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Abstract

Parathyroid gland disorders are rare conditions with an incidence that displays great vari-
ability among populations. Its direct influence in calcium homeostasis originates variable
symptoms that affect bone remodelling among other processes. This study aimed to provide
data on the epidemiology and characteristics of patients admitted with these disorders in
Spain between 2003 and 2017, and to analyse disease management and direct medical
costs. Medical records in which a disorder of the parathyroid gland was registered as the
admission motive were extracted from a nationwide hospital-discharge database via the
Spanish Ministry of Health. Records from 12,903 patients were obtained, with predomi-
nance of female patients (74.70%) and of admissions due to hyperparathyroidism (90.23%).
The number of patients admitted per year increased over the study period along the inci-
dence of these disorders. The year 2017 incidence of hyperparathyroidism was 2.95 per
10,000, 4.03 per 10,000 in females and 1.37 in males; the same year, the incidence of hypo-
parathyroidism was 0.17 per 10,000. Length of hospital stay was significantly extended in
patients with hypoparathyroidism (7.16 days), admitted mostly due to emergencies. Heart
failure was diagnosed in more than 20% of admissions in patients with secondary and ter-
tiary hyperparathyroidism and hypoparathyroidism, while this last group displayed the high-
est levels of mineral metabolism disruption. Parathyroidectomy was performed in 78.95% of
all admissions for primary hyperparathyroidism. The total annual direct medical cost para-
thyroid gland disorders has increased over the study period, due to the increase of the costs
associated to hyperparathyroidism, whereas the cost per patient remained relatively stable,
with an average of €3,748, €3,430 and €3,737 for patients with hyperparathyroidism, hypo-
parathyroidism and other disorders of the parathyroid gland, respectively. This study pro-
vides novel data to extend the scarce available knowledge on parathyroid gland disorders’
epidemiology and management in Spain.

Introduction

The disorders of the parathyroid glands are heterogeneous rare conditions generally characterised
by the misregulation of calcium homeostasis due alterations in the secretion of parathormone
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(PTH), which, in normal conditions, regulates serum calcium levels [1,2]. Primary hyperparathy-
roidism (hyperPT) is the most common of these disorders, defined by the finding of hypercalcae-
mia alongside an increased serum PTH concentration [3]. Its incidence appears to correlate with
age, with the highest rates found after the 55 years of age, and it is 3-4 times more frequent in
females than in males [4,5]. Its overall incidence displays great variability within populations, vari-
ous studies worldwide estimate annual incidence rates of around 2-4 per 10,000 individuals,
although other estimations have reached the 80-90 per 10,000, in all cases with great fluctuations
over time [5-7]. The diagnosis of asymptomatic patients via serum calcium screening is not rare;
yet, the principal symptoms of hyperPT arise from the hypercalcaemia and may include fatigue,
mild depression, polyuria and augmented bone remodelling with an increased risk of fracture
[8,9]. In terms of management, when present, life-threatening hypercalcaemia is treated; subse-
quently, symptomatic patients are generally subjected to parathyroidectomy [9]. For asymptom-
atic patients, specific guidelines must be consulted. Secondary hyperPT, frequently derived from
chronic kidney disease (CKD), and tertiary hyperPT, that follows long-standing secondary
hyperPT with hypercalcaemia, are rarer parathyroid gland disorders presenting symptoms of
bone, organic and metabolic disorders [10,11]. These forms are primarily pharmacologically
treated and may occasionally require parathyroid surgery [10,12].

On the other hand, hypoparathyroidism (hypoPT) is a less common parathyroid gland dis-
order, characterised by low calcium levels in the blood serum due to inadequately low parathy-
roid hormone (PTH) levels [13]. Its incidence is around 1-3 per 10,000 and it is in most cases
associated to a previous intervention to the neck, including total thyroidectomy [14-16]. Its
symptoms result from the underlying hypocalcaemia causing increased neuromuscular irrita-
bility and typically appear along an increased bone mineral density and reduced bone remod-
elling, all pharmacologically treated [15,17].

The scarce and variable existent epidemiologic data for parathyroid gland disorders repre-
sents a major limitation that hampers the analysis of the management and costs of these disor-
ders, and the use of real-world data for the development of management and treatment
guidelines. This study aimed to provide data on the characteristics of patients admitted with
parathyroid gland disorders in secondary care centres in Spain, along with an analysis of dis-
ease incidence, management and direct medical costs in the country.

