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Introduction
Primary hyperparathyroidism is a clinical condition caused by 
over production of parathyroid hormone from the parathyroid 
glands. It is diagnosed by the presence of hypercalcemia with an 
inappropriately normal or elevated parathyroid hormone level. 
This clinical entity is now the most common cause of hypercal-
cemia in the outpatient setting. Prior to routine automated 
serum calcium measurements in the mid-1960s, primary hyper-
parathyroidism was a rare diagnosis only discovered when 
patients presented with severe sequelae of the disease including 
osteitis fibrosa cystica or nephrolithiasis.1,2 The incidence 
increased significantly in the 1970s on introduction of auto-
mated serum calcium measurements.1,2 The incidence of hyper-
parathyroidism increases with age and is 2 to 3 times higher in 
women compared with men.3,4 Yeh et al5 reported the prevalence 
to be 233 per 100 000 women and 85 per 100 000 men. The 
prevalence has been estimated to be as high as 1% of the general 
adult population and 2% to 3.4% in postmenopausal women.1,3,5–7 
The true prevalence is not known as only approximately one-
third of patients with hypercalcemia undergo further evaluation 
with a parathyroid hormone level, which suggests the prevalence 
is likely vastly underestimated.8 Thus, despite its commonality, 
primary hyperparathyroidism remains very underdiagnosed and 
undertreated. It is agreed that all patients with biochemically 
confirmed primary hyperparathyroidism who have specific com-
plications of the disease should undergo parathyroidectomy.9 
However, management of this disease process in more “asympto-
matic” patients is still highly debated.

The National Institutes of Health (NIH) and the National 
Institute of Diabetes and Digestive Kidney Diseases compiled 
guidelines for parathyroidectomy in patients with primary 
hyperparathyroidism.9–11 The criteria included a markedly ele-
vated serum calcium, history of an episode of life-threatening 
hypercalcemia, reduced creatinine clearance, markedly elevated 
24-hour urine calcium with increased renal stone formation 

risk, nephrolithiasis, age less than 50, and substantially reduced 
bone mass (Table 1).9–11

These guidelines were met with much criticism as they are 
based only on criteria that can be easily measured and do not 
take into account patients with more subjective symptoms, 
elderly patients, and patients with milder disease.12 The guide-
lines have patients wait until problematic sequelae from hyper-
parathyroidism develop and exclude many more subjective 
symptoms commonly associated with this disease.11 The NIH 
Guidelines do not clearly define “asymptomatic” primary 
hyperparathyroidism.11 Furthermore, more recently, there has 
been ample data in the literature detailing the benefits of par-
athyroidectomy in all patients with hyper parathyroidism.

In this chapter, we will explore the definition of asympto-
matic primary hyperparathyroidism, the burden of disease, and 
the overwhelming benefits of parathyroidectomy.

Definition of Asymptomatic Primary 
Hyperparathyroidism
Patients with “asymptomatic” primary hyperparathyroidism,  
by definition, lack symptoms classically associated with the 
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Table 1. National Institutes of Health consensus guidelines for 
parathyroidectomy.

1. Serum calcium > 1 mg/dL above upper limit of normal

2. Bone density T score < –2.5

3. Vertebral fracture by imaging

4. Creatinine clearance < 60 mL/min

5. 24-hour urine calcium > 400 mg/d and increased stone risk by 
biochemical stone risk analysis

6. Presence of kidney stones

7. Age < 50
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disorder, including history of renal calculi, fragility fractures, 
osteoporosis, severe bone and joint pain, and significant neu-
ropsychiatric impairment.13 However, greater than 90% of 
patients labeled as “asymptomatic” have significant symptoms 
likely related to hyperparathyroidism, as many symptoms are 
nonspecific and difficult to quantify.14,15 Based on a growing 
body of evidence in the literature, hyperparathyroidism affects 
one’s general well-being and cardiovascular health. Multiple 
sources give evidence to the fact that primary hyperparathy-
roidism is rarely, if ever, truly asymptomatic.11,13 Moreover, 
patients classified as “asymptomatic” have a 23% to 62% risk of 
developing complications of hyperparathyroidism by 10 years if 
just observed.3

