors may contribute to the development of renal
calculi in PHPT. Patients harboring the AGQ haplotype of the
CaSR have been found to be at a greater risk of developing renal
calculi, whereas those with the SRQ haplotype having a lower
risk.(75) However, more confirmatory data are required to secure
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these observations. It is premature to be recommending evalua-
tion of these haplotypes of the calcium-sensing receptor to iden-
tify the risk for renal calculi in patients with PHPT. In addition,
these genetic forms of PHPTmay have their own unique features
of skeletal involvement.(76)

Diagnosis of primary PHPT

In PHPT, PTH secretion is inappropriately high for the serum cal-
cium concentration, but at times the PTH level may be within the
laboratory reference range. Conversely, as noted below, in nor-
mocalcemic PHPT, the PTH level is consistently elevated above
the normal reference range. The serum calcium should be con-
sidered with regard to the serum albumin with adjustments to
be made if this major calcium binding protein is below 4 g/dL.
Because calcium bound to albumin constitutes approximately
50% of the total circulating calcium concentration, low albumin
levels can lead to a lower total calcium level and one that does
not reflect accurately the ionized calcium, which represents the
other major circulating form of calcium.(77) An upward correction
factor of 0.8 is generally used for every g/dL reduction in the
serum albumin below 4 g/dL.(78–80) Adjustment by this same fac-
tor for albumin levels above 4 g/dL is not as clear. If an accurate
ionized calcium analyzer is available, such uncertainties due to
variability in albumin can be eliminated.(81) An ionized calcium
determination is even more relevant when the total serum cal-
cium is normal, but the PTH level is elevated.(82) Serum phospho-
rus may be low or low-normal due to the phosphaturic effect of
excess PTH.

Differential diagnosis

When concurrent measurements of serum total calcium and
intact PTH levels are both clearly above normal, it is highly likely
that the patient has PHPT. The definition of PHPT presumes that
the patient does not have end-stage kidney disease in which
these same biochemical abnormalities can signal the existence
of tertiary hyperparathyroidism. When the PTH is technically nor-
mal, it is also clearly evident that PHPT is the diagnosis in hyper-
calcemic patients, for reasons already elucidated. It is extremely
rare for the hypercalcemia associated with malignant tumors to
be associated with the ectopic secretion of PTH. More often,
hypercalcemia in this setting is due to the secretion of PTH-
related protein (PTHrP). Because assays for PTHrP and PTH do
not cross-react, the hypercalcemia associated with malignancy
is rarely confused with PHPT. Biotin supplements may interfere
with the accuracy of some PTH assays, leading to a falsely low
determination. Thus, discontinuation of biotin for at least
48 hours prior to PTH measurement has been suggested.(83)

Another aspect of the differential diagnosis is FHH. The urinary
calcium /creatinine clearance ratio may be helpful as a distin-
guishing point. A clearance ratio of <0.01 favors a diagnosis of
FFH (it is present in 70%–80% of subjects with FHH). Up to 20%
of patients with PHPT can have a calcium-creatinine clearance
(Ca/Cr Cl) ratio <0.01 and up to 10% of patients with FHH can
have Ca/Cr Cl ratio >0.02, a range that is more commonly seen
in PHPT. About 40% of patients with either disease can have
values between 0.01 and 0.02.(84–87)

Another point to bear inmind is that urinary calciummeasure-
ments are not likely to be accurate if patients are on lithium or
thiazide diuretics. Vitamin D deficiency or chronic kidney disease
can also be associated with reduced urinary calcium excretion.
FHH becomes an important point to consider in patients whose

hypercalcemia is lifelong, if they are under 30 years old, or have a
family history of hypercalcemia.(3) As noted above, genetic test-
ing is indicated when FHH is a consideration. Another differential
point related to lithium or thiazides is that either medication can
be associated with hypercalcemia and PTH level above normal.
More often than not, the history of these medications leads to
a diagnosis of PHPT. If the medication is withdrawn, and the
serum calcium is retested several months later, hypercalcemia
is likely still to be present. Lithium-associated PHPT may also fea-
ture thyroid dysfunction and impaired renal function.(88)

Previously, the distinction between secondary hyperparathyr-
oid states, such as Stage 3–5 chronic kidney disease, vitamin D
deficiency, calcium malabsorption, bisphosphonate or denosu-
mab use, and PHPT was clear because the serum calcium in sec-
ondary hyperparathyroidism states is usually normal or low.
However, with recognition of normocalcemic PHPT, these other
entities must be considered and ruled out if a diagnosis of normo-
calcemic PHPT is to bemade. If the serum calcium concentration is
low, as can be seen in secondary hyperparathyroid states, normo-
calcemic PHPT is ruled out. It is when the serum calcium is normal
that these secondary causes need consideration vis-à-vis the diag-
nosis of normocalcemic PHPT. Also, to be considered in the differ-
ential diagnosis of hypercalcemia and high PTH levels is tertiary
hyperparathyroidism, a clinical state due to evolution of long-
standing secondary hyperparathyroidism, such as malabsorption
syndromes (eg, active celiac disease, extensive bowel resection,
gastric bypass surgery) or uncontrolled renal insufficiency, into a
hypercalcemic state. Tertiary hyperparathyroidism is readily iden-
tified by the clinical context in which the hypercalcemia presents.

Noteworthy among causes of hypercalcemia is hypercalcemia
of malignancy due to osteolytic metastases or by tumors produc-
ing excess PTHrP, or 1,25(OH)2D.

(6) Granulomatous diseases, such
as sarcoidosis and tuberculosis, can produce hypercalcemia by
production of 1,25(OH)2D

(89,90) These hypercalcemic states are
all characterized by suppressed parathyroid hormone levels.
Thus, the differential diagnosis of hypercalcemia hinges impor-
tantly on the measurement of PTH. Only when the PTH is sup-
pressed does a search for causes on this list become relevant.

Clinical presentations of PHPT

Symptomatic hypercalcemic PHPT

Prior to the development, in the 1970s, of standardized blood
chemistry panels that included serum calcium, PHPT typically
came to clinical attention when patients presented with a con-
stellation of skeletal and renal complications that included bone
pain due to osteitis fibrosa cystica and fractures, chronic kidney
disease due to nephrocalcinosis, and renal colic associated with
nephrolithiasis.(91) Neuromuscular manifestations with proximal
myopathy were also common. Other complications include pan-
creatitis, parathyrotoxic crisis, and, rarely, spontaneous neck
hematoma due to a ruptured parathyroid adenoma.(92) This
“classical” form of PHPT is now uncommon in developed coun-
tries, but still is relatively common in regions of the world where
laboratory screening tests including calcium levels are not mea-
sured as part of standard medical practice.(93)

Asymptomatic hypercalcemic PHPT

Where biochemical screening is commonly performed, most
patients with PHPT come to clinical attention when hypercalcemia
is found unexpectedly in the context of an investigation of an unre-
lated problemor simply upon routine testing. If the PTH level is also
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found to be high, or even in the normal range, themost likely diag-
nosis is asymptomatic hypercalcemic PHPT. It is important to distin-
guish this terminology from involvement of target organs thatmay
become apparent after patients are evaluated. For example, dis-
covery of low bone density by dual-energy X-ray absorptiometry
(DXA) or a kidney stone by ultrasound, does not redefine these
patients as symptomatic but rather the terminology is modified
to indicate that they have target organ involvement. It is thus, use-
ful, to consider this form of PHPT in two ways: those with or those
without evidence for target organ involvement after a standard
evaluation. They are both “asymptomatic” because they did not
come to attention because of clinically evident target organ
involvement. This refinement of the terminology preserves the
term, symptomatic PHPT, which is reserved for those individuals
who are truly symptomatic as noted.(4)

Normocalcemic PHPT

PTH levels may be measured in the evaluation of medical condi-
tions such as osteoporosis, low bone mass, or nephrolithiasis.
Normocalcemic PHPT (NPHPT) is characterized by persistently
normal albumin-adjusted total and ionized serum calcium levels,
accompanied by elevated levels of PTH on at least two consecu-
tive measurements, over a 3-month to 6-month period. Esti-
mated recent prevalence figures place it at 0.18% among those
referred for measurement of bone mineral density (BMD).(94)

Given that these patients are often discovered in the context of
an evaluation for kidney stones or low bone density, selection
bias may render these estimates inaccurate. Other diseases and
drugs that cause high levels of PTH, namely secondary hyper-
parathyroidism, should be excluded. The 24-hour urinary cal-
cium is normal.(5) Patients with NPHPT may have evidence of
skeletal or renal involvement (eg, osteoporosis, nephrolithiasis).
The natural history of NPHPT is unclear in part because studies
have not always used consistent diagnostic criteria nor a regular
follow up at defined time points to determine possible progres-
sion to hypercalcemia.(94–99) A caveat to describing this entity,
thus includes the possibility that some studies may have
included those with classic hypercalcemic PHPT. Some studies
have shown progression, over time, to hypercalcemia in a pro-
portion of patients, whereas others have not. Clinical features
of NPHPT can be similar to the ones described in PHPT (skeletal,
renal complications, and nonclassical manifestations).

Evaluation of classical manifestations

Biochemical

After the diagnosis has been established, additional serum and
urine testing is recommended. The 25OHD should be measured
to identify patients whose PHPT may be accompanied by delete-
rious effects of a further stimulus to PTH secretion when the
25OHD is low (eg, a secondary hyperparathyroidism becomes
superimposed upon PHPT). An estimate of renal function by esti-
mated glomerular filtration rate (eGFR) or creatinine clearance,
along with a 24-hour urinary calcium determination, should be
a standard part of the evaluation. Although a fasting urine sam-
ple can be obtained for an estimate of urinary calcium excretion,
experts measure a full 24-hour urine collection in view of circa-
dian variability.(100) High sodium diets can increase urinary cal-
cium excretion.(101) It is not essential to measure the serum
phosphorus in every patient, although typically the serum phos-
phorus concentration will be in the lower range of normal. How-
ever, it can be helpful. It is rarely necessary to measure urinary

phosphorus excretion. The value of measuring bone formation
(eg, bone-specific alkaline phosphatase, procollagen type 1 N
propeptide [P1NP], osteocalcin) or bone resorption (eg, type I
collagen cross-linked C-telopeptide [CTX-1], amino-terminal
cross-linking telopeptide of type 1 collagen [NTX]) markers as
an index of skeletal activity of the disease or to predict changes
in BMD after parathyroidectomy (PTX) is uncertain.(102–104) They
are not recommended in the standard evaluation of PHPT.