Methods
Data extraction

Admission records corresponding to patients admitted with a parathyroid gland disorder in
secondary healthcare centres (hospitals and specialised care centres) in Spain between 2003
and 2017 were obtained from the Spanish discharge database for Hospitalisation and Special-
ised Care via the Spanish Ministry of Health.

The dataset is codified using the 9th revision of the International Statistical Classification of
Diseases and Related Health Problems (ICD9) until 2015 and the 10" revision (ICD10) after
2016. The records of patients with a parathyroid gland disorder registered as the admission
motive were identified using the codes: 252.xx, E20.x and E21.x. The codes to identify the dif-
ferent classes of hyperPT were introduced in 2006. Extraction criteria claimed 13,897 files that
corresponded to 12,903 single patients.

Files did not contain any parameters identifying healthcare centres and medical history,
which are re-coded within the database maintaining records anonymised, in accordance with
the principles of Good Clinical Practice and the Declaration of Helsinki. This research did not
involve human participants and there was no access to identifying information; in this context
the Spanish legislation does not require patient consent and ethics committee approval [18].
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Data analysis

The first admission per patient registered during the study period was used for patient classifi-
cation and description. The direct medical costs of secondary care were calculated based on
the standardised average expenses of admissions and medical procedures determined by the
Spanish Ministry of Health, including all expenses related to the admission (examination,
medication, surgery, costs associated to personnel, medical equipment and resources) and
excluding the costs of prescription medication.

Descriptive values are presented using mean and standard deviation (SD) or data range.
Incidence was estimated as the proportion of patients admitted with parathyroid gland disor-
ders within the database, excluding the groups with an insufficient annual patient number to
preserve data reliability. Odds ratio (OR) with 95% confidence interval (CI) were used to eval-
uate associations in the diagnosis of comorbidities as indicated. Two-tailed T-student or one-
way analysis of variance were used as appropriate, with a p<0.05 considered statistically signif-
icant. Statistical analyses were performed using Microsoft Excel© Professional Plus 2010
(Microsoft Corporation, Redmond, WA, USA).

Results

Between 2003 and 2017, 13,897 admissions, corresponding to 12,903 patients, were registered
in the database with a disorder of the parathyroid gland registered as an admission motive.
Most of the patients included in the study were admitted due to hyperparathyroidism
(90.23%), and female patients were predominant across all groups (Table 1). Due to the late
introduction of the codes corresponding to primary, secondary and tertiary hyperPT, a large
number of patients were registered with an unspecified type of hyperPT.

The annual number of single-patients admitted with hyperparathyroidism in healthcare
centres in Spain increased over the study period (Fig 1A). Interestingly, patients’ mean age at
admission increased over the years, from 59.02 years in 2003 to 61.07 years in 2017 in the
group of patients with hyperPT (p<0.001), and remained stable in the group of patients with
hypoPT.

The incidence of hyperparathyroidism was 2.33 per 10,000 individuals as calculated during
the study period, whereas the incidence of hypoparathyroidism was 0.20 per 10,000 (Fig 1B).
The year 2017 incidence of hyperPT was 2.95 per 10,000, 4.03 per 10,000 in females and 1.37
in males; the same year, the incidence of hypoPT was 0.17 per 10,000.

The vast majority of admissions due to hyperPT were scheduled (86.34%), whereas 85.69%
of the admissions registered due to hypoPT were urgent and non-scheduled. Only 37 (0.27%)

Table 1. Characteristics of patients admitted with disorders of the parathyroid gland in hospitals and specialised care centres.