The Burden of Disease
Studies have shown that patients diagnosed with primary 
hyperparathyroidism report a vast number of symptoms. Murray 
et al14 explored the frequency of symptoms that patients experi-
enced. They queried 18 symptoms, including fatigue, bone/joint 
pain, memory and concentration problems, irritability, depres-
sion, anxiety, sleep problems, and so on.14 No patient in the 
cohort was truly asymptomatic with the lowest reported num-
ber of symptoms of 3.14 What is more, 17 symptoms were pre-
sent in greater than 50% of the patients (Figure 1).14

Pasieka et  al16 developed and validated a disease-specific 
surgical outcome tool to measure the frequency of symptoms 
in patients with hyperparathyroidism (Table 2). This instru-
ment investigated not only the presence of symptoms but also 
the severity to which each patient experienced the symptom in 
question allowing for quantitative measurement of symptoms 
specific to hyperparathyroidism and for calculation of the 
Parathyroidectomy Assessment of Symptoms (PAS) score.16 
When compared with patients with nontoxic thyroid undergoing 
thyroidectomy, patients with hyperparathyroidism had signifi-
cantly higher preoperative PAS scores.16

Bargren et al15 found the most common symptoms reported 
by patients to be fatigue, bone pain and joint pain, occurring in 
greater than 50%, with memory problems and difficulty concen-
trating occurring in approximately 40%. Interestingly, symptom 
severity could not be predicted by the degree of the biochemical 
abnormalities.15,16 Patients with a calcium > 1 mg/dL above the 
upper limit of normal did report more renal calculi.15 However, 
bone pain, joint pain, depression, and constipation were actually 
significantly more common in patients with only mild hypercal-
cemia (Figure 2).15 In addition, there was no correlation between 
degree of parathyroid hormone elevation or vitamin D defi-
ciency and symptomatology.15

Figure 1. Frequency of symptoms with primary hyperparathyroidism.
Reprinted with permission from Murray et al.14 2018 Elsevier.

Table 2. Parathyroidectomy Assessment of Symptoms.

Pain in the bones

Feeling tired easily

Mood swings

Feeling “blue” or depressed

Pain in the abdomen

Feeling weak

Feeling irritable

Pain in the joints

Being forgetful

Difficulty getting out of a chair or car

Headaches

Itchy skin

Being thirsty
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Symptomatic Improvement Following 
Parathyroidectomy
The literature clearly illuminates the frequency of symptom 
occurrence in patients with hyperparathyroidism. However, is 
there evidence demonstrating improvement of these symptoms 
after surgical treatment of hyperparathyroidism? Murray et al14 
evaluated symptom improvement over time following parathy-
roidectomy. They discovered that all symptoms were reported 
less frequently after surgical intervention.14 Fatigue, bone pain, 
and joint pain were found to improve as quickly as 1 week post-
operatively.14 By 6 weeks postoperatively, most symptoms 
improved in greater than 50% of patients.14 Neurocognitive 
symptoms including difficulty concentrating, irritability, mem-
ory problems, anxiety, and depression demonstrated peak 
improvement at 6 weeks postoperatively with a slight decrease 
in improvement at 6 months postoperatively.14

Pasieka et  al16 demonstrated similar results. Preoperative 
and postoperative PAS scores were calculated and compared 
for patients with primary hyperparathyroidism in an interna-
tional study of patients in the United States, Canada, and 
Australia.16 Remarkably, the total PAS scores and individual 
symptom scores significantly decreased indicating significant 
improvement in patient symptomatology following parathy-
roidectomy.16 Patients continued to experience improvement 
in symptoms even 10 years postoperatively.17

Regarding symptomatology, there has been no difference 
shown between patients diagnosed with primary hyperpar-
athyroidism fulfilling the NIH criteria and patients not meet-
ing these criteria. Eigelberger et al11 revealed symptoms occur 

with equal frequency between the 2 groups and that sympto-
matic improvement in patients not fulfilling the NIH guide-
lines is just as great as those who do. Several studies have also 
investigated whether the symptomatic improvement seen in 
patients following parathyroidectomy is potentially just a pla-
cebo effect of surgery by comparing symptom improvement 
in patients undergoing thyroidectomy with those undergoing 
parathyroidectomy.11,16 Patients with primary hyperparathy-
roidism report significantly more symptoms preoperatively 
than patients with thyroid disease.11,16 Postoperatively, there 
is no change in symptoms in the thyroid patients, yet there is 
a significant decrease in reported symptoms following par-
athyroidectomy.11,16 Thus, this improvement in symptoms is 
unlikely to be merely a placebo effect from surgery itself or to 
be present only in those with markedly elevated calcium 
levels.11,16