Skeletal

Fracture risk is increased in patients with PHPT at vertebral and
nonvertebral sites.(4,72,105–110) Using either X-rays or vertebral
fracture assessment (VFA), by DXA, asymptomatic fractures can
be detected in patients who do not have a history of fracture.(106)

Because DXA became a widely available clinical tool, in the
1980s, it has become an essential method to determine skeletal
involvement in PHPT.(62) Consistent with the known effects of
PTH, low BMD by DXA is especially prevalent at sites with high
proportions of cortical bone, such as the one-third distal
radius.(62,64) The lumbar spine, primarily comprised of trabecular
bone, is generally better preserved by DXA in PHPT. BMD values
intermediate between that of the one-third distal radius and the
lumbar spine, when compared to age-matched norms, have
been reported at the femoral neck, which comprises both trabec-
ular and cortical bone.(62) Whether the same DXA pattern exists
in NPHPT has not been established. Although the description
of a preferential reduction in cortical bone is a classical densito-
metric feature of PHPT, many other patterns can be seen. In par-
ticular, an opposite pattern with preferential reduction in lumbar
spine bone density may be observed in some postmenopausal
women.(111) Occasionally, a T-score ≤ !2.5 is observed at the
one-third radius only. In studies of the natural history of PHPT,
BMD may be stable for several years, but may ultimately decline
at the hip and radius when observation exceeds 10 years.(112)

Because both osteoporosis and PHPT are predominantly seen
in postmenopausal women, in addition to DXA, other risk factors
that are part of Fracture Risk Assessment Tool (FRAX®)(113)—
mostly age—may be important in PHPT. A risk assessment tool
such as FRAX would help to estimate absolute fracture risk, but
at this point, disease-specific data in PHPT are not available. It
is likely that the factors identified by FRAX are as important in
PHPT as they are in subjects without PHPT, but this remains to
be demonstrated. Results are awaited from ongoing studies.

The vexing discordance between the selective pattern of cor-
tical bone loss seen by DXA and fracture locations that extend
more globally, to include both cortical and trabecular sites, has
been clarified by other imagingmodalities. Using these noninva-
sive imaging approaches, it is evident that trabecular bone is also
affected in PHPT, correcting earlier views that PHPT spares the
trabecular compartment. Using high-resolution peripheral quan-
titative computed tomography (HRpQCT), for example, micro-
structural trabecular and cortical abnormalities in PHPT have
been demonstrated and help to account more completely than
DXA for the increase in vertebral and nonvertebral fracture
risk.(66,114) By HRpQCT, women with PHPT demonstrate
decreased trabecular and cortical volumetric densities, thinner
cortices, and more widely spaced trabeculae at both radial and
tibial sites.(66,115) These HRpQCT studies appear to be more rep-
resentative of skeletal features in PHPT than DXA or the transiliac
bone biopsy.(116) However, because HRpQCT is not widely avail-
able, it is not recommended as a standard component of the
skeletal evaluation of PHPT.
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Trabecular bone score (TBS), a semiquantitative, noninvasive
index of trabecular microarchitecture, has also shown abnormal-
ities in PHPT.(117,118) The presence of vertebral fractures was asso-
ciatedwith TBS values <1.2.(118,119) Other studies have not shown
that TBS is associated or correlated with fractures.(120,121)

Because of its uncertain value, to date, in PHPT, TBS is not recom-
mended because it may not add to the other imaging modalities
like vertebral X-rays or VFA. On the other hand, it does not add to
radiation exposure and could be helpful as an adjunctive test.

Renal

Evaluation of renal function

The threshold creatinine clearance value below which deleteri-
ous effects of PHPT on renal function occur is unclear. It is also
unclear whether reduced renal function in those who present
with PHPT is due to the disease itself or to independent factors.
A widely regarded threshold value is 60 mL/min. It originates pri-
marily from observations after PTX. Those with creatinine clear-
ance values <60 mL/min stabilized their renal function after
successful PTX, whereas those who did not undergo surgery
showed continued declines.(122,123) Nephrolithiasis or nephrocal-
cinosis and repeated urinary infections and urological proce-
dures can contribute to reduced renal function.(124)

Reduced eGFR can also be associated with greater reductions
in BMD, particularly at cortical sites.(125) Thus, even mild reduc-
tions in eGFR can be associated with adverse renal and skeletal
effects in PHPT. We still, however, are left with uncertainty about
the precise eGFR threshold below which deleterious effects on
renal and skeletal function are seen. Moreover, the eGFR thresh-
old below which further elevations of PTH levels occur, if at all,
has also not been established.(123)

It is also important to consider how renal function is assessed.
Although an estimate of eGFR is readily available by formulas used
for standard printouts from commercial laboratories,(126) they are
useful only for screening purposes. An actual measurement of cre-
atinine clearance is more accurate and, over time, repeated calcula-
tions of creatinine clearance give a more accurate depiction of any
change thatmay occur. There is controversy over themethodology
tomeasure creatinine clearance as well as what constitutes a signif-
icant decline over time. The Kidney Disease Improving Global Out-
comes (KDIGO) guidelines provide some guidance by noting that
annual declines of 3 mL/min from repeated determinations over
1–2 years are significant.(126) Declines in renal function to <60 mL/
min are associated with an increase in fracture risk,(127–130) but
these observations are not specifically related to those with PHPT.

Evaluation for kidney stones

Hypercalciuria is a risk factor for renal calculi,(68) but by itself does
not fully explain the increased risk for nephrolithiasis in all patients
with PHPT, raising the possibility that other risk factors may play a
role,(70,131) such as hyperuricosuria, hypomagnesuria, hyperoxa-
luria, hypocitraturia, or cystinuria.(132,133) Nevertheless, the
24-hour urine calcium is higher in patients with PHPT and nephro-
lithiasis when compared with patients with PHPT and no nephro-
lithiasis.(134,135) Marked hypercalciuria is seen in approximately
one-third of patients with PHPT and kidney stones.(136,137) Based
primarily upon these observations, but without any data that
describe the performance characteristics of this value (eg, sensitiv-
ity/specificity), The 4h International Workshop on Asymptomatic
PHPT recommended a threshold of >400 mg/day.(1) The value
did not stipulate any adjustment for differences in urinary

creatinine, sex, race, salt intake, or body weight. It is virtually
impossible to make specific recommendations that would con-
sider all these variables. On balance, though, threshold values for
hypercalciuria are reasonably expressed as >250 mg/day for
women and >300 mg/day for men. Although hypercalciuria, by
itself, might be considered to reasonably account for stone risk
in PHPT, there may be other important factors to consider. This
is even more relevant to those with kidney stones who do not
have marked hypercalciuria. Thus, a more extensive biochemical
evaluation for stone risk factors in all patients with kidney stones
is reasonable. This more extensive evaluation also recognizes that
PHPT is not necessarily etiologic in those with kidney stones.
Stones could be due to factors, besides PHPT.(138)

Because clinically silent renal calculi are reported in up to 22%
of patients with asymptomatic PHPT,(139) renal imaging is recom-
mended in patients with PHPT.(1) Imaging modalities include
spiral computed tomography (CT), ultrasound, or conventional
X-ray of the abdomen.

A summary of panel recommendations for evaluation

Biochemical:

1. Measure adjusted total serum calcium (ionized if NPHPT is a
consideration), phosphorus, intact PTH, 25OHD, creatinine

Skeletal:

2. Three-site DXA (lumbar spine, hip, distal 1/3 radius); imag-
ing for vertebral fractures (VFA or vertebral X-rays). As
an adjunctive test, the TBS can be helpful if available.

Renal:

3. eGFR or, preferably, creatinine clearance, full 24-hour uri-
nary calcium. Imaging for nephrolithiasis/nephrocalci-
nosis. In those with hypercalciuria, a stone risk profile
is recommended. In those with stones (an indication
for surgery) a stone risk profile is recommended
whether or not the patient has hypercalciuria.

Evaluation of nonclassical manifestations

Neurocognitive and quality of life

One of the most frequent but nonclassical manifestations of PHPT
relates to neurocognitive or neuropsychiatric function. Although
there is no doubt that symptomatic PHPT with severe hypercalce-
mia can be associated with altered mental status,(140) it is uncer-
tain if more subtle manifestations of neurocognitive function
relate specifically to PHPT when the serum calcium is not mark-
edly elevated. The 4th International Workshop guidelines con-
cluded that there was no clear evidence to suggest that
asymptomatic PHPT is associated with neurocognitive dysfunc-
tion and that there did not exist clear evidence to recommend for-
mal neurocognitive or neuropsychiatric testing in PHPT.(1) The
psychiatric and surgical literature continues to emphasize the
association of otherwise asymptomatic PHPT with depression
and decreased quality of life.(141,142) In fact, it has been recom-
mended by the American Association of Endocrine Surgeons that
neuropsychiatric symptoms be assessed in all patients with PHPT
and that they should be considered as a relative indication for
PTX.(143,144) The conflicting literature on this subject has been

Journal of Bone and Mineral Researchn 8 BILEZIKIAN ET AL.

 15234681, 0, D
ow

nloaded from
 https://asbm

r.onlinelibrary.w
iley.com

/doi/10.1002/jbm
r.4677 by D

alal S. A
li - Cochrane Canada Provision , W

iley O
nline Library on [07/11/2022]. See the Term

s and Conditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable Creative Com

m
ons License



clarified recently by a recent prospective, randomized controlled
prospective 10-year clinical trial in which a putative association
between neurocognitive function and PHPT could not be substan-
tiated. This study included those who underwent successful para-
thyroid surgery.(145) If there are mechanisms underlying
neurocognitive manifestations, the methodologies are not well
defined, and randomized, controlled trial (RCT) data do not dem-
onstrate clear or consistent reversibility after PTX.

A summary of panel recommendations

1. Neurocognitive or neuropsychiatric testing should not be
routinely conducted in PHPT.

2. Neurocognitive or neuropsychiatric manifestations, if pre-
sent, should not be used, by themselves, to recommend
parathyroid surgery.

3. More research is needed including further development of
a disease-specific quality of life tool.

Cardiovascular/metabolic

Although small studies have reported hypertension, left ventricu-
lar hypertrophy, arterial stiffness, and impaired diastolic filling in
patients with PHPT,(146,147) these observations do not have a clear
pathophysiologic basis nor are they clearly changed after success-
ful PTX.(146–148) Similarly, metabolic indices such as the Homeo-
static Model of Assessment-Insulin Resistance (HOMA-IR) are not
consistently associated or improved following PTX.(149–151)

A summary of panel recommendations

1. Cardiovascular or metabolic evaluations in PHPT are not
recommended.

2. Cardiovascular or metabolic abnormalities, if present, are
not clearly related to PHPT.

3. Cardiovascular or metabolic abnormalities, if present, should
not be used as criteria for decision making vis-à-vis PTX.

Gastrointestinal manifestations

Classic gastrointestinal manifestations in symptomatic PHPT
include abdominal pain, constipation, nausea, vomiting, peptic
ulcer disease, cholelithiasis, and pancreatitis. The bulk of evidence
in the more common forms of PHPT, namely asymptomatic and
NPHPT, do not provide evidence that GI manifestations are linked.
The only exception to this are patients with MEN 1 and the
Zollinger-Ellison syndrome in which gastrointestinal symptom-
atology is common and pathophysiologically linked.(3)

A summary of panel recommendations

1. There is no indication for a gastrointestinal evaluation
in PHPT

2. If gastrointestinal manifestations are present, they are not
clearly linked to PHPT, unless the patient has the symptom-
atic form of the disease, or MEN with Zollinger Ellison
syndrome.