Patient characteristics Admissions Patients % females Age (SD)
Disorders of the parathyroid gland 13,897 12,903 74.70 59.03 (15.58)
Hyperparathyroidism 12,539 11,667 74.05 59.70 (14.70)
Primary 8,080 7,518 72.17 59.98 (14.58)
Secondary 175 155 75.48 59.39 (17.87)
Tertiary 226 201 79.10 53.99 (15.09)
Unspecified 4,058 3,793 77.43 59.47 (14.87)
Hypoparathyroidism 1,069 955 82.72 52.72 (21.87)
Other specified disorders of the parathyroid gland * 230 224 74.11 52.01 (18.71)
Unspecified disorder of the parathyroid gland 59 57 75.44 54.96 (19.29)

* Haemorrhage of the parathyroid gland or cyst of the parathyroid gland.

https://doi.org/10.1371/journal.pone.0230130.t001
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of all registered admissions were outpatient admissions, 34 due to hyperPT. Mean length of
hospital stay (LOHS) was 4.57 days (0-144) for patients with hyperPT, and significantly pro-
longed in patients with hypoPT, averaging 7.16 days (0-72) (p<0.001). In addition, this
parameter was found to decrease significantly over time from 6.19 days and 7.80 days in 2003
to 3.35 days and 6.50 days in 2017 for admissions due to hyperPT and hypoPT, respectively
(p<0.001) (Fig 2A).

Patients with hyperPT were predominantly discharged by General Surgery services and
those admitted with hypoPT were discharged by Internal Medicine and Endocrinology ser-
vices (Fig 2B).

Secondary conditions registered on admission were analysed per subgroups of patients
(Table 2). Various conditions were more frequently diagnosed in patients with hyperPT versus
those with hypoPT, indicating the distinctive nature of these disorders, as essential hyperten-
sion (OR = 1.40, 95%CI 1.22-1.61), benign neoplasms of the parathyroid gland (OR = 30.71,
95%CI 12.74-74.03) and osteoporosis (OR = 5.09, 95%CI 3.29-7.87).

The type of admission was associated with specific conditions; particularly, urgent admis-
sions were associated with disorders of mineral metabolism (OR = 4.16, 95%CI 3.80-4.57),
heart failure (OR = 1.81, 95%CI 1.63-2.00) and anaemia (OR = 3.11, 95%CI 2.62-3.70).

The medical procedures registered during the admission were analysed separately, revealing
interesting information on patients’ condition and disease management (Table 3). In 69.11%
of all admissions for hyperPT a parathyroidectomy was performed. Diagnostic imaging tech-
niques were common in all patient groups, focusing on the parathyroid and thyroid glands
and the analysis of bone density.

In a follow-up analysis focused on patients admitted for primary hyperPT, solely 15.50% of
these patients were not subjected to parathyroidectomy during the study period. With a mean
age of 64.31 (SD = 16.45), these patients were older than those with primary hyperPT that
underwent parathyroid excision or resection (p<0.001), and diagnoses of hypercalcaemia
(OR =3.03, 95%CI 2.60-3.55) and heart failure (OR = 2.05, 95%CI 1.75-2.42) were increased
in this group. In addition, 18.81% of these patients were subjected to a thyroidectomy.

In terms of healthcare costs, the total annual direct medical cost parathyroid gland disor-
ders has increased over the study period, due to the increase of the costs associated to hyperPT
(Fig 3A), whereas no clear trend was identified in the cost per patient, due to groups with a
small patient number and the big effects observed due to specific patients requiring intensive
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Fig 1. (A) Single-patients admitted with hyperparathyroidism (hyperPT), hypoparathyroidism (hypoPT) and other parathyroid gland disorders and (B) incidence of
parathyroid gland disorders in Spain over time (2003-2017).

https://doi.org/10.1371/journal.pone.0230130.9001
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Fig 2. (A) Length of hospital stay over time and (B) principal services registered at discharge in patients with hyperparathyroidism (hyperPT) and hypoparathyroidism
(hypoPT). GS, General Surgery; ORL, Otorhinolaryngology; IM, Internal Medicine; END, Endocrinology.

https://doi.org/10.1371/journal.pone.0230130.9002

levels of care (Fig 3B). Nevertheless, data suggests a decrease in the cost per patient between
2011 and 2014.

The mean annual direct medical cost per patient with hyperPT was €3,748, €3,430 for those
with hypoPT, and the annual cost per patient in those admitted with other disorders of the
parathyroid gland was €3,737. Overall, the cost per admission increased significantly over the
years, from a mean of €2,869, €2,510 and €2,779 in 2003 to €3,726, €3,666 and €3,668 in 2017
for patients with hyper PT, hypoPT and other disorders of the parathyroid gland, respectively

(p<0.001).This cost was significantly higher in patients with hyperPT hospitalised for more
than 50 days, reaching the €7,176 (p<0.001).

