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Abstract: Primary hyperparathyroidism (PHPT) is a biochemical syndrome caused by the
inappropriate or unregulated overproduction of parathyroid hormone, leading to hypercalcae-
mia. It was previously considered a relatively rare disorder, with clinical manifestations
dominated by renal and/or bone disease. However, in modern times the diagnosis is most
frequently recognized coincidentally on biochemical testing in patients evaluated for unrelated
complaints. Parathyroidectomy is the only curative treatment for PHPT, with improved out-
comes in symptomatic patients following this procedure. However, surgical intervention in
patients with no clear clinical features remains controversial. The National Institutes for
Health (NIH) have developed consensus guidelines giving specific indications for when surgery
is recommended in patients with asymptomatic PHPT. This article examines the impact of
treatment on asymptomatic PHPT, focusing on bone disease, neurocognitive function, quality of
life, cardiovascular disease and mortality. Medical treatment options, including bisphospho-
nates and cinacalcet, are also discussed.
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Introduction
Primary hyperparathyroidism (PHPT) is a bio-

chemical syndrome caused by the inappropriate

or unregulated overproduction of parathyroid

hormone (PTH) by one or more of the four para-

thyroid glands in the absence of a recognized

stimulus, leading to hypercalcaemia. Most cases

are sporadic and caused by a single parathyroid

adenoma (85�95%) or multigland disease

(5�10%), with parathyroid carcinoma account-

ing for <1% [Sitges-Serra and Bergenfelz, 2007].

PHPT was previously considered a relatively rare

disorder, with clinical manifestations dominated

by renal and/or bone disease. However, the intro-

duction of automated multichannel biochemical

analysers in the 1970s has meant that in modern

times the diagnosis is most frequently recognized

coincidentally on biochemical testing in patients

evaluated for unrelated complaints. The annual

incidence of PHPT is thought to be around 20

cases per 100,000 [Wermers et al. 2006], although

the prevalence does vary depending on the pop-

ulations studied and detection methods used

[Fraser, 2009]. Classical skeletal complications

(osteitis fibrosa cystica) are now present in

<5% of newly presenting patients and the

incidence of renal stones has fallen to around

15�20% [Silverberg et al. 1990].

Parathyroidectomy is the only curative treat-

ment for PHPT, with experienced surgeons

achieving first-time cure rates in >95% of cases

[Udelsman, 2002]. Modern imaging techniques

to localize parathyroid adenomas (e.g. ultrasound

scan/sestamibi) and a radical change in operative

techniques (e.g. minimally invasive parathyroid-

ectomy) make surgery a quick, low-morbidity

approach to managing PHPT [Udelsman et al.

2009]. In symptomatic patients, cohort studies

have demonstrated that after parathyroidectomy,

fracture rate declines, the incidence of kidney

stones declines, cognitive function appears to

improve and cardiovascular disease rates and pre-

mature death also appear to decrease [Udelsman

et al. 2009; Mollerup et al. 2002; Vestergaard

et al. 2000; Khosla et al. 1999]. For these rea-

sons, if no contraindications exist, all patients

with symptomatic PHPT or in whom there is evi-

dence of end-organ disease should be referred for

surgical treatment.

However, the clinical profile of PHPT has

shifted from a symptomatic disorder with
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hypercalcaemia-related symptoms, kidney stones

and overt bone disease, to a fairly mild asymp-

tomatic condition, and there remains controversy

concerning surgical intervention in patients with

no clear clinical features. Some clinicians believe

asymptomatic patients with no complications can

be managed nonsurgically, while others believe

virtually all patients should undergo parathyroid-

ectomy. This article examines the contemporary

management of patients with mild PHPT.