Surgical Aspects of PHPT

The key decision to be made in PHPT is whether the patient
should undergo curative PTX. The reasons for recommending
parathyroid surgery are straightforward in those with symptom-
atic disease. Unless there are extenuating medical issues, para-
thyroid surgery is indicated. In those with asymptomatic PHPT,
however, criteria have been developed based upon the presence
of target organ involvement and evidence for improvement after
successful surgery. To reconsider this topic, as comprehensively
as possible, two approaches were employed: a systematic review
utilizing GRADE methodology(7) and a narrative review that
incorporated noteworthy information that could not be included
in the systematic review.(6) In addition, a task force designated to
consider specific aspects of parathyroid surgery helped to iden-
tify advances in technical aspects and outcomes of parathyroid
surgery.(5)

Systematic review

The systematic review included trials in which patients with
asymptomatic PHPTwere randomized to surgery with or without
medical therapy or management without surgery with or with-
out medical management.103,141,145,151–159) For patients with
asymptomatic PHPT, PTX achieved a biochemical cure in 97.8%
(high quality evidence for cure rate). This percentage is consis-
tent with the majority of outcomes that have been published
from major medical centers with expertise in this disease.(160,161)

Although BMD clearly increased after PTX, uncertainty regard-
ing whether the association of changes in bone density with
changes in fracture risk in post-menopausal osteoporosis apply
equally in PHPT led us to rate down certainty in evidence twice
for indirectness. Thus, we remain very uncertain about the extent
to which surgery will reduce fracture in patients with PHPT.

Table 1 summarizes the results of this systematic review. The
review did not draw any conclusions as to whether PTX improves
quality of life, reduce the incidence of kidney stones, or improves
renal function.

A summary of recommendations on the surgical management
of PHPT

What is the role of surgical management of PHPT? GRADed Panel
Recommendations:
1. In the hands of experienced surgeons, surgery should be

used to achieve a biochemical cure, if there are no contrain-
dications (high quality evidence)

2. Ungraded Panel Recommendations

2a. Surgery is recommended if patients meet any one of the
guidelines for surgery and there are no contraindica-
tions (see guidelines below).

2b. Surgery cannot be recommended to improve neuro-
cognitive function, quality of life and/or cardiovascular
indices because the evidence is inconclusive.

Narrative review

The narrative review permitted a more expansive, albeit hetero-
geneous, view of the published literature related to the merits
and consequences of PTX. Although not as rigorous as the sys-
tematic review, this narrative review was nevertheless valuable
as it incorporated a larger body of worthy data. As noted in the

Journal of Bone and Mineral Research GUIDELINES FOR EVALUATION AND MANAGEMENT OF PRIMARY HYPERPARATHYROIDISM 9 n

 15234681, 0, D
ow

nloaded from
 https://asbm

r.onlinelibrary.w
iley.com

/doi/10.1002/jbm
r.4677 by D

alal S. A
li - Cochrane Canada Provision , W

iley O
nline Library on [07/11/2022]. See the Term

s and Conditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable Creative Com

m
ons License



Task Force report,(6) the narrative review is consistent with the
results of the systematic review. Specific aspects of PTX are pre-
sented in another article in this series.(5)

PTX is a safe, well-tolerated, and successful operation in the
hands of experienced surgeons. Although the definition of an
experienced parathyroid surgeon can be debated, the surgeon
who performs at least 50 parathyroidectomies per year is consid-
ered by most endocrine surgeons to be experienced.(162) Recent
advances in parathyroid imaging and in surgical approaches
have been impressive. Outcomes include durable improvement
in biochemicalmanifestations and, inmany cases, improvements
in classic end-organ features. Previous retrospective, observa-
tional, single-institution studies have been supported by more
recent contributions that have included randomized clinical trials
and population-based approaches.

The benign single-gland adenoma, the most common abnor-
mality, can be cured by identification and resection of the single
offending gland. More challenging is multigland disease, includ-
ing double adenoma and four-gland hyperplasia. It requires a dif-
ferent operative approach. Although bilateral neck explorations
have historically been associated with 95% success rates,(160) the
advent of advanced imaging modalities (eg, high-resolution neck
ultrasound, technetium-99m-sestamibi subtraction scintigraphy,
and/or contrast enhanced four-dimensional [4D] CT) have facili-
tated the operative approach. Some studies have shown that in
normocalcemic disease, the value of preoperative localization
studies is not as clear as it is in hypercalcemic disease.(95,96,163) This
may be due to a greater incidence of multiglandular disease and
smaller adenoma size found in some but not all studies.(96,163–
165) For all forms of PHPT, preoperative imaging approaches are
reserved for those in whom the decision for surgery has been
made. Parathyroid imaging is not used for diagnostic purposes.

When selective PTX is offered to appropriate patients combined
or not with the results of intraoperative PTH monitoring (IOPTH)
using a structured protocol, these minimally invasive approach
achieves success rates of 95%–97%. The potential benefits of this
selective approach include shorter operative time, less tissue scar-
ring, less risk to surrounding structures, and decreased hospital
costs.(161) Head-to-head comparisons between the selective proce-
dure and the bilateral neck exploration are now available.(166)

For both bilateral and selective approaches, PTX incisions are
usually small and can be performed under general or local anes-
thesia. Recovery is usually straightforward, often with only mild
throat discomfort and a few days of postoperative fatigue. Most
patients can be discharged on the day of operation. Narcotic use
for pain control is rarely needed.

Surgical complications after PTX are exceedingly rare. Most
large single-institution series with experienced surgeons show
very low rates of complications, including a 1% incidence of per-
manent injury to the recurrent laryngeal nerve, 2%–5% risk of per-
sistent or recurrent disease and 0.5% risk of a neck hematoma.(161)

Although also rare, post-PTX hypoparathyroidism occurs in well
under 10% of patients who undergo multiple gland resections.(5)

Nevertheless, among patients with hypoparathyroidism, anterior
neck surgery—mostly total thyroidectomy—is the most common
cause.(5,9,167,168) PTX is safe even in elderly patients or in those
identified with physiologic frailty.(169)

After PTX, bone density increases.(152–154,170) Factors leading
to significant BMD increases are severe disease, young age, and
good renal function.(154) Gains in BMD in NPHPT patients have
also been observed in most, but not all, studies.(96,98,99,171,172)

Although the systematic review did not provide clear evidence
for a reduction in the incidence of nephrolithiasis, observational
data suggest that it does appear to be reduced after PTX, with kid-
ney stoneevents falling to thatof controls 10 years after surgery.(173)

Successful PTX does appear to mitigate expected declines in
renal function. Salutary effects on putative non-classical manifes-
tations of PHPT, such as quality of life, are uncertain, as noted
previously.

Certainly, all symptomatic patients should be considered for
PTX. Among those who are classified as asymptomatic, the recom-
mended evaluation will identify those with a biochemical calcium
threshold abovewhich complications of the disease becomemore
likely (eg, calcium >1 mg/dL [0.25 mmol/L]) above the upper limit
of normal. Any aspect of skeletal involvement as determined by
DXA (T-score ≤ –2.5) or a morphometric vertebral fracture by X-
ray of VFA would constitute a surgical indication. It is acknowl-
edged that the T-score in the osteoporotic range at any site could
be due to factors besides PHPT. For example, the patientmay have
had a low T-score prior to the development of PHPT or concomi-
tant factors such as estrogen deficiency could contribute to
reduced bone density. Nevertheless, the evidence that PHPT can
reduce bone density identifies it as a factor that can be definitively
managed. Additionally, the literature reviewed elsewhere in detail
documents verifiable improvements in BMD after successfully PTX
notwithstanding the presence of other factors that might also
have been contributing to reduced bone mass. Thus, the argu-
ment to use bone density as a criterion for surgery is compelling.

Any aspect of renal involvement as determined by a creatinine
clearance of <60 mL/min, evidence by imaging for nephrolithiasis
or nephrocalcinosis, or hypercalciuria (>250 mg/day [women] or
>300 mg/day [men]) would constitute an indication for surgery.

Table 1. Trials Included in Systematic Review of Parathyroid Surgery(7)

Categories of
subjects

[Calcium]
(mg/dL)

[PTH]
(pg/mL)

Urinary Ca
(mg/day)

Conclusions of all systematic
reviews (both rows) References

No surgical
criteria

10.3 " 0.46 105 " 38 239 " 104 Surgery results in
biochemical cure; patients
are not cured if they do not
undergo surgery.

Surgery increases BMD
See text and systematic
review(7) for more details

Ambrogini and colleagues(153); Morris and
colleagues(158), Perrier and
colleagues(145); Rao and colleagues(152)

Asymptomatic
with or
without
surgical
criteria

10.9 " 0.38 92 " 31 264 " 121 Almqvist and colleagues(155,156); Ejlsmark-
Svensson and colleagues(157); Lundstam
and colleagues(103); Pretorius and
colleagues(145); Persson and
colleagues(151); Ambrogini and
colleagues(153); Bollerslev and
colleagues(220); Lundstam and
colleagues(159).
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We also regard those under 50 years as more likely to experience
negative consequences upon conservative follow up.

In patients who do not meet these criteria, and for whom
there are no medical contraindications, PTX can be considered
if patients opt for it in concurrence with their physician.

A summary of panel recommendations for surgical
management of PHPT

1. Symptomatic PHPT: all symptomatic patients should be
offeredparathyroid surgeryunlessmedically contraindicated.

2. Asymptomatic PHPT
A. Serum calcium >1 mg/dL (0.25 mmol/L) above the

upper limit of normal
B. Skeletal involvement:

a. A fracture by VFA or vertebral X-ray or
b. BMD by T-score ≤ !2.5 at any site or

C. Renal involvement:
a. eGFR or creatinine clearance <60 mL/min or
b. Nephrocalcinosis or nephrolithiasis by X-ray, ultra-

sound, or other imaging modality or
c. Urinary calcium excretion: hypercalciuria (eg,

>250 mg/day in women; >300 mg/day in men).

D. Age <50 years (no other indications are necessary;
age <50 years is a sufficient indication)

E. If no aforementioned guidelines are met, PTX is still an
option with concurrence of the patient and physician
and if there are no contraindications

Although the current guidelines are similar to the previous
guidelines, there are changes in renal indications, and they are
based upon a stronger set of data (Table 2).

Current, limited data in NPHPT did not permit the Panel to
come to any conclusions regarding surgery for this form of the
disease. We acknowledge, however, that many clinicians may
find the indications for surgery in the hypercalcemic form of
the disease to provide helpful guidance.

Monitoring

In those patients who do not meet guidelines for PTX and are
not to undergo PTX, recommendations for monitoring include
annual measurements of calcium and 25OHD, and an annual
estimate of renal function (creatinine clearance or eGFR). PTH
measurements are also reasonable, if clinically indicated.