Discussion

While few studies have explored the epidemiology and overall status of parathyroid gland dis-
orders in Spain, data indicates an increase of their incidence within the Spanish population.

Table 2. Secondary conditions registered in more than 10% of all admissions of patients with parathyroid gland disorders.

Secondary diagnoses associated to disorders of the Admissions, %
parathyroid gland Primary HyperPT Secondary HyperPT Tertiary HyperPT HypoPT
N = 8,080 N=175 N =226 N =1,069
Unspecified essential hypertension 33.66 26.29 34.96 23.57
Hypercholesterolaemia and hyperlipidaemia 18.99 20.57 26.55 16.09
Disorders of mineral metabolism 12.92 21.72 22.12 59.03
Hypercalcaemia 8.97 9.14 7.08 3.09
Hypocalcaemia 2.24 8.00 5.75 40.41
Magnesium 0.33 2.86 2.21 8.98
Benign neoplasm 21.18 18.86 7.96 2.53
Parathyroid gland 16.91 14.29 5.31 0.47
Heart failure 10.83 21.71 23.89 20.58
Atrial fibrillation 3.81 8.57 3.98 6.08
Diabetes 12.96 16.00 12.39 12.16
Osteoporosis 11.06 9.14 5.31 1.96
Hypertensive chronic kidney disease 3.95 15.43 16.81 4.40
Anaemia 3.04 12.00 7.52 10.01
https://doi.org/10.1371/journal.pone.0230130.t002
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Table 3. Medical procedures registered during the admission of patients with parathyroid gland disorders.

Medical procedures registered during the admission

Admissions, %

Primary HyperPT Secondary HyperPT Tertiary HyperPT HypoPT
N = 8,080 N=175 N =226 N =1,069

Surgical and therapeutic procedures
Parathyroidectomy 78.95 51.94 70.21 2.44
Thyroidectomy 12.92 6.20 14.36 0.61
Thyroid and parathyroid tissue reimplantation 1.39 3.88 13.30 0.92
Thymectomy and other excision of thymus 1.19 3.38 5.32 0.00
Injection or infusion of a therapeutic substance 6.03 8.53 8.51 19.13
Injection or infusion of electrolytes 437 6.98 3.72 6.10
Hemodialysis 0.42 3.10 7.45 0.71
Diagnosis and imaging procedures
Diagnostic ultrasound 14.38 19.60 14.36 16.09
Head and neck 7.41 6.98 6.38 4.78
Biopsy of thyroid or parathyroid gland 6.06 3.88 5.32 0.92
Microscopic examination of blood 5.06 12.40 5.32 12.61
X-ray of various sites 4.89 17.05 4.79 12.72
Electrocardiogram 4.31 8.53 5.85 6.94
Parathyroid radioisotope scan 3.74 5.43 3.19 0.51
Thyroid scan and radioisotope function studies 3.32 4.65 2.13 0.20
Computerized axial tomography of head 3.16 6.20 3.19 11.29
Computerized axial tomography of abdomen 2.68 3.88 3.19 2.95
Computerized axial tomography of thorax 2.38 5.43 2.13 3.46
Bone radioisotope scan and density studies 2.04 4.65 1.06 1.02
Magnetic resonance imaging 1.38 5.43 2.66 4.07
Measurement of systemic arterial/venous blood gases 1.35 3.88 4.79 7.73
Microscopic examination of specimen from bladder and of 1.11 5.43 4.79 3.87

urine

https://doi.org/10.1371/journal.pone.0230130.t003

A)

Preliminary results obtained from a single centre in the north of Spain suggested an incidence
rate of primary hyperPT that rapidly increased over the years and reached the 2.14 per 10,000
females between 2010 and 2014 [19]. The incidence of parathyroid gland disorders established
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Fig 3. (A) Total annual direct medical cost of secondary care of parathyroid gland disorders (N = 12,903) and (B) annual direct medical cost per patient (2003-2017).

https://doi.org/10.1371/journal.pone.0230130.9003
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in the present study, based on the evaluation of data obtained for the whole country, is not dis-
tant from those figures. The incidence of hyperPT also increased between 2003 and 2017,
although data is not directly comparable. Similarly, estimations appear in line with measures
obtained in the United States [5-7,9]. Such increasing tendencies could be correlated to an
improvement in the diagnosis of these disorders.