Blanchard et al18 developed a preoperative clinical scoring 
system to predict which patients would most benefit from 
parathyroidectomy. The clinical score is calculated based on 
the patient’s age, presence or absence of preoperative weight 
loss, abdominal pain, abdominal distention, fatigue, and 
depressive symptoms.18 Patients with a high predictive score 
were found to most likely show symptomatic improvement 
following surgery.18 However, patients who score less than or 
equal to 3 on the preoperative clinical scoring system were 
unlikely to show symptomatic improvement following 
parathyroidectomy.18

From here, we will discuss the value of parathyroidectomy 
on specific symptoms relating to hyperparathyroidism.

Figure 2. Symptoms of hyperparathyroidism based on degree of hypercalcemia.
Reprinted with permission from Bargren et al.15 2018 Elsevier.
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Impact of Parathyroidectomy on Heartburn
Hyperparathyroidism instigates upper and lower gastrointesti-
nal smooth muscle atony leading to multiple symptoms includ-
ing heartburn and nausea.19 Reiher et al20 studied the impact of 
parathyroidectomy on symptoms of gastroesophageal reflux 
disease and need for anti-reflux medications. Following surgi-
cal intervention, patients related a significant improvement in 
the presence of heartburn, impact on diet, dysphagia, and 
odynophagia.20 While controlling for body mass index, 67% of 
patients evidenced greater than 50% improvement on a gastroe-
sophageal reflux disease health-related quality of life (GERD-
HRQOL) questionnaire.20 In addition, there was a significantly 
decreased use of anti-reflux medications 6 months postopera-
tively in those who reported improvement compared with those 
who did not.20 While certainly primary hyperparathyroidism is 
not the only cause of GERD, it is an issue that should be con-
sidered when weighing the risks and benefits of surgical inter-
vention. Correcting the hypercalcemia may treat the origin of 
the patient’s GERD and decrease the need for other medical or 
surgical therapies.

Impact of Parathyroidectomy on Sleep
Sleep impairment and insomnia, which have a significant det-
riment on patient quality of life, have been associated with 
hyperparathyroidism.21 The prevalence of sleep impairment in 
patients with primary hyperparathyroidism is between 44% and 
62% with 25% meeting the criteria for clinical insomnia.21,22 
The incidence of patients with clinical insomnia in the setting 
of underlying hyperparathyroidism is over 4-fold that of the 
general population (6%).21 Following parathyroidectomy, 
patients report significant reduction in sleep disturbances with 

a resolution of insomnia in 70% of patients (Figure 3).21 In 
addition, those with clinical insomnia sleep a significantly 
increased number of hours each night following surgical cure 
of hyperparathyroidism.21 When compared with patients with 
thyroid disorders, patients with hyperparathyroidism have sig-
nificantly worse sleep quality.23 Following parathyroidectomy, 
patients’ sleep quality and sleep efficiency improves with a 
decrease in time to fall asleep and a greater number of hours 
slept.23 On the contrary, patients undergoing thyroidectomy 
have no improvement in sleep quality.23

Impact of Parathyroidectomy on Quality of Life
Not only does parathyroidectomy decrease symptoms of gastroe-
sophageal reflux disease and insomnia, it also affects patients’ over-
all quality of life in a beneficial way. Multiple studies have assessed 
quality of life, many using a well-recognized and validated survey 
instrument known as the 36-Item Short Form Health Survey 
(SF-36).12,24–27 Two prospective randomized clinical trials evalu-
ating patients with mild asymptomatic primary hyperparathy-
roidism assigned patients into 2 groups: parathyroidectomy or 
no-surgery.24,27 Compared with patients observed without surgi-
cal intervention, Ambrogini et  al24 revealed that those who 
underwent parathyroidectomy evidenced significant improve-
ment in quality of life particularly regarding bodily pain, general 
health, vitality, and mental health. Patients have also revealed 
improvements in physical functioning as well as role limitations 
due to physical health, emotional problems, and social function-
ing.26 These effects on health-related quality of life show durabil-
ity at 1 year.26 Rao et al27 also demonstrated a significant benefit 
in social and emotional function following parathyroidectomy 
even at 3 years postoperatively.