Table 2. Guidelines for Surgery in Asymptomatic Primary Hyperparathyroidism: A Comparison of Current Recommendations with
Previous Ones

Parameter 1990 2002 2008 2013 2022

Serum Calcium
(>upper limit
of normal)

1–1.6 mg/dL (0.25–
0.4 mmol/L)

1.0 mg/dL
(0.25 mmol/L)

1.0 mg/dL
(0.25 mmol/L)

1.0 mg/dL
(0.25 mmol/L)

1.0 mg/dL
(0.25 mmol/L)

Skeletal BMD by DXA:
Z-score < !2.0
(site
unspecified)

BMD by DXA:
T-score < !2.5 at
any site

BMD by DXA:
T-score < !2.5 at
any site

Previous fragility
fracture

a. BMD by DXA:
T-score < !2.5 at
lumbar spine, total
hip, femoral neck
or distal 1/3 radius

b. Vertebral fracture
by X-ray, CT, MRI, or
VFA

a. BMD by DXA:
T-score < !2.5 at
lumbar spine, total hip,
femoral neck or distal
1/3 radius*

b.Vertebral fracture by
X-ray, CT, MRI or VFA

Renal a. eGFR reduced by
>30% from
expected.

b. 24-Hour urine for
calcium
>400 mg/day
(>10 mmol/day)

a. eGFR reduced by
>30% from
expected

b. 24-Hour urine for
calcium
>400 mg/day
(>10 mmol/day)

a. eGFR <60 cc/min
b. 24-Hour urine for
calcium not
recommended

a. eGFR <60 cc/min
b. 24-hour urine
for calcium
>400 mg/day
(>10 mmol/day)
and increased
stone risk by
biochemical stone
risk analysis

c. Presence of
nephrolithiasis or
nephrocalcinosis
by X-ray,
ultrasound, or CT

a. eGFR <60 cc/min**
b. Complete 24-hour
urine for calcium
>250 mg/day
in women
(>6.25 mmol/day) or
> 300 mg/day in men
(>7.5 mmol/day)

c. Presence of
nephrolithiasis or
nephrocalcinosis by
X-ray, ultrasound, or CT

Age <50 years <50 years <50 years <50 years <50 years

This table does not include the clearcut indication for surgery in anyone who has symptomatic PHPT (marked hypercalcemia, kidney stones, fractures).
Surgery is also indicated in patients for whommedical surveillance is neither desired nor possible and also in patients opting for surgery, in the absence of
meeting any guidelines, as long as there are nomedical contraindications. Patients needmeet only one of these criteria to be advised to have parathyroid
surgery. They do not have to meet more than one.
*Consistent with the position established by ISCD the use of Z-scores instead of T-scores is recommended in evaluating BMD in premenopausal women

and men younger than 50 years.(174) These individuals meet criteria for surgery by virtue of age.
**Special consideration might be justified in those whose eGFR is >60 cc/min but in whom there is only one kidney. In those situations, parathyroidec-

tomy could be considered to be special indication for surgery.
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Three-site DXA should be obtained every 1 or 2 years, as clini-
cally indicated. If the three-site DXA measurement is normal,
less frequent DXA measurements are reasonable. As recom-
mended by the International Society of Clinical Densitometry,
in order to be confident of a change over time, the same DXA
facility should be utilized. Knowing the precision of the instru-
ment, a significant reduction is defined as a change that
exceeds the least significant change of the measurement. If
the precision of the lumbar spine measurement is 1%, for exam-
ple, the change would have to exceed 2.77% in order to be 95%
confident that the change over time is a significant one.(174) If
the significant change leads to a T-score ≤ !2.5, the nongraded
panel advice is to recommend PTX.

With this recommended approach to monitoring, patients
may become candidate for parathyroid surgery over time. They
may meet the guidelines for surgery with regard to the serum
calcium concentration, skeletal or renal involvement as
described above.

Panel recommendations for surgery among those with
hypercalcemia who are being monitored (ungraded)

1. Serum calcium becomes consistently >1 mg/dL
(0.25 mmol/L) above the upper limit of normal or

2. A nontraumatic fracture or
3. A kidney stone or
4. A significant reduction in BMD (> the least significant

change of the measurement and to a T-score ≤ !2.5) or
5. A significant reduction in creatinine clearance (avera-

ging >3 mL/min over a 1-year to 2-year period) to <60 cc/
min if associated with other changes that indicate
progression.

Medical/Management of PHPT

Surgery is not always performed in patients who meet guidelines
for PTX. The decision against surgery could be based upon exten-
uating medical contraindications, persistent disease after a failed
surgical exploration by an experienced surgeon, or choice. Never-
theless, these patientsmay have levels of serum calcium that need
specific attention (eg, >11 mg/dL) or whose BMD is low and thus
at risk for fracture. To reconsider this topic, since the last interna-
tional workshop, as comprehensively as possible, two approaches
were employed: a systematic review utilizing GRADE methodol-
ogy(8) and a narrative review that incorporated noteworthy infor-
mation that could not be included in the systematic review.(6)

Systematic review

The systematic review of 11 publications included 423 eligible
patients (Table 3). Randomized trials compared nonsurgical
management with medical therapy versus nonsurgical manage-
ment without medical therapy.(8) Medications included the use
of several different agents with the number of trials reviewed
noted in parentheses: alendronate (3), denosumab (1), cinacalcet
(2), vitamin D (2), and estrogen or estrogen analogue therapy (3).
With the caveat that we cannot be sure that the association of
BMD and fracture in PHPT is identical to that in postmenopausal
osteoporosis, we examined gains in BMD as a surrogate for
expected reductions in fracture incidence,(7,175) and found the
following:

1. Alendronate increases bone mineral density
2. Denosumab increases bone mineral density.
3. Vitamin D increases bone mineral density
4. Estrogen increases bone mineral density
5. Cinacalcet reduces serum calcium and PTH levels.

Table 3. Trials Included in Systematic Review of Medical therapy(8)

Intervention
[Calcium]
(mg/dL)

[PTH]
(pg/mL)

Urinary Ca
(mg/day)

Conclusions of
systematic reviews
(effect on bone

density*)

Conclusions of
systematic reviews
(effect on serum

calcium) References

Alendronate 11.0 " 0.5 170 " 95 204 " 109 Increases bone
mineral density**

No effect Chow and colleagues(193);
Khan and
colleagues(190); Rossini
and colleagues(194)

Estrogen
(raloxifene
data are
sparse)

10.6 " 0.16 149 " 32 240 " 41 Increases bone
mineral density***

Reduced*** Grey and colleagues(197);
Rubin and
colleagues(198)

Cinacalcet 11.2 " 0.45 138 " 46 290.0 " 120 No effect Reduced** Khan and colleagues(202);
Peacock and
colleagues(201)

Denosumab 10.9 " 0.1 115 " 16 NR Increases bone
mineral density

No effect Leere and colleagues(205)

Vitamin D 11.0 " 0.3 83 " 15 376 (320–432) Increases bone
mineral**
density***

No effect Lind and colleagues(184);
Roglighed and
colleagues(182,183)

NR = not reported.
Using GRADEmethodology to reflect quality of available data: *There are no data documenting a direct effect on fracture incidence, associated with an

increase in bone mineral density. **Medication “probably” effects outcome: moderate quality evidence. ***Medication “may” effect outcome: low qual-
ity evidence.
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Narrative review

The narrative review permitted a more expansive view of the
published literature related to the medical options in PHPT.
Although not as rigorous as the systematic review, this narrative
reviewwas nevertheless valuable as it incorporated a larger body
of worthy data.

Nutritional aspects

Calcium supplementation

The advice among many clinicians is to eliminate supplemental
calcium and to restrict dietary sources of calcium in PHPT. This
recommendation is not advisable because PTH levels could rise
further even though the serum calcium might not change mea-
surably when calcium intake is restricted.(57,176) The Institute of
Medicine guidelines for calcium intake in the general population
is appropriate for the subjects with PHPT.(177) For the adult pop-
ulation this amounts to approximately 1000–1200 mg of cal-
cium, from all sources.

Vitamin D supplementation

In a meta-analysis of 10 studies including 340 patients with PHPT
with varying baseline serum 25OHD levels, across a dosage
range of 800 IU daily to 50,000 IU twice weekly, vitamin D was
not associated with worsening hypercalcemia.(178) The concom-
itant serum PTH level fell on average by 33% (p = 0.003).(178)

These observations underscore the pathophysiological pro-
cesses associated with excess PTH secretion in PHPT. Vitamin D
insufficiency could stimulate further PTH synthesis and secretion,
and lead to a further increase in PTH. It is not clear, however,
what is meant by “insufficient,” which is a very controversial
topic.(177–181) The safe use of vitamin D supplementation is also
relevant to this discussion.(182–184) The meta-analyses by Song
and colleagues(185) and by Loh and colleagues(186) found that
over a range of 25OHD concentrations, serum calcium and urine
calcium excretion remain stable. Thus, despite uncertainties in
what value is optimal,(187) it seems prudent, based upon the evi-
dence, to recommend levels of 25OHD levels >30 ng/mL
in PHPT.

Specific pharmacological intervention

Bisphosphonates

In numerous studies, bisphosphonates, primarily alendronate,
have been shown to improve BMD and to reduce bone turnover
in PHPT, but without any consistent reductions in the serum cal-
cium concentration.(188–192)

Because the BMD-fracture risk relationship is not well-defined
in PHPT, we cannot conclude, with confidence, that fracture risk
at vertebral or nonvertebral sites is lowered to the same degree
in PHPT with increases in BMD as in postmenopausal osteoporo-
sis. The results were similar among men and older individ-
uals(193,194) In NPHPT, alendronate also appears to improve
BMD.(195)

Estrogens and selective estrogen receptor modulators

BMD increased relative to placebo by 7.3% in the lumbar
spine.(196) The effect of conjugated estrogen on the reduction
of serum calcium is inconsistent.(196,197) A very short-term report
with raloxifene demonstrated a significant reduction in the
serum calcium concentration, by 13%.(198)

Denosumab

Retrospective studies with this receptor activator of nuclear fac-
tor κB ligand (RANKL) inhibitor, for 1–2 years, showed improve-
ments in BMD.(199) Although changes in BMD favored surgery
over denosumab, improvement in TBS favored denosumab over
surgery. Serum calcium did not change but serum PTH increased
by 28% (p < 0.05).(199) With denosumab inhibiting a classic bone
catabolic pathway for PTH, namely RANKL, the increase in PTH
would not be expected to have an adverse skeletal effect. In
another retrospective study on 50 elderly women, denosumab
was associated with a greater increase in BMD over 2 years in
comparison to osteoporotic patients without PHPT.(200)

Cinacalcet

In contrast to antiresorptive agents that collectively appear to
increase BMD in PHPT but do not reduce the serum calcium,
the calcimimetic cinacalcet would be expected to reduce the
serum calciumwithout necessarily improving BMD. These expec-
tations have been confirmed in several prospective studies in
which cinacalcet significantly reduced the serum calcium inmost
patients over a 1–5-year period.(201–203) Although the mean PTH
level falls, due to the mechanism of action of the drug, it never-
theless does not fall to the same extent as does the serum cal-
cium concentration. Cinacalcet does not affect BMD.(202)

In NPHPT, at doses sufficient to reduce PTH concentrations,
cinacalcet reduced the number and diameter of kidney
stones.(204)

Cinacalcet and denosumab

The differing actions of antiresorptive therapy, to increase bone
density but not to reduce the serum calcium, and cinacalcet, to
reduce the serum calcium but not to improve BMD, has led to
an attempt to use both agents in combination. In a short
50-week randomized, placebo-controlled clinical trial, serum cal-
cium was normalized in 64% of patients, along with an increase
in lumbar spine and femoral neck BMD.(205)

It should be emphasized that pharmacological approaches to
the management of PHPT should be reserved in those for whom
surgery is not an option but for whom there is need to manage
either the hypercalcemia, the reduced BMD or both.