Patients with parathyroid gland disorders admitted in hospitals and specialised care centres
in Spain were mostly females and principally diagnosed with hyperPT. Interestingly, mean age
was inferior in patients admitted with hypoPT (52.72 years) versus those with hyperPT (59.70
years). Further analysis described a group of patients that exhibited frequent diagnoses of
essential hypertension, similarly to what was observed in the total hospitalised population the
year 2015 (29.89%) [20]. In addition, in 16.91% of the admissions of patients with primary
hyperPT underlying benign parathyroid tumours were registered, a percentage that is rela-
tively low, as it was the diagnosis in-situ of hypercalcaemia. These conditions may not be regis-
tered in all of the admissions in previously diagnosed patients, in which clinicians may register
hyperPT only; additionally, previous diagnoses obtained in primary care centres cannot be dis-
carded. Contrarily, 40.41% of the patients with hypoPT were diagnosed with hypocalcaemia
upon admission. In fact, exacerbated symptoms of hyper and hypocalcaemia, anaemia and
heart failure were seemingly the reason for urgent admissions, registered principally in
patients with hypoPT.

The rarity of these disorders has complicated its management and the standardisation of
protocols. However, previous data indicates a slow implementation of international guidelines
in the country, specifically, the application of the recommendations from the Third Interna-
tional Workshop for the management of primary hyperPT [21,22]. Further analyses of guide-
line adherence are not available for Spain; yet, its application cannot be discarded. In 2012, a
consensus document was published by the Bone Metabolism Working Group of the Spanish
Society of Endocrinology for the evaluation and follow-up of patients with normocalcemic pri-
mary hyperPT [23]. In parallel, international Workshop guidelines were updated in 2014 with
recommendations to evaluate renal and skeletal involvement prior to parathyroid surgery in
patients with primary hyperPT, while maintain the recommended age under 50 years [24].
The most recent guidelines for the management and treatment of primary hyperPT have been
published by the National Institute for Health and Care Excellence of England and the PARAT
program focusing on parathyroid gland disorders established by The European Society of
Endocrinology [3,25]. Similarly, recommendations have been established for secondary and
tertiary hyperPT and hypoPT [10,17].

Data herein suggests general guideline adherence, although this cannot be evaluated in
detail. Diagnosis imaging techniques and blood examination were common in all patient
groups. Almost 80% of the patients that were diagnosed with primary hyperPT were subjected
to parathyroidectomy, leaving out a group of older patients with more frequent diagnoses of
heart failure. The injection or infusion in-hospital of a therapeutic substance was increased in
patients with hypoPT without further description.

On the other hand, internal Spanish dynamics may have influenced disease management.
The decrease measured in the LOHS, coincides with a general decrease in this parameter
described in the total hospitalised Spanish population over the past 20 years [20]. In addition,
the annual increase of total medical costs correlates with the increase measured in the number
of single patients admitted per year, with medical costs that only declined between 2011 and
2014, coinciding with a general decrease of hospitalisation costs in Spain due to budget adjust-
ments during the economic crisis [20]. Data suggests an effect in the cost per patient that could
not be measured directly due to the large variation measured among patients.
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Finally, reference measures for the medical cost of parathyroid gland disorders are scarce.
The year 2000, the estimated cost of minimally invasive parathyroidectomy for primary
hyperPT was approximately €5,900, whereas the estimated cost associated to hypoPT was
€5,036 in 2013, both measured in the United States [26,27]. Annual costs measured in the
present study would be in line with such calculations, and the average €3,748, €3,430 and
€3,737 estimated herein for patients with hyperPT, hypoPT and other disorders of the parathy-
roid gland, respectively, would represent a 2.3 fold increase on average versus the hospitalisa-
tion costs estimated for the total Spanish population [20].