Figure 3. Preoperative versus postoperative total insomnia severity index scores.
Reprinted with permission from Murray et al.21 2018 Springer Nature.
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Caillard et al12 performed a prospective multicentric study 
evaluating the effect of parathyroidectomy on patients’ nonspe-
cific symptoms and quality of life. Results were compared 
between patients who fulfilled the NIH guidelines for parathy-
roidectomy and those who did not.12 This study evidenced a 
significant improvement in nonspecific symptoms and quality 
of life following parathyroidectomy in both groups, regardless 
of whether patients met the NIH criteria.12 Symptom and 
quality of life improvements have even been demonstrated in 
patients with normocalcemic hyperparathyroidism following 
surgical intervention.28

Bone Improvements Following Parathyroidectomy
Fractures and osteoporosis have long been known to be affected 
by hyperparathyroidism. However, many questioned the utility 
of surgery in patients without evidence of fractures or other 
overt symptoms. Over a 10-year time period, patients with 
hyperparathyroidism who underwent parathyroidectomy have 
a significant increase in bone mineral density of the lumbar 
spine and femoral neck.29 Significant improvement is evi-
denced as early as 1 year following surgery and sustained or 
even better at 10 years.24,29 This has been further verified on a 
skeletal microarchitectural level.30 Using high-resolution 
peripheral quantitative computed tomography (HRpQCT), 
the improvement in cortical and trabecular volumetric bone 
density still exists.30 Interestingly, patients with the lowest T 
scores displayed the greatest improvement in bone mineral 
density of the lumbar spine.24 Those with the disease not 
undergoing surgery showed no improvement in bone mineral 
density.29 Even worse, Silverberg et al29 revealed that there can 
be progression of disease with a 10% decrease in bone mineral 
density in 27% of patients not undergoing parathyroidectomy 
by 10 years. These findings are supported by a recent prospec-
tive randomized trial of patients with mild primary hyperpar-
athyroidism.31 Lundstam et al31 randomized patients with the 
disease to either parathyroidectomy or observation. Following 
a 5-year follow-up period, patients observed with primary 
hyperparathyroidism had a significant decrease in bone min-
eral density at the femoral neck, radius, ultradistal radius, and 
total body.31 Patients treated with parathyroidectomy had a 
significant increase in bone mineral density of the lumbar spine 
with stable bone mineral density of the femoral neck, ultradis-
tal radius, and total body as well as a significant decrease in 
biochemical markers of bone turnover.31 Koumakis et  al32 
revealed that even many patients with normocalcemic hyper-
parathyroidism benefit from parathyroidectomy with an 
increase in bone mineral density.

Elevation of parathyroid hormone leads to increased bone 
turnover, decreased bone mineral density, and increased risk of 
fracture.33 This increased risk of fracture is seen even as great 
as 10 years prior to patients undergoing parathyroidectomy and 
is not associated with severity of preoperative serum calcium 
concentration.33 Moreover, the increased risk of fracture 

associated with hyperparathyroidism resolves in less than 1 year 
postoperatively.33 The 10-year fracture-free survival is 73% in 
patients treated surgically compared with 59% in patients 
observed without surgical intervention.34 In other words, 41% 
of patients observed with primary hyperparathyroidism suf-
fered a fracture at 10 years, whereas only 27% of patients 
undergoing parathyroidectomy suffered a fracture.34 When 
comparing parathyroidectomy versus observation, surgical 
intervention is less costly and more effective when fracture risk 
reduction is taken into account.35 These data not only exem-
plify the benefit of parathyroidectomy but also highlight that 
lack of surgical intervention can have grave consequences espe-
cially for bone health.