Summary of panel recommendations for nutritional and
pharmacological management of PHPT in those not to
undergo parathyroid surgery (GRADEd)

1. In patients with PHPT who do not undergo PTX, pharma-
cological management should be used only for specific
indications.
a. In patients with low BMD who do not undergo PTX, we

suggest bisphosphonates (eg, alendronate) or denosu-
mab (weak recommendation based on very low-quality
evidence)

b. In patients with PHPT and serum calcium levels
>11.0 mg/dL (>0.25 mmol/L) above the upper limit of
normal who do not undergo PTX, we suggest cinacal-
cet (weak recommendation based on low quality of
evidence)

2. In patients with PHPT and vitaminD insufficiency (25OH vita-
min D <30 ng/mL (75 nmol/L) or deficiency (<12 ng/mL;
<30 nmol/L), we suggest vitamin D supplementation (weak
recommendation based on very low-quality evidence)
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Comment: Although there is controversy over the goal for
vitamin D sufficiency, most experts aim for a 25-hydroxyvitamin
D level >30 ng/mL (>75 nmol/L) in individuals with metabolic
bone disease.

Summary of panel’s recommendations for management of
PHPT in those not to undergo parathyroid surgery whether or
not a pharmacological intervention is implemented
(unGRADEd)

1. Nutritional guidelines for calcium should follow the Insti-
tute of Medicine. 800 mg/day for women <50 years and
men <70 years; 1000 mg/day for women >50 years and
men >70 years.

2. Annual measurement of the serum calcium and
25-hydroxyvitamin D concentration.

3. BMD every 1 or 2 years, If BMD is normal, a longer interval
might be reasonable. If clinically indicated. Vertebral imag-
ing by X-ray or VFA is reasonable. If available, TBSmight be
a useful adjunctive test.

4. Renal function yearly by creatinine clearance or eGFR. If
clinically indicated, renal imaging (X-ray, ultrasound, or
CT) or 24-hour for calcium) is reasonable.

PHPT in Pregnancy

PHPT in pregnancy is a rare event,(206,207) but the actual inci-
dence of PHPT in pregnancy is not known. In part, this is because
many of its nonspecific symptoms such as fatigue, constipation,
and nausea may be a manifestation of the pregnancy.(206) It is
also not known what percentage of pregnant women with PHPT
had the disorder prior to the onset of their pregnancy. The dis-
ease in pregnancy is usually mild with albumin-adjusted serum
calcium values within 1 mg/dL of the upper limit of normal.(206)

PHPT in pregnancy was not found to be associated with delete-
rious obstetric outcomes in a study performed in a large man-
aged care organization in Israel,(206) whereas, on the other
hand, a 3.5-fold increased rate of fetal loss was reported in
another study from the United States.(208) The varying outcomes
observed in these two studies could be related to screening
methodology(206) and to the serum calcium level.(209) Some fea-
tures of pregnancy such as hyperemesis gravidarum, and pre-
eclampsia can coexist with features that are classical features of
PHPT such as nephrolithiasis.(210)

During normal pregnancy, unadjusted serum total calcium
levels fall because of an increase in extracellular volume and
reduced serum albumin levels. Ionized serum calcium values do
not change. There is also a reduction in PTH to low-normal levels
during the first trimester and then a steady rise into the mid-
normal range by term.(210) Mild cases of PHPT can usually beman-
aged without surgical or pharmacological intervention. The drugs
potentially available in PHPT, namely calcitonin, bisphosphonates,
denosumab, and cinacalcet have had limited experience and carry
with them cautionary labelling for pregnancy.(208,211–214)

Indications for surgery include symptoms and signs of PHPT
and are similar to other patients as noted in other sections of this
report. The opportune timing of PTX under general anesthesia is
during the first half of the second trimester.(209) Preoperative
imaging should be limited to ultrasound scanning. Other scan-
ning methods carry with them unacceptable risks due to

radiation or contrast agents that cross the placenta.(215–217) In
those who do not undergo PTX during pregnancy, patient edu-
cation and maintaining good hydration are important mea-
sures.(218) PTX is recommended by most experts after delivery.
In particular, if another pregnancy is desired, PTX before the next
pregnancy, is an even stronger recommendation.

After delivery, neonatal hypocalcemia can emerge due to
intrauterine suppression of the fetal parathyroid glands.(219)

Close monitoring of the neonate with frequent testing of serum
calcium levels is appropriate at the time of, and at regular inter-
vals after, delivery.

Panel recommendations for management of PHPT during
pregnancy (unGRADEd)

1. Mild cases should be managed with hydration and moni-
toring of calcium levels

2. Bisphosphonates and denosumab should not be used
3. Data are very limited on use of cinacalcet
4. Consider surgery in the second trimester for patients with

serum calcium >1 mg/dL (>0.25 mmol/L) above the upper
limits of normal and for whom surgery is not
contraindicated

5. Preoperative imaging should be limited to ultrasound
6. If surgery is deferred, the neonate should be closely mon-

itored for hypocalcemia
7. If surgery is deferred, PTX should be done after delivery,

and before a subsequent pregnancy

Research Agenda

In this evidence-based review of PHPT, many issues are covered
for which we need more information. These items are listed in
Table 4. We need more information on the epidemiology and
clinical presentations of the various forms of PHPT. This research
should include attention to global factors that may be responsi-
ble for demographics and how the disease presents in different
parts of the world. The natural history of asymptomatic PHPT
with and without end organ damage, of NPHPT, and of nonclas-
sical disease manifestations, need to be elucidated. Renal
aspects of PHPT need attention with regard to risk of nephro-
lithiasis, factors associated with worsening renal function, and
how to document significant worsening renal function. Predic-
tive models for worsening target organ function (eg, develop-
ment of nephrolithiasis or fractures) are needed to enable the
development of clinical care pathways and guidelines. The path-
ophysiology of PHPT, although elucidated more clearly over the
past decade, needs more attention as to how the hypercalcemic
and normocalcemic variants can be accounted for. Further
understanding of the role of the CaSR’s signaling pathways in
abnormal parathyroid tissue and at classical and nonclassical tar-
get organs is needed. A new frontier has emerged exploring the
microbiome and how it may influence clinical manifestations of
PHPT. The genetics of PHPT are more completely understood,
but specific genes implicated in the pathophysiology, pathology,
and varying presentations of PHPT remain to be elucidated. We
need more guidance on when genetic testing is clinically indi-
cated and what modalities to use. Adjustments to be made in
the measured serum calcium when the serum albumin is above
average are not clear. Although it is agreed that 25OHD is the
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best index of body vitamin D stores, more information is needed
on levels as they relate to threshold values below which PTH
levels rise further. How best to replete patients with vitamin D
in PHPT needs further investigation. Renal aspects of PHPT need

attention with regard to risk for nephrolithiasis, factors associ-
ated with worsening renal function, and how to document sig-
nificant worsening of renal function. Also not well understood
is how surgical intervention or pharmacological approaches to

Table 4. Research Agenda

1. Epidemiology and clinical presentations
a. Global presentations and factors to account for differences
b. Global differences in incidence and prevalence of the symptomatic, asymptomatic (with and without target organ involvement)

and NPHPT variants of the disease.
c. Long-term consequences/natural history of hypercalcemic and normocalcemic forms of PHPT followed with or without PTX.
d. Definition of normocalcemic PHPT
e. A global registry

2. Pathophysiology
a. Differences among the hypercalcemic and normocalcemic variants
b. Accounting for differences in predominant presentations of each form vis a vis single or multi-glandular disease
c. Potential role of diet and the microbiome on clinical manifestations of PHPT.
d. Potential role of CaSR signaling pathways in abnormal parathyroid tissue

3. Genetics
a. CaSR mutations as they relate to PHPT vs FHH: similar or different?
b. Potential role of GNA11 or AP2S1 on pathogenesis
c. Role of genetic testing in alteringmanagement outcomes in younger patients, those with a family history of PHPT, multi-glandular

parathyroid disease, parathyroid carcinoma.
d. Utility of genetic testing modalities (single gene tests, gene panels, exome sequencing or whole genome sequencing)
e. Identification of heretofore unidentified, causative genes for hypercalcemic and normocalcemic forms of PHPT.

4. Serum calcium
a. How/whether to adjust downward for a serum albumin of >4 g/dL
b. Is there a threshold at which PTX is indicated?

5. Vitamin D
a. What level of serum 25OHD best prevents further increases in PTH due to vitamin D insufficiency
b. What is the best way to replete vitamin D in PHPT?

6. Renal
a. Stone Risk in PHPT. What are the risk factors as measured by urinary analyte measurements?
b. Can a predictive model be developed to document risk?
c. Threshold values of renal function for recommending surgery in PHPT
d. Factors associated with worsening renal function
e. Relationship between reduced creatinine clearance and PTH, calcium, phosphorus, and 1,25(OH)2D
f. Medical and surgical therapeutics vis a vis ameliorating or reversing renal involvement (e.g., stones, nephrocalcinosis, reduced

renal function)
7. Skeletal

a. TBS and other measures of bone quality in PHPT such as HRpQCT and their predictive value
b. FRAX tool as a risk factor in PHPT and its predictive value
c. Factors associated with reduced bone density and/or fractures
d. Fracture risk before and after PTX

8. Nonclassical, putative manifestations of PHPT
a. Neurocognitive

i. Further development of a disease-specific tool
ii. Functional/imaging studies of the CNS
iii. RCTs to delineate potential involvement and its reversibility

b. Cardiovascular and metabolic aspects of PHPT and PTX
i. Are these attributable manifestations?
ii. Are there consequences over time with or without PTX?
iii. Predictive factors of risk
iv. Reversibility of indices, if present, by surgical or pharmacological intervention

9. Surgical Aspects
a. Better description of increased risks of complications when combined thyroid and parathyroid procedures are undertaken
b. Risk factors for parathyromatosis and local recurrence
c. Timing of initiating of medical therapy for osteoporosis after successful parathyroidectomy
d. Review of complications including but not limited to recurrent laryngeal nerve injury in the era of magnified optics and increased

electrothermy
e. Improved surgical and interventional approaches to parathyroid carcinoma
f. The role of genetics in decision-making for PTX and the kind of procedure.
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PHPT can influence the natural history of renal function in PHPT.
Our understanding of skeletal features in PHPT could be
enhanced by appreciating more completely aspects of bone
quality by TBS or other measures such as HRpQCT. The FRAX tool
could conceivably have value in fracture risk assessment. We
need more disease-specific information on factors associated
with worsening bone density and/or fracture risk. How surgical
or pharmacological intervention influences fracture risk is
another area in need of more research. A very large scope of
research should relate to the nonclassical manifestations of PHPT
with particular attention to neurocognitive, cardiovascular, and
metabolic aspects of the disease. Finally, advances in surgery
need to be complimented by further understanding of risks, tim-
ing of medical intervention after surgery, and postsurgical
improvements in classic and nonclassical aspects of PHPT. Some
of these questions are best addressed by collaborative interna-
tional clinical trials.