Additional limitations may have influenced the results of this study. Only patients that have
been admitted in hospitals and specialised care centres (inpatient and outpatient) are included
in the study. This could introduce a bias, considering that, for some patients, diagnosis could
be achieved in primary care centres. In addition, the database providing this data is codified
with ICD9 and ICD10 codes, thus, data veracity is subjected to the accuracy of codification
achieved within care centres. The codes identifying primary and secondary hyperPT were not
fully used until 2006; its slow introduction and the large number of patients with an unspeci-
fied type of hyperPT impeded the estimation of incidence and any temporal analysis per each
hyperPT type. Future evaluations in Spain and other European countries will be required to
validate these results and to extend the analysis of parathyroid gland disorders epidemiology
to other countries.

Conclusions

Data describing the epidemiology and burden of disorders of the parathyroid gland is scarce,
which hampers the formulation of clinical guidelines based on real-world data. This study
describes patient profile, management and cost of these disorders in Spain, as well as its inci-
dence, that continues to increase. Despite the relevance of primary hyperPT, the development
and revision of management guidelines focusing on hypoPT patients appears necessary, con-
sidering the large percentage of patients requiring urgent care.

Author Contributions
Conceptualization: Josep Darba.

Data curation: Alicia Marsa.

Formal analysis: Alicia Marsa.
Methodology: Alicia Marsa.

Project administration: Josep Darba.
Supervision: Josep Darba.

Writing - original draft: Alicia Marsa.

Writing - review & editing: Josep Darba.

References
1.  Michels TC, Kelly KM. Parathyroid disorders. Am Fam Physician. 2013 Aug 15; 88(4):249-57. PMID:
23944728

2. Corbetta S, Mantovani G, Spada A. Metabolic Syndrome in Parathyroid Diseases. Front Horm Res.
2018; 49:67-84. https://doi.org/10.1159/000486003 PMID: 29895021

3. National Institute for Health and Care Excellence (NICE). Hyperparathyroidism (primary): diagnosis,
assessment and initial management. NICE Guideline, No. 132. London: National Institute for Health
and Care Excellence (UK); 2019.

PLOS ONE | https://doi.org/10.1371/journal.pone.0230130 March 10, 2020 8/10


http://www.ncbi.nlm.nih.gov/pubmed/23944728
https://doi.org/10.1159/000486003
http://www.ncbi.nlm.nih.gov/pubmed/29895021
https://doi.org/10.1371/journal.pone.0230130

PLOS ONE

Epidemiology and management of parathyroid gland disorders in Spain

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Yu N, Donnan PT, Murphy MJ, Leese GP. Epidemiology of primary hyperparathyroidism in Tayside,
Scotland, UK. Clin Endocrinol (Oxf). 2009; Oct; 71(4):485-93.

Yeh MW, Ituarte PH, Zhou HC, Nishimoto S, Liu IL, Harari A, et al. Incidence and prevalence of primary
hyperparathyroidism in a racially mixed population. J Clin Endocrinol Metab. 2013 Mar; 98(3):1122-9.
https://doi.org/10.1210/jc.2012-4022 PMID: 23418315

Wermers RA, Khosla S, Atkinson EJ, Achenbach SJ, Oberg AL, Grant CS, et al. Incidence of primary
hyperparathyroidism in Rochester, Minnesota, 1993-2001: an update on the changing epidemiology of
the disease. J Bone Miner Res. 2006 Jan; 21(1):171-7. https://doi.org/10.1359/JBMR.050910 PMID:
16355286

Clarke BL. Epidemiology of primary hyperparathyroidism. J Clin Densitom. 2013 Jan-Mar; 16(1):8—13.
https://doi.org/10.1016/j.jocd.2012.11.009 PMID: 23374735

Koumakis E, Souberbielle JC, Payet J, Sarfati E, Borderie D, Kahan A, et al. Individual site-specific
bone mineral density gain in normocalcemic primary hyperparathyroidism. Osteoporos Int. 2014 Jul; 25
(7):1963-8. https://doi.org/10.1007/s00198-014-2689-2 PMID: 24676846

Bilezikian JP, Bandeira L, Khan A, Cusano NE. Hyperparathyroidism. Lancet. 2018 Jan 13; 391
(10116):168—178. https://doi.org/10.1016/S0140-6736(17)31430-7 PMID: 28923463

Portillo MR, Rodriguez-Ortiz ME. Secondary Hyperparthyroidism: Pathogenesis, Diagnosis, Preventive
and Therapeutic Strategies. Rev Endocr Metab Disord. 2017 Mar; 18(1):79-95. https://doi.org/10.1007/
s$11154-017-9421-4 PMID: 28378123