Medical management has been shown to improve bone min-
eral density but not to the degree of surgical intervention.36 
Horiuchi et al36 performed a randomized control trial evaluat-
ing the impact of surgery versus bisphosphonate therapy on 
bone mineral density. Whereas bisphosphonate treatment led to 
a 10% increase in bone mineral density, parathyroidectomy 
resulted in a 20% increase.36 This study highlights that bispho-
sphonate therapy may be used as alternative treatment for 
patients who are not surgical candidates but that the degree of 
benefit is not as great and is not curative.34,36 Thus, all patients 
with the biochemical diagnosis of primary hyperparathyroidism 
should be offered parathyroidectomy if medically able.34

Impact of Parathyroidectomy on Cardiovascular 
Health
The effects of hyperparathyroidism on bone health is common 
knowledge; however, what is less known is the degree to which 
hypercalcemia and hyperparathyroidism also affects patients’ 
cardiovascular health. Previous studies have evidenced a greater 
frequency of cardiac disease in patients with primary hyperpar-
athyroidism compared with age-matched controls.37 The effect 
of primary hyperparathyroidism on left ventricular hypertrophy, 
the strongest predictor of cardiovascular morbidity is controver-
sial. Early studies performed by Piovesan et al37 reported that 
left ventricular hypertrophy is present in 65% of patients with 
primary hyperparathyroidism. This finding is independent of 
hypertension.37 In fact, when controlling for hypertension, the 
frequency and the degree of left ventricular hypertrophy contin-
ues to be significantly greater in hyperparathyroid patients 
compared with those without the disease.37 Elevated parathy-
roid hormone levels correlate with increased left ventricular 
mass index.37 Following normalization of parathyroid hormone 
levels, there is also a reduction of left ventricular mass index 
evidenced on echocardiogram.37 This improvement is seen as 
early as 6 months following parathyroidectomy.37

Subsequent studies have shown little difference in left ven-
tricular hypertrophy. Whereas Farahnak et  al6 discovered no 
difference in global systolic or diastolic function or cardiac 
morphology compared with healthy-matched controls, patients 
with primary hyperparathyroidism did show a significant 
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decrease in blood pressure and regional peak systolic myocar-
dial velocities following parathyroidectomy. Moreover, Walker 
et al38 evidenced no linear association between mildly elevated 
serum calcium and parathyroid hormone levels with left ven-
tricular mass index. However, higher serum calcium and para-
thyroid hormone levels were associated with diastolic 
dysfunction.38 In addition, there is a correlation between 
decreased vitamin D levels and increased left ventricular mass 
index.38 Thus, they concluded that left ventricular hypertro-
phy is related to the severity of calcium and parathyroid hor-
mone elevation.38

Chronic hypercalcemia also leads to accelerated deposition 
of calcium in the coronary arteries and cardiac valves, thereby 
increasing the rate of atherosclerosis.39–40 Moreover, patients 
with hypercalcemia due to hyperparathyroidism have a higher 
carotid intima-media thickness and greater arterial stiffness 
than patients without the disease.38,40 One study even denoted 
that patients with hyperparathyroidism have an increased risk 
of acute myocardial infarction.41 This increased risk of myo-
cardial infarction exists 10 years before parathyroidectomy.41 
Following parathyroidectomy, studies have shown significant 
reduction of arterial stiffness 6 months postoperatively in 
patients with hypercalcemic primary hyperparathyroidism.29,42 
This improvement is maintained at 2 years postoperatively.42 
The impact of parathyroidectomy on carotid intima-media 
thickness has been only modest.40,42 More importantly, the 
increased risk of myocardial infarction returns to normal level 
1 year following parathyroidectomy.41 Farahnak et al6 recom-
mend early parathyroidectomy before irreparable cardio-
vascular sequelae can occur in patients with mild primary 
hyperparathyroidism.

Increased Risk of Mortality in Primary 
Hyperparathyroidism
The risk of premature death from ischemic heart disease, cer-
ebrovascular disease, and cancer is significantly increased in 
patients with primary hyperparathyroidism.43 Compared with 
the general population, the standard mortality ratio is elevated 
in women at 1.7 (95% CI, 1.5-1.9) and men at 1.6 (1.3-2.0) 
with primary hyperparathyroidism.43 This risk is reduced in 
women undergoing parathyroidectomy.43 When stratifying 
patients with hyperparathyroidism based on age, elderly 
patients experience significant improvements of symptoms 
following parathyroidectomy and tolerated surgery with no 
increase in mortality.44