Summary and Conclusions

The recommendations and guidelines provided in this report on
the evaluation and management of PHPT represent a compre-
hensive evidence-based review utilizing both GRADE and more
inclusivemethodologies. Also new since the last set of guidelines
is a large number of recent publications that have provided new
insights in worldwide epidemiology, genetics, outcomes, physi-
ology, pathophysiology, clinical presentations, new imaging
modalities, target and other organ systems diagnosis, measure-
ments, pregnancy, and management. Specifically different from
the conclusions of the last workshop, these deliberations have
led to revisions of renal guidelines and more evidence for the
other recommendations. The international guidelines are, thus,
based upon a more solid evidence-based set of both systematic
and narrative reviews. This evidentiary base is summarized in this
report and provided in greater detail in the reports to follow. The
recommendations and guidelines are provided both in the text
and in the tables. Guidelines for parathyroid surgery should be
helpful for those who present with symptomatic, asymptomatic
or NPHPT. In those who do notmeet any guideline, but for whom
there are no medical contraindications, surgery is an appropriate
option. Conversely, there are patients who meet surgical
guideline(s) but in whom surgery will not be performed. In these
situations, medical approaches are reasonable to consider when
the serum calcium is >1 mg/dL above the upper limits of normal
or if BMD T-score is ≤ !2.5. In those who are not going to
undergo PTX, a set of guidelines for monitoring is provided. This
review also highlights areas for which more research is needed.

Acknowledgments

We acknowledge unrestricted financial support from: Amolyt,
Ascendis, Calcilytix, and Takeda. They had no input into the plan-
ning or design of the project, the conduct of the reviews, evalu-
ation of the data, writing or review of themanuscript, its content,
conclusions, or recommendations contained herein.

Authors’ roles using CRediT Taxonomy: Conceptualization:
JPB, AAK, SJS, GEF, CM, SM, NP, AS, RVT, MM, JTP, MLB. Data cura-
tion: JPB, AAK, SJS,GEF. CM, SM, NP, AS, RVT, GG, MM, JTP, BLC,
MLB. Formal analysis: JPB, AAK, SJS, GG. Funding Acquisition:
JPB, AAK. Investigation: JPB, AAK, SJS, GEF, CM, SM, NP, AS, RVT,
GG, MM, BLC, MLB. Methodology: JPB, AAK, SJS, GG. Project
Administration: JPB, AAK, SJS, MM, JTP, BLC, MLB. Resources:

JPB, AAK, SJS, GG. Software: GG. Supervision: JPB, AAK, SJS, MM,
JTP, BLC, MLB. Validation: JPB, AAK, SJS, GG. Visualization: JPB,
AAK, SJS. Writing- original draft: JPB. Writing- review & editing:
JPB, AAK, SJS, GEF, CM, SM, NP, AS, TVT, GG, MM, JTP, BLC, MLB.

In addition to the co-authors, the International Workshop on
Primary Hyperparathyroidism was composed of the following
individuals whose contributions to these guidelines are grate-
fully acknowledged. Andrew Arnold, Zhanna Balaya, Lorenz
Hofbauer, Karl Insogna, Andre Lacroix, Uri A. Liberman, Andrea
Palermo, Rene Rizzoli, Robert Wermers, Fadil M. Hannan, Jessica
Pepe, Cristiana Cipriani, Richard Eastell, Jian-min Liu, Ambrish
Mithal, Carolina A. Moreira, Munro Peacock, Barbara Silva,
Marcella Walker, Marlene Chakhtoura, Marian Schini, Ola El Zein,
Martin Almquist, Leonardo C. B. Farias, Quan-Yang Duh, Brian
H. Lang, Virginia LiVolsi, Mark Swayk, Menno R. Vriens, Thinh
Vu, Michael W. Yeh, Randy Yeh, Omar Shariq, Leyre L. Poch,
Francisco Bandeira, Filomena Cetani, Manju Chandran, Natalie
E. Cusano, Peter R. Ebeling, Jessica Gosnell, E. Michael Lewiecki,
Frederick R. Singer, Morten Frost, Anna Maria Formenti, Tatiana
Karonova, Neil Gittoes, Lars Rejnmark.

After completion but prior to submission, we became aware of
a publication by Bollerslev et al on the European Expert Consen-
sus on specific aspects of parathyroid disorders (European J
Endocrinol, 12-3-2021).

The societies that have endorsed these guidelines are listed
here: American Society for Bone and Mineral Research
(ASBMR); International Society of Endocrinology (ISE); Interna-
tional Association of Endocrine Surgeons (IAES); HypoPARAthy-
roidism Association, Inc.; AMEND; Parathyroid UK; FIRMO
Foundation; Brazilian Society of Endocrinology and Metabolism;
Endocrine Chapter of the Academy of Medicine, Singapore; Ital-
ian Society of Endocrinology (SIE); Italian Society of Orthopedics,
Medicine, and Rare Skeletal Diseases (ORTOMED); Australia
New Zealand Bone and Mineral Society (ANZBMS); Russian Asso-
ciation of Endocrinologists; Armenian Osteoporosis Association;
Society for Endocrinology andMetabolism of Turkey; Saudi Oste-
oporosis Society; Qatar Osteoporosis Association; Hungarian
Society for Endocrinology and Metabolism; Iranian Endocrinol-
ogy and Metabolism Research Institute; Romanian Society of
Endocrinology; Chilean Society of Endocrinology and Diabetes
(SOCHED); Japan Endocrine Society; Japanese Society for Bone
andMineral Research; Brazilian Society of Bone and BoneMetab-
olism (ABRASSO); Argentine Association of Osteology and Min-
eral Metabolism (AAOMM); Mexican Society of Nutrition and
Endocrinology; Afghanistan Endocrine Society; Endocrinology
and Diabetes Association of Mauritius; Philippine Society of
Endocrinology, Diabetes, and Metabolism (PSEDM); Korean
Endocrine Society; Mexican Society of Pediatric Endocrinology;
American Association of Clinical Endocrinology (AACE); Argen-
tine Association of Osteoporosis (SAO); Argentine Society of
Endocrinology (SAEM); Argentine Federation of Endocrine Socie-
ties (FASEN); Costa Rica Society of Endocrinology (ASCEND);
Canadian Society of Endocrinology and Metabolism (CSEM);
Bangladesh Endocrine Society; Endocrine Society of India;
Georgian Association of Skeletal Metabolism Diseases; German
Society of Endocrinology; Hellenic Society of Endocrine Sur-
geons; Hong Kong Society of Endocrinology, Metabolism, and
Reproduction (HKSEMR); HypoPara Support & Advocacy;
Indonesian Society of Endocrinology; Japan Association of Endo-
crine Surgery; Jordanian Osteoporosis Society; Kuwait Osteopo-
rosis Society; Lebanese Society of Endocrinology, Diabetes, and
Lipids; Peruvian Diabetes Association; Russian Association of
Endocrine Surgeons; Russian Association of Osteoporosis; South

Journal of Bone and Mineral Researchn 16 BILEZIKIAN ET AL.

 15234681, 0, D
ow

nloaded from
 https://asbm

r.onlinelibrary.w
iley.com

/doi/10.1002/jbm
r.4677 by D

alal S. A
li - Cochrane Canada Provision , W

iley O
nline Library on [07/11/2022]. See the Term

s and Conditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable Creative Com

m
ons License



Asian Federation of Endocrine Society (SAFES); Society for Endo-
crinology (UK); German Osteological Societies (Dachverband
Osteologie, DVO); Israel Endocrine Society; WORDMEN Int’l Conf
Committee; Chilean Society of Osteology and Mineral Metabo-
lism; Mexican Academy of Medicine; Italian Society for Osteopo-
rosis, Mineral Metabolism, and Bone Diseases (SIOMMMS);
Hellenic Endocrine Society; European Calcified Tissue Society
(ECTS); Canadian Endocrine Update (CEU).

Conflicts of Interest

JPB: Consultant for Amgen, Radius, Ascendis, Calcilytix, Takeda,
Amolyt, Rani Therapeutics, MBX, Novo-Nordisk, Ipsen,
Ultragenyx; Speaker for Amgen and Radius; Research, Abiogen.
AAK: Speaker for Amgen, Shire/Takeda, Ultragenyx, Alexion,
Chugai; grants from Alexion, Amgen, Amolyt, Ascendis, Chugai,
Radius, Takeda, Ultragenyx; consultant for Alexion, Amgen,
Amolyt, Ascendis, Chugai, Radius, Takeda, Ultragenyx. SM:
Speaker for Abiogen, Amgen, Bruno Farmaceutici, Diasorin, Eli
Lilly, Shire, Sandoz, Takeda; Advisory Board: Abiogen, Kyowa
Kirin, Pfizer, UCB. MM: Consultant for Takeda, Amolyt, and
Chugai; Grants from Takeda and Chugai. JTP: Consultant for
Radius Pharma. BLC: Consultant for Takeda/Shire, Amolyt
Pharma, Calcilytix; grants from Takeda/Shire, Ascendis. MLB:
Honoraria from Amgen, Bruno Farmaceutici, Calcilytix, Kyowa
Kirin, UCB; grants and/or speaker: Abiogen, Alexion, Amgen,
Bruno Farmaceutici, Echolight, Eli Lilly, Kyowa Kirin, SPA,
Theramex, UCB; consultant: Alexion, Amolyt, Bruno Farmaceutici,
Calcilytix, Kyowa Kirin, UCB. All other authors have nothing to
disclose.

Ethical Statement

These papers are retrospective reviews and did not require
ethics committee approval.

Peer Review

The peer review history for this article is available at https://
publons.com/publon/10.1002/jbmr.4677.

Data Availability Statement

The data that support the findings in this study are openly avail-
able in PubMed, MEDLINE, EMBASE, and the Cochrane
databases.