Messa P, Alfieri CM. Secondary and Tertiary Hyperparathyroidism. Front Horm Res. 2019; 51:91-108.
https://doi.org/10.1159/000491041 PMID: 30641516

Pronai W, Rosenkranz AR, Bock A, Klauser-Braun R, Jager C, Pendl G, et al. Management of second-
ary hyperparathyroidism: practice patterns and outcomes of cinacalcet treatment with or without active
vitamin D in Austria and Switzerland—the observational TRANSIT Study. Wien Klin Wochenschr. 2017
May; 129(9-10):317-328. https://doi.org/10.1007/s00508-016-1153-z PMID: 28091752

Bollerslev J, Rejnmark L, Marcocci C, Shoback DM, Sitges-Serra A, van Biesen W et al. European Soci-
ety of Endocrinology Clinical Guideline: Treatment of chronic hypoparathyroidism in adults. Eur J Endo-
crinol. 2015 Aug; 173(2):G1-20. https:/doi.org/10.1530/EJE-15-0628 PMID: 26160136

Clarke BL, Brown EM, Collins MT, Jippner H, Lakatos P, Levine MA, et al. Epidemiology and Diagnosis
of Hypoparathyroidism. J Clin Endocrinol Metab. 2016 Jun; 101(6):2284-99. https://doi.org/10.1210/jc.
2015-3908 PMID: 26943720

Mannstadt M, Bilezikian JP, Thakker RV, Hannan FM, Clarke BL, Rejnmark L, et al. Hypoparathyroid-
ism. Nat Rev Dis Primers. 2017 Aug 31; 3:17055. https://doi.org/10.1038/nrdp.2017.55 PMID:
28857066

Clarke BL. Epidemiology and Complications of Hypoparathyroidism. Endocrinol Metab Clin North Am.
2018 Dec; 47(4):771-782. https://doi.org/10.1016/j.ecl.2018.07.004 PMID: 30390812

Brandi ML, Bilezikian JP, Shoback D, Bouillon R, Clarke BL, Thakker RV, et al. Management of Hypo-
parathyroidism: Summary Statement and Guidelines. J Clin Endocrinol Metab. 2016 Jun; 101(6):2273—
83. https://doi.org/10.1210/jc.2015-3907 PMID: 26943719

Law 14/2007, 3 July, on biomedical research (BOE, 4 July 2007). Rev Derecho Genoma Hum. 2007
Jan-Jun; (26):283-325.

Ramos L, Mufioz P, Piedra M, Vazquez L, Amado JA. Epidemiology of primary hyperparathyroidism in
Santander, Spain [abstract]. Endocrine Abstracts. 2018; 56 P213.

Heatlh data. Unit of Health Care Information and Statistics of the Spanish Ministry of Health. Available
at https://www.mscbs.gob.es/estadEstudios/sanidadDatos/home.htm Accessed 5 Dec 2019.

Bilezikian JP, Khan AA, Potts JT Jr; Third International Workshop on the Management of Asymptomatic
Primary Hyperthyroidism. Guidelines for the management of asymptomatic primary hyperparathyroid-
ism: summary statement from the third international workshop. J Clin Endocrinol Metab. 2009 Feb; 94
(2):335-9. https://doi.org/10.1210/jc.2008-1763 PMID: 19193908

Mufioz Torres M, Jodar Gimeno E, Reyes Garcia R, Martinez Diaz Guerra G, Amado JA, Gaztambide
S, et al. Results from a national survey on the management of primary hyperparathyroidism. J Endocri-
nol Invest. 2012 Dec; 35(11):957—63. https://doi.org/10.3275/8184 PMID: 22183161

Martinez Diaz-Guerra G1, Jodar Gimeno E, Reyes Garcia R, Gomez Saez JM, Mufioz-Torres M;
Grupo de Trabajo de Metabolismo Mineral y Oseo de la Sociedad Espafiola de Endocrinologia y Nutri-
cion. [Normocalcemic primary hyperparathyroidism: Recommendations for management and follow-
up]. Endocrinol Nutr. 2013 Oct; 60(8):456.e1-6.