Overall Benefit of Parathyroidectomy
Not only are there many known benefits to parathyroidectomy, 
it is also the only known cure for this chronic disease.45 
Advances in surgical care have made parathyroidectomy a  
safe outpatient surgery with a low risk of complications. 
Furthermore, the success rate of hyperparathyroidism follow-
ing parathyroidectomy is 95% to 98% when performed by an 
experienced surgeon.44–45 Cost-effectiveness is paramount to 

the success of our current health care system, and parathyroid-
ectomy is less expensive than observation and a more efficient 
use of health care dollars.35,45

Limitations
While this review summarizes much of the current literature 
on “asymptomatic” primary hyperparathyroidism, the authors 
acknowledge some important contributions to the literature 
may not be included. Unfortunately, there is an overall lack of 
large, randomized controlled trials regarding this important 
topic in the literature. Therefore, many of the studies cited 
herein are small observational cohorts, which may limit the 
ability to make concrete conclusions. The 4th International 
Workshop on the Management of Asymptomatic Primary 
Hyperparathyroidism implores clinicians and scientists to con-
tinue to explore many of the unknowns.

Conclusions
In summary, asymptomatic hyperparathyroidism is a very com-
mon endocrine malady affecting 0.2% to 3.4% of elderly 
women. Hyperparathyroidism can lead to a myriad of symp-
toms which not only decreases the quality of life of patients but 
also increases their risk of cardiovascular disease, osteoporosis, 
and kidney stones. Parathyroidectomy is the only known cure 
for the disease at this time. We must strive to increase aware-
ness of this common disease by educating providers on the 
symptoms associated with this condition and the numerous 
benefits of surgical treatment. All patients with a diagnosis of 
primary hyperparathyroidism should be referred to an experi-
enced endocrine surgeon to discuss the risks and benefits of 
parathyroidectomy.

Author Contributions
All authors have made a substantial contribution to this work 
as detailed below.
ADM: manuscript preparation and critical revision; RSS: 
manuscript conception and critical revision.

ReFeRenCeS
 1. Callendar GG, Udelsman R. Asymptomatic primary hyperparathyroidism. In: 

Clark OH, Duh QY, Kebebew E, Gosnell JE, Shen WT, eds. Textbook of Endo-
crine Surgery. 3rd ed. New Delhi, India: Jaypee Brothers Medical Publishers; 
2016:685–696.

 2. Wermers RA, Khosla S, Atkinson EJ, et al. Incidence of primary hyperparathy-
roidism in Rochester, Minnesota, 1993-2001: an update on the changing epide-
miology of the disease. J Bone Miner Res. 2006;21:171–177.

 3. The American Association of Clinical Endocrinologists and the American Asso-
ciation of Endocrine Surgeons position statement on the diagnosis and manage-
ment of primary hyperparathyroidism. Endocr Pract. 2005;11:49–54.

 4. Wilhelm SM, Wang TS, Ruan DT, et al. The American Association of Endo-
crine Surgeons guidelines for definitive management of primary hyperparathy-
roidism. JAMA Surg. 2016;1:959–968.

 5. Yeh MW, Ituarte PHG, Zhou HC, et al. Incidence and prevalence of primary 
hyperparathyroidism in a racially mixed population. J Clin Endocrinol Metab. 
2013;98:1122–1129.

 6. Farahnak P, Ring M, Caidahl K, Farnebo L-O, Eriksson MJ, Nilsson I-L. Car-
diac function in mild primary hyperparathyroidism and the outcome after para-
thyroidectomy. Eur J Endocrinol. 2010;163:461–467.



McDow and Sippel 7

 7. Lundgren E, Hagstrom EG, Lundin J, et al. Primary hyperparathyroidism 
revisited in menopausal women with serum calcium in the upper normal 
range at population-based screening 8 years ago. World J Surg. 2002;26: 
931–936.

 8. Campbell MJ. The definitive management of primary hyperparathyroidism: who 
needs an operation? JAMA. 2017;317:1167–1168.

 9. Bilezikian JP, Brandi ML, Eastell R, et al. Guidelines for the management of 
asymptomatic primary hyperparathyroidism: summary statement from the 
fourth international workshop. J Clin Endocrinol Metab. 2014;99:3561–3569.