References

1. Bilezikian JP, Brandi ML, Eastell R, et al. Guidelines for the manage-
ment of asymptomatic primary hyperparathyroidism: summary
statement from the Fourth International Workshop. J Clin Endocri-
nol Metab. 2014;99(10):3561-3569.

2. Andrews J, Guyatt GH, Oxman AD, et al. GRADE guidelines: 14.
Going from evidence to recommendations: the significance and
presentation of recommendations. J Clin Epidemiol. 2013;66(7):
719-725.

3. Minisola S, Arnold A, Belaya Z, et al. Epidemiology, pathophysiology
and genetics of primary hyperparathyroidism. J Bone Miner Res.
2022 XX(X):XXX-XXX.

4. El-Hajj Fuleihan G, Chakhtoura M, Cipriani C, et al. Classical and non-
classical manifestations of primary hyperparathyroidism. J Bone
Miner Res. 2022 XX(X):XXX-XXX.

5. Perrier N, Lang B, Yeh MW, et al. Surgical aspects of primary hyper-
parathyroidism. J Bone Miner Res. 2022 XX(X):XXX-XXX.

6. Bilezikian JP, Silverberg SJ, Bandeira F, et al. Evaluation andmanage-
ment of primary hyperparathyroidism. J Bone Miner Res. 2022
XX(X):XXX-XXX.

7. Ye Z, Silverberg SJ, Bilezikian JP, et al. The efficacy and safety of sur-
gery and medical management in patients with asymptomatic pri-
mary hyperparathyroidism: a systematic review and meta-analysis
of randomized-controlled studies. J Bone Miner Res. 2022 XX(X):
XXX-XXX.

8. Yao L, Guyatt G, Ye K, et al. Methodology for the guidelines on eval-
uation and management of hypoparathyroidism and primary
hyperparathyroidism. J Bone Miner Res. 2022 XX(X):XXX-XXX.

9. Bjornsdottir S, Ing S, Mitchell DM, et al. Epidemiology and financial
burden of adult chronic hypoparathyroidism. J Bone Miner Res.
2022 XX(X):XXX-XXX.

10. Pasieka J, Cremers S, Dempster DW, et al. Etiology and pathophysi-
ology of hypoparathyroidism: a narrative review. J Bone Miner Res.
2022 XX(X):XXX-XXX.

11. MannstadtM, Cianferotti L, Gafni RI, et al. Approach to hypoparathy-
roidism: genetics and diagnosis or phenotypes of genetic hypo-
parathyroidism and current diagnostic approaches. J Bone Miner
Res. 2022 XX(X):XXX-XXX.

12. Khan AA, Guyatt G, Ali DS, et al. Management of hypoparathyroid-
ism. J Bone Miner Res. 2022 XX(X):XXX-XXX.

13. Khan AA, Bilezikian JP, Brandi ML, et al. Evaluation andmanagement
of hypoparathyroidism. J Bone Miner Res. 2022 XX(X):XXX-XXX.

14. Bartter FC. Reporting of phosphate and phosphorus plasma values.
Am J Med. 1981;71(5):848.

15. Griebeler ML, Kearns AE, Ryu E, Hathcock MA, Melton LJ 3rd,
Wermers RA. Secular trends in the incidence of primary hyperpara-
thyroidism over five decades (1965-2010). Bone. 2015;73:1-7.

16. YehMW, Ituarte PH, Zhou HC, et al. Incidence and prevalence of pri-
mary hyperparathyroidism in a racially mixed population. J Clin
Endocrinol Metab. 2013;98(3):1122-1129.

17. Heath H 3rd, Hodgson SF, Kennedy MA. Primary hyperparathyroid-
ism. Incidence, morbidity, and potential economic impact in a com-
munity. N Engl J Med. 1980;302(4):189-193.

18. Darba J, Marsa A. Epidemiology and management of parathyroid
gland disorders in Spain over 15 years: a retrospective multicentre
analysis. PLoS One. 2020;15(3):e0230130.

19. Abood A, Vestergaard P. Increasing incidence of primary hyperpara-
thyroidism in Denmark. Dan Med J. 2013;60(2):A4567.

20. Cusano NE, Silverberg SJ, Bilezikian JP. Normocalcemic primary
hyperparathyroidism. J Clin Densitom. 2013;16(1):33-39.

21. Ohe MN, Santos RO, Barros ER, et al. Changes in clinical and labora-
tory findings at the time of diagnosis of primary hyperparathyroid-
ism in a university hospital in Sao Paulo from 1985 to 2002. Braz J
Med Biol Res. 2005;38(9):1383-1387.

22. Eufrazino C, Veras A, Bandeira F. Epidemiology of primary hyper-
parathyroidism and its non-classical manifestations in the City of
Recife, Brazil. Clin Med Insights Endocrinol Diabetes. 2013;6:69-74.

23. Broulik P, Adamek S, Libansky P, Kubinyi J. Changes in the pattern of
primary hyperparathyroidism in Czech Republic. Prague Med Rep.
2015;116(2):112-121.

24. Borissova A-MI, Vlahov JD, Krivoshiev SG, et al. The prevalence of
hyperparathyroidism in the Bulgarian population—analysis of an
epidemiological study by the Bulgarian Society of Endocrinology
(BSE). Endocrinologia. 2012;XXIV:200-212.

25. Mokrysheva NG, Mirnaya SS, Dobreva EA, et al. Primary hyperpara-
thyroidism in Russia according to the registry. Probl Endokrinol.
2019;65(5):300-310.

26. Yadav SK, Johri G, Bichoo RA, Jha CK, Kintu-Luwaga R, Mishra SK. Pri-
mary hyperparathyroidism in developing world: a systematic
review on the changing clinical profile of the disease. Arch Endocri-
nol Metab. 2020;64(2):105-110.

27. Meng L, Liu S, Al-Dayyeni A, Sheng Z, Zhou Z, Wang X. Comparison
of initial clinical presentations between primary

Journal of Bone and Mineral Research GUIDELINES FOR EVALUATION AND MANAGEMENT OF PRIMARY HYPERPARATHYROIDISM 17 n

 15234681, 0, D
ow

nloaded from
 https://asbm

r.onlinelibrary.w
iley.com

/doi/10.1002/jbm
r.4677 by D

alal S. A
li - Cochrane Canada Provision , W

iley O
nline Library on [07/11/2022]. See the Term

s and Conditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable Creative Com

m
ons License

https://publons.com/publon/10.1002/jbmr.4677
https://publons.com/publon/10.1002/jbmr.4677


hyperparathyroidism patients from New Brunswick and Changsha.
Int J Endocrinol. 2018;2018:6282687.

28. Zhao L, Liu JM, He XY, et al. The changing clinical patterns of primary
hyperparathyroidism in Chinese patients: data from 2000 to 2010 in
a single clinical center. J Clin Endocrinol Metab. 2013;98(2):721-728.

29. Yao XA, Wei BJ, Jiang T, Chang H. The characteristics of clinical
changes in primary hyperparathyroidism in Chinese patients.
J Bone Miner Metab. 2019;37(2):336-341.

30. Sun B, Guo B, Wu B, et al. Characteristics, management, and out-
come of primary hyperparathyroidism at a single clinical center
from 2005 to 2016. Osteoporos Int. 2018;29(3):635-642.

31. Liu JM, Cusano NE, Silva BC, et al. Primary hyperparathyroidism: a
tale of two cities revisited—New York and Shanghai. Bone Res.
2013;1(2):162-169.

32. Fitzpatrick LA, Bilezikian JP. Acute primary hyperparathyroidism.
Am J Med. 1987;82(2):275-282.

33. Hedbäck G, Tisell LE, Bengtsson BA, Hedman I, Oden A. Premature
death in patients operated on for primary hyperparathyroidism.
World J Surg. 1990;14(6):829-835.

34. Hedbäck G, Odén A, Tisell LE. Parathyroid adenoma weight and the
risk of death after treatment for primary hyperparathyroidism. Sur-
gery. 1995;117(2):134-139.

35. Hedbäck G, Odén A. Increased risk of death from primary
hyperparathyroidism—an update. Eur J Clin Invest. 1998;28(4):
271-276.

36. PalmérM, Adami HO, BergströmR, AkerströmG, Ljunghall S. Mortal-
ity after surgery for primary hyperparathyroidism: a follow-up of
441 patients operated on from 1956 to 1979. Surgery. 1987;102(1):
1-7.

37. Lundgren E, Lind L, Palmér M, Jakobsson S, Ljunghall S, Rastad J.
Increased cardiovascular mortality and normalized serum calcium
in patients with mild hypercalcemia followed up for 25 years. Sur-
gery. 2001;130(6):978-985.

38. Yu N, Donnan PT, Leese GP. A record linkage study of outcomes in
patients with mild primary hyperparathyroidism: the Parathyroid
Epidemiology and Audit Research Study (PEARS). Clin Endocrinol
(Oxf). 2011;75(2):169-176.

39. Clifton-Bligh PB, Nery ML, Supramaniam R, et al. Mortality associ-
ated with primary hyperparathyroidism. Bone. 2015;74:121-124.

40. Wermers RA, Khosla S, Atkinson EJ, et al. Survival after the diagnosis
of hyperparathyroidism: a population-based study. Am JMed. 1998;
104(2):115-122.

41. Söreide JA, van Heerden JA, Grant CS, Yau Lo C, Schleck C,
Ilstrup DM. Survival after surgical treatment for primary hyperpara-
thyroidism. Surgery. 1997;122(6):1117-1123.

42. Reid LJ, Muthukrishnan B, Patel D, Seckl JR, Gibb FW. Predictors of
nephrolithiasis, osteoporosis, and mortality in primary hyperpara-
thyroidism. J Clin Endocrinol Metab. 2019;104(9):3692-3700.

43. Yu N, Leese GP, Donnan PT. What predicts adverse outcomes in
untreated primary hyperparathyroidism? The Parathyroid Epidemi-
ology and Audit Research Study (PEARS). Clin Endocrinol (Oxf).
2013;79(1):27-34.

44. Singh P, Bhadada SK, Dahiya D, et al. Reduced calcium sensing
receptor (CaSR) expression is epigenetically deregulated in parathy-
roid adenomas. J Clin Endocrinol Metab. 2020;105(9):3015-3024.

45. Corbetta S, Mantovani G, Lania A, et al. Calcium-sensing recep-
tor expression and signalling in human parathyroid adenomas
and primary hyperplasia. Clin Endocrinol (Oxf). 2000;52(3):
339-348.

46. Rizzoli R, Bonjour J-P. Physiology of calcium and phosphate homeo-
stasis. In Seibel MJ, Robins SP, Bilezikian JP, eds. Dynamics of Bone
and Cartilage Metabolism. San Diego, CA: Academic Press; 1999
pp 247-260.

47. Brown EM. Role of the calcium-sensing receptor in extracellular cal-
cium homeostasis. Best Pract Res Clin Endocrinol Metab. 2013;27(3):
333-343.