Bilezikian JP, Brandi ML, Eastell R, Silverberg SJ, Udelsman R, Marcocci C, et al. Guidelines for the
management of asymptomatic primary hyperparathyroidism: summary statement from the Fourth

PLOS ONE | https://doi.org/10.1371/journal.pone.0230130 March 10, 2020 9/10


https://doi.org/10.1210/jc.2012-4022
http://www.ncbi.nlm.nih.gov/pubmed/23418315
https://doi.org/10.1359/JBMR.050910
http://www.ncbi.nlm.nih.gov/pubmed/16355286
https://doi.org/10.1016/j.jocd.2012.11.009
http://www.ncbi.nlm.nih.gov/pubmed/23374735
https://doi.org/10.1007/s00198-014-2689-2
http://www.ncbi.nlm.nih.gov/pubmed/24676846
https://doi.org/10.1016/S0140-6736(17)31430-7
http://www.ncbi.nlm.nih.gov/pubmed/28923463
https://doi.org/10.1007/s11154-017-9421-4
https://doi.org/10.1007/s11154-017-9421-4
http://www.ncbi.nlm.nih.gov/pubmed/28378123
https://doi.org/10.1159/000491041
http://www.ncbi.nlm.nih.gov/pubmed/30641516
https://doi.org/10.1007/s00508-016-1153-z
http://www.ncbi.nlm.nih.gov/pubmed/28091752
https://doi.org/10.1530/EJE-15-0628
http://www.ncbi.nlm.nih.gov/pubmed/26160136
https://doi.org/10.1210/jc.2015-3908
https://doi.org/10.1210/jc.2015-3908
http://www.ncbi.nlm.nih.gov/pubmed/26943720
https://doi.org/10.1038/nrdp.2017.55
http://www.ncbi.nlm.nih.gov/pubmed/28857066
https://doi.org/10.1016/j.ecl.2018.07.004
http://www.ncbi.nlm.nih.gov/pubmed/30390812
https://doi.org/10.1210/jc.2015-3907
http://www.ncbi.nlm.nih.gov/pubmed/26943719
https://www.mscbs.gob.es/estadEstudios/sanidadDatos/home.htm
https://doi.org/10.1210/jc.2008-1763
http://www.ncbi.nlm.nih.gov/pubmed/19193908
https://doi.org/10.3275/8184
http://www.ncbi.nlm.nih.gov/pubmed/22183161
https://doi.org/10.1371/journal.pone.0230130

PLOS ONE

Epidemiology and management of parathyroid gland disorders in Spain

25.

26.

27.

International Workshop. J Clin Endocrinol Metab. 2014 Oct; 99(10):3561-9. https://doi.org/10.1210/jc.
2014-1413 PMID: 25162665

Bollerslev J, Schalin-Jantti C, Rejnmark L, Siggelkow H, Morreau H, Thakker RV, et al. Management of
endocrine disease: Unmet therapeutic, educational and scientific needs in parathyroid disorders. Eur J
Endocrinol. 2019 Sep 1; 181(3):P1-P19. https://doi.org/10.1530/EJE-19-0316 PMID: 31176307

Goldstein RE, Blevins L, Delbeke D, Martin WH. Effect of minimally invasive radioguided parathyroidec-
tomy on efficacy, length of stay, and costs in the management of primary hyperparathyroidism. Ann
Surg. 2000 May; 231(5):732—42. https://doi.org/10.1097/00000658-200005000-00014 PMID:
10767795

Lee A, Belozeroff V, Song X, Diakun D, Goodman W. Costs of Treatment and Clinical Events for Sec-
ondary Hyperparathyroidism. Am J Pharm Benefits. 2013; 5(2):e24—e35.

PLOS ONE | https://doi.org/10.1371/journal.pone.0230130 March 10, 2020 10/10


https://doi.org/10.1210/jc.2014-1413
https://doi.org/10.1210/jc.2014-1413
http://www.ncbi.nlm.nih.gov/pubmed/25162665
https://doi.org/10.1530/EJE-19-0316
http://www.ncbi.nlm.nih.gov/pubmed/31176307
https://doi.org/10.1097/00000658-200005000-00014
http://www.ncbi.nlm.nih.gov/pubmed/10767795
https://doi.org/10.1371/journal.pone.0230130