 10. Bilezikian JP, Khan AA, Potts JT Jr. Guidelines for the management of asymp-
tomatic primary hyperparathyroidism: summary statement from the third inter-
national workshop. J Clin Endocrinol Metab. 2009;94:335–339.

 11. Eigelberger MS, Cheah WK, Ituarte PH, Streja L, Duh QY, Clark OH. The 
NIH criteria for parathyroidectomy in asymptomatic primary hyperparathyroid-
ism: are they too limited? Ann Surg. 2004;239:528–535.

 12. Caillard C, Sebag F, Mathonnet M, et al. Prospective evaluation of quality of life 
(SF-36v2) and nonspecific symptoms before and after cure of primary hyperpara-
thyroidism (1-year follow-up). Surgery. 2007;141:153–160.

 13. Rastad J. Parathyroidectomy for asymptomatic primary hyperparathyroidism 
(PHPT): is it worth the risk? J Endocrinol Invest. 2001;24:56–61.

 14. Murray SE, Pathak PR, Pontes DS, et al. Timing of symptom improvement after 
parathyroidectomy for primary hyperparathyroidism. Surgery. 2013;154:1463–1469.

 15. Bargren AE, Repplinger D, Chen H, Sippel RS. Can biochemical abnormalities 
predict symptomatology in patients with primary hyperparathyroidism? J Am 
Coll Surg. 2011;213:410–414.

 16. Pasieka JL, Parsons LL, Demeure MJ, et al. Patient-based surgical outcome tool 
demonstrating alleviation of symptoms following parathyroidectomy in patients 
with primary hyperparathyroidism. World J Surg. 2002;26:942–949.

 17. Pasieka JL, Parsons L, Jones J. The long-term benefit of parathyroidectomy in 
primary hyperparathyroidism: a 10-year prospective surgical outcome study. 
Surgery. 2009;146:1006–1013.

 18. Blanchard C, Mathonnet M, Sebag F, et al. Surgery for “asymptomatic” mild 
primary hyperparathyroidism improves some clinical symptoms postoperatively. 
Eur J Endocrinol. 2013;169:665–672.

 19. Abboud B, Daher R, Boujaoude J. Digestive manifestations of parathyroid dis-
orders. World J Gastroenterol. 2011;17:4063–4066.

 20. Reiher AE, Mazeh H, Schaefer S, Gould J, Chen H, Sippel RS. Symptoms of 
gastroesophageal reflux disease improve after parathyroidectomy. Surgery. 2012; 
152:1232–1237.

 21. Murray SE, Pathak PR, Schaefer SC, Chen H, Sippel RS. Improvement of sleep 
disturbance and insomnia following parathyroidectomy for primary hyperpara-
thyroidism. World J Surg. 2014;38:542–549.

 22. Mittendorf EA, Wefel JS, Meyers CA, et al. Improvement of sleep disturbance 
and neurocognitive function after parathyroidectomy in patients with primary 
hyperparathyroidism. Endocr Pract. 2007;13:338–344.

 23. La J, Wang TS, Hammad AY, et al. Parathyroidectomy for primary hyperpara-
thyroidism improves sleep quality: a prospective study. Surgery. 2017;161:25–34.

 24. Ambrogini E, Cetani F, Cianferotti L, et al. Surgery or surveillance for mild 
asymptomatic primary hyperparathyroidism: a prospective, randomized clinical 
trial. J Clin Endocrinol Metab. 2007;92:3114–3121.

 25. Adler JT, Sippel RS, Schaefer S, Chen H. Surgery improves quality of life in 
patients with “mild” hyperparathyroidism. Am J Surg. 2009;197:284–290.

 26. Brito K, Edirimanne S, Eslick GD. The extent of improvement of health-related 
quality of life as assessed by the SF36 and Paseika scales after parathyroidectomy 
in patients with primary hyperparathyroidism—a systematic review and meta-
analysis. Int J Surg. 2015;13:245–249.

 27. Rao DS, Phillips ER, Divine GW, Talpos GB. Randomized controlled clinical 
trial of surgery versus no surgery in patients with mild asymptomatic primary 
hyperparathyroidism. J Clin Endocrinol Metab. 2004;89:5415–5422.