48. Hannan FM, Kallay E, ChangW, Brandi ML, Thakker RV. The calcium-
sensing receptor in physiology and in calcitropic and noncalcitropic
diseases. Nat Rev Endocrinol. 2018;15(1):33-51.

49. Regard JB, Sato IT, Coughlin SR. Anatomical profiling of G protein-
coupled receptor expression. Cell. 2008;135(3):561-571.

50. Corbetta S, Lania A, Filopanti M, Vicentini L, Ballare E, Spada A.
Mitogen-activated protein kinase cascade in human normal and
tumoral parathyroid cells. J Clin Endocrinol Metab. 2002;87(5):
2201-2205.

51. Fan Y, Liu W, Bi R, et al. Interrelated role of Klotho and calcium-
sensing receptor in parathyroid hormone synthesis and parathyroid
hyperplasia. Proc Natl Acad Sci U S A. 2018;115(16):E3749-E3758.

52. Goltzman D, Mannstadt M, Marcocci C. Physiology of the calcium-
parathyroid hormone-vitamin D Axis. Front Horm Res. 2018;50:1-13.

53. Ritter CS, Haughey BH, Armbrecht HJ, Brown AJ. Distribution and
regulation of the 25-hydroxyvitamin D3 1alpha-hydroxylase in
human parathyroid glands. J Steroid Biochem Mol Biol. 2012;
130(1-2):73-80.

54. Arnold A, Dennison E, Kovacs CS, et al. Hormonal regulation of bio-
mineralization. Nat Rev Endocrinol. 2021;17(5):261-275.

55. Rizzoli R, Fleisch H, Bonjour JP. Role of 1,25-dihydroxyvitamin D3 on
intestinal phosphate absorption in rats with a normal vitamin D
supply. J Clin Invest. 1977;60(3):639-647.

56. Pacifici R. Role of gut microbiota in the skeletal response to PTH.
J Clin Endocrinol Metab. 2021;106(3):636-645.

57. Bilezikian JP. Primary hyperparathyroidism. J Clin Endocrinol Metab.
2018;103:3993-4004.

58. Cetani F, Pardi E, Marcocci C. Parathyroid carcinoma. Front Horm
Res. 2019;51:63-76.

59. Cetani F, Marcocci C, Torregrossa L, Pardi E. Atypical parathyroid
adenomas: challenging lesions in the diagnosis of endocrine
tumors. Endocr Relat Cancer. 2019;26(7):R441-R464.

60. Mihai R, Sitges-Serra A. Multigland primary hyperparathyroidism—
frequently considered, seldom encountered. Langenbecks Arch
Surg. 2016;400(8):863-866.

61. Ahmad S, Kuraganti G, Steenkamp D. Hypercalcemic crisis: a clinical
review. Am J Med. 2015;128(3):239-245.

62. Silverberg SJ, Shane E, de la Cruz L, et al. Skeletal disease in primary
hyperparathyroidism. J Bone Miner Res. 1989;4(3):283-291.

63. Khosla S, Melton J 3rd. Fracture risk in primary hyperparathyroidism.
J Bone Miner Res. 2002;17(Suppl 2):N103-N107.

64. Lewiecki EM, Miller PD. Skeletal effects of primary hyperparathy-
roidism: bone mineral density and fracture risk. J Clin Densitom.
2013;16(1):28-32.

65. Munoz-Torres M, Manzanares Cordova R, Garcia-Martin A, et al. Use-
fulness of trabecular bone score (TBS) to identify Bone fragility in
patients with primary hyperparathyroidism. J Clin Densitom. 2019;
22(2):162-170.

66. Stein EM, Silva BC, Boutroy S, et al. Primary hyperparathyroidism is
associated with abnormal cortical and trabecular microstructure
and reduced bone stiffness in postmenopausal women. J Bone
Miner Res. 2013;28(5):1029-1040.

67. Silverberg SJ, Clarke BL, Peacock M, et al. Current issues in the pre-
sentation of asymptomatic primary hyperparathyroidism: proceed-
ings of the Fourth International Workshop. J Clin Endocrinol Metab.
2014;99(10):3580-3594.

68. Rejnmark L, Vestergaard P, Mosekilde L. Nephrolithiasis and renal
calcifications in primary hyperparathyroidism. J Clin Endocrinol
Metab. 2011;96(8):2377-2385.

69. Elkoushy MA, Yu AX, Tabah R, Payne RJ, Dragomir A, Andonian S.
Determinants of urolithiasis before and after parathyroidectomy
in patients with primary hyperparathyroidism. Urology. 2014;84(1):
22-26.

70. Ejlsmark-Svensson H, Bislev LS, Rolighed L, Sikjaer T, Rejnmark L.
Predictors of renal function and calcifications in primary hyperpara-
thyroidism: a nested case-control study. J Clin Endocrinol Metab.
2018;103(9):3574-3583.

71. Marini F, Cianferotti L, Giusti F, Brandi ML. Molecular genetics in pri-
mary hyperparathyroidism: the role of genetic tests in differential
diagnosis, disease prevention strategy, and therapeutic planning.
A 2017 update. Clin Cases Miner Bone Metab. 2017;14(1):60-70.

Journal of Bone and Mineral Researchn 18 BILEZIKIAN ET AL.

 15234681, 0, D
ow

nloaded from
 https://asbm

r.onlinelibrary.w
iley.com

/doi/10.1002/jbm
r.4677 by D

alal S. A
li - Cochrane Canada Provision , W

iley O
nline Library on [07/11/2022]. See the Term

s and Conditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable Creative Com

m
ons License



72. Eller-Vainicher C, Battista C, Guarnieri V, et al. Factors associated
with vertebral fracture risk in patients with primary hyperparathy-
roidism. Eur J Endocrinol. 2014;171(3):399-406.

73. Corbetta S, Eller-Vainicher C, Filopanti M, et al. R990G polymor-
phism of the calcium-sensing receptor and renal calcium excretion
in patients with primary hyperparathyroidism. Eur J Endocrinol.
2006;155(5):687-692.

74. Chang W, Tu CL, Jean-Alphonse FG, et al. PTH hypersecretion trig-
gered by a GABAB1 and Ca(2+)-sensing receptor heterocomplex
in hyperparathyroidism. Nat Metab. 2020;2(3):243-255.

75. Scillitani A, Guarnieri V, Battista C, et al. Primary hyperparathyroid-
ism and the presence of kidney stones are associated with different
haplotypes of the calcium-sensing receptor. J Clin Endocrinol
Metab. 2007;92(1):277-283.

76. Maraghelli D, Giusti F, Marini F, Brandi ML. Bone tissue and mineral
metabolism in hereditary endocrine tumors: clinical manifestations
and genetic bases. Orphanet J Rare Dis. 2020;15(1):102.

77. NHS Hyperparathyroidism. 2020. Available from: https://www.nhs.
uk/conditions/hyperparathyroidism

78. JamesMT, Zhang J, Lyon AW, Hemmelgarn BR. Derivation and inter-
nal validation of an equation for albumin-adjusted calcium. BMC
Clin Pathol. 2008;8:12. https://doi.org/10.1186/1472-6890-8-12.

79. Schini M, Hannan FM, Walsh JS, Eastell R. Reference interval for
albumin-adjusted calcium based on a large UK population.
Clin Endocrinol (Oxf). 2021;94:34-39. https://doi.org/10.1111/cen.
14326.

80. Minisola S, Pepe J, Cipriani C. Measuring serum calcium: total,
albumin-adjusted or ionized? Clin Endocrinol (Oxf). 2021;95(2):
267-268. https://doi.org/10.1111/cen.14362.

81. Pekar JD, Grzych G, Durand G, et al. Calcium state estimation by
total calcium: the evidence to end the never-ending story. Clin
Chem Lab Med. 2020;58(2):222-231.

82. Tee MC, Holmes DT, Wiseman SM. Ionized vs serum calcium in the
diagnosis andmanagement of primary hyperparathyroidism: which
is superior? Am J Surg. 2013;205(5):591-596.

83. Samarasinghe S, Meah F, Singh V, et al. Biotin interference with rou-
tine clinical immunoassays: understand the causes andmitigate the
risks. Endocr Pract. 2017;23(8):989-998.

84. Hannan FM, Howles SA, Rogers A, et al. Adapter protein-2 sigma
subunit mutations causing familial hypocalciuric hypercalaemia
type 3 (FHH3) demonstrate genotype-phenotype correlations,
codon bias and dominant-negative effects. Hum Mol Genet. 2015;
24(18):5079-5092.

85. Moore EC, Berber E, Jin J, Krishnamurthy V, Shin J, Siperstein A. Cal-
cium creatinine clearance ratio is not helpful in differentiating pri-
mary hyperparathyroidism from familial hypercalcemic
hypocalciuria: a study of 1000 pateients. Endocr Pract. 2018;24:11.

86. Fuleihan E-H, Brown EM, Heath H III. The familial benign hypocal-
ciuic hypercalcemia and neonatal primary hyperparathyroidism. In
Raisz L, Rodan G, Bilezikian JP, eds. Principles of Bone Biology.
New York: Academic Press; 2002 pp 1017-1030.

87. ArshadMF, McAllister J, Merchant A, et al. Urinary calcium indices in
primary hyperparathyroidism (PHPT) and familial hypocalciuric
hypercalcaemia (FHH): which test performs test? Postgrad Med J.
2021;97(1151):577-582.

88. McKnight RF, Adida M, Budge K, Stockton S, Goodwin GM,
Geddes JR. Lithium toxicity profile: a systematic review and meta-
analysis. Lancet. 2012;379(9817):721-728.

89. Jacobs TP, Bilezikian JP. Rare causes of hypercalcemia. J Clin Endo-
crinol Metab. 2005;90:6316-6322.

90. Motlaghzadeh Y, Bilezikian JP, Sellmeyer DE. Rare causes of hyper-
calcemia: 2021 update. J Clin Endocrinol Metab. 2021;106:3113-
3128.

91. Albright F, Aub JC, Bauer W. Hyperparathyroidism: a common and
polymorphic condition as illustrated by seventeen proved cases
from one clinic. JAMA. 1934;102:1276-1287.

92. Osorio I, Lorente-Poch L, Sancho JJ, Sitges-Serra A. Spontaneous
neck hematoma due to rupture of parathyroid adenoma: report of
3 cases and literature review. Endocrinol Nutr. 2014;61:e5-e6.

93. Silva BC, Cusano NE, Bilezikian JP. Primary hyperparathyroidism.
Best Pract Res Clin Endocrinol Metab. 2018;32:593-597. https://doi.
org/10.1016/j.beem.2018.09.013.

94. Schini M, Jacques RM, Oakes E, Peel NFA, Walsh JS, Eastell R. Normo-
calcemic hyperparathyroidism: study of its prevalence and natural
history. J Clin Endocrinol Metab. 2020;105(4):e1171-e1186.
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