 28. Bannani S, Christou N, Guerin C, et al. Effect of parathyroidectomy on quality 
of life and non-specific symptoms in normocalcaemic primary hyperparathyroid-
ism. Br J Surg. 2018;105:223–229.

 29. Silverberg SJ, Shane E, Jacobs TP, Siris E, Bilezikian JP. A 10-year prospective 
study of primary hyperparathyroidism with or without parathyroid surgery.  
N Engl J Med. 1999;341:1249–1255.

 30. Cusano NE, Rubin MR, Silva BC, et al. Skeletal microstructure and estimated 
bone strength improve following parathyroidectomy in primary hyperparathy-
roidism. J Clin Endocrinol Metab. 2018;103:196–205.

 31. Lundstam K, Heck A, Godang K, et al. Effect of surgery versus observation: 
skeletal 5-year outcomes in a randomized trial of patients with primary HPT 
(the SIPH study). J Bone Miner Res. 2017;32:1907–1914.

 32. Koumakis E, Souberbielle J-C, Payet J, et al. Individual site-specific bone min-
eral density gain in normocalcemic primary hyperparathyroidism. Osteoporos Int. 
2014;25:1963–1968.

 33. Vestergaard P, Mollerup CL, Frokjaer VG, Christiansen P, Blichert-Toft M, 
Mosekilde L. Cohort study of risk of fracture before and after surgery for pri-
mary hyperparathyroidism. BMJ. 2000;321:598–602.

 34. VanderWalde LH, Liu IA, O’Connell TX, Haigh PI. The effect of parathyroid-
ectomy on bone fracture risk in patients with primary hyperparathyroidism. Arch 
Surg. 2006;141:885–891.

 35. Zanocco KA, Wu JX, Yeh MW. Parathyroidectomy for asymptomatic primary 
hyperparathyroidism: a revised cost-effectiveness analysis incorporating fracture 
risk reduction. Surgery. 2017;161:16–24.

 36. Horiuchi T, Onouchi T, Inoue J, Shionoiri A, Hosoi T, Orimo H. A strategy for 
the management of elderly women with primary hyperparathyroidism: a com-
parison of etidronate therapy with parathyroidectomy. Gerontology. 2002;48: 
103–108.

 37. Piovesan A, Molineri N, Casasso F, et al. Left ventricular hypertrophy in pri-
mary hyperparathyroidism. Effects of successful parathyroidectomy. Clin Endo-
crinol. 1999;50:321–328.

 38. Walker MD, Fleischer JB, Di Tullio MR, et al. Cardiac structure and diastolic 
function in mild primary hyperparathyroidism. J Clin Endocrinol Metab. 
2010;95:2172–2179.

 39. Roberts WC, Waller BF. Effect of chronic hypercalcemia on the heart. An anal-
ysis of 18 necropsy patients. Am J Med. 1981;71:371–384.

 40. Cansu GB, Yilmaz N, Ozdem S, et al. Parathyroidectomy in asymptomatic pri-
mary hyperparathyroidism reduces carotid intima-media thickness and arterial 
stiffness. Clin Endocrinol. 2016;84:39–47.

 41. Vestergaard P, Mollerup CL, Frokjaer VG, Christiansen P, Blichert-Toft M, 
Mosekilde L. Cardiovascular events before and after surgery for primary hyper-
parathyroidism. World J Surg. 2003;27:216–222.

 42. Walker MD, Rundek T, Homma S, et al. Effect of parathyroidectomy on sub-
clinical cardiovascular disease in mild primary hyperparathyroidism. Eur J 
Endocrinol. 2012;167:277–285.

 43. Ogard CG, Engholm G, Almdal TP, Vestergaard H. Increased mortality in 
patients hospitalized with primary hyperparathyroidism during the period 1977-
1993 in Denmark. World J Surg. 2003;28:108–111.

 44. Stechman MJ, Weisters M, Gleeson FV, Sadler GP, Mihai R. Parathyroidec-
tomy is safe and improves symptoms in elderly patients with primary hyperpara-
thyroidism (PHPT). Clin Endocrinol. 2009;71:787–791.

 45. Niederle B, Wémeau JL. Is surgery necessary for “mild” or “asymptomatic” 
hyperparathyroidism? Eur J Endocrinol. 2015;173:D13–D20.