Consequences of untreated
asymptomatic PHPT
Developing robust clinical guidelines for the

management of asymptomatic PHPT requires a

good understanding of the natural history of the

disease. However, high-quality data in this area is

lacking. A prospective study published in 1999

reported no significant change in serum calcium

concentration, urinary calcium excretion and

bone mineral density (BMD) after 10 years in

52 patients with asymptomatic PHPT who

did not undergo parathyroidectomy [Silverberg

et al. 1999b]. However, the same group have

recently published 15-year follow-up data in the

same cohort of patients, reporting a significant

increase in serum calcium concentration com-

pared with baseline, along with a 10% decline

in BMD at one or more sites, although lumbar

spine BMD remained unchanged [Rubin et al.

2008]. In addition, there was progression of

PHPT in 37% of patients over the 15 years of

observation to the point that criteria for surgery

were met.

Other studies have examined the impact of

asymptomatic PHPT on BMD, renal function,

quality of life (QOL), cardiovascular disease

and cancer.

The impact of asymptomatic PHPT on BMD and
fracture risk
A small number of studies have prospectively

examined densitometric changes in treated and

untreated asymptomatic PHPT. In a randomized

controlled trial of parathyroidectomy versus

observation, Rao and colleagues found that in

28 patients followed up without surgery, there

was loss of BMD at the femoral neck (�0.4%

per year) and total hip (�0.6% per year), but

not at the spine or forearm [Rao et al. 2004].

In 25 patients managed surgically, following

parathyroidectomy there was an increase in

BMD of the spine, femoral neck, total hip and

forearm. Similar findings were reported in two

recent randomized controlled trials compris-

ing 191 patients [Bollerslev et al. 2007] and

50 patients [Ambrogini et al. 2007] with asymp-

tomatic PHPT randomized to surgery or obser-

vation. Bollerslev and colleagues reported a

significant increase in BMD compared with base-

line at the lumbar spine following surgery, with

a similar trend at the femoral neck [Bollerslev

et al. 2007]. BMD remained stable in the obser-

vation group. At 1 year, Ambrogini and col-

leagues observed a statistically significant change

in lumbar spine and total hip BMD between

the parathyroidectomy and observation groups

[Ambrogini et al. 2007]. There was no difference

in distal radius BMD between the two groups.

The longest study of the natural history of

asymptomatic PHPT is a prospective observa-

tional study with 15-year follow up [Rubin et al.

2008]. A 10% decline in BMD at one or more

sites was observed in patients managed without

surgery, although lumbar spine BMD remained

unchanged. In patients who underwent parathy-

roidectomy, there was a postsurgical improve-

ment in BMD at all sites (lumbar spine,

femoral neck and distal radius). BMD increased

and remained above the 10% line for 15 years

after surgery.

There are no controlled studies on the risk of frac-

ture in asymptomatic PHPT patients. However,

cohort and population studies suggest that frac-

ture risk is increased up to 10 years before diag-

nosis and treatment of PHPT (relative risk up

to 1.8) [Vestergaard and Mosekilde, 2003;

Vestergaard et al. 2000], suggesting fracture risk

may be increased in undiagnosed, asymptomatic

PHPT patients. The impact of surgery on this

potential increased fracture risk remains to be

elucidated.

The impact of asymptomatic PHPT on
cardiovascular morbidity and mortality
There is considerable debate regarding the car-

diovascular manifestations of PHPT. Population

and cohort studies have demonstrated that both

serum calcium and PTH are independent risk

factors for coronary artery disease in subjects

without PHPT [Kamycheva et al. 2004; Lind

et al. 1997].

A number of studies suggest patients with mod-

erate to severe PHPT may have an increased risk

of coronary artery disease that appears to

decrease after successful parathyroidectomy, but
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there are no data in mild PHPT [Nilsson et al.

2005; Vestergaard et al. 2003]. Left ventricular

hypertrophy (LVH) is a strong predictor of

cardiovascular mortality and a positive correla-

tion with PTH, independent of hypertension,

has been identified in many studies of PHPT

[Almqvist et al. 2002; Piovesan et al. 1999].

Some studies, but not all, have demonstrated a

reduction in LVH following successful parathy-

roidectomy [Almqvist et al. 2002; Piovesan et al.

1999]. Again, data are lacking in patients with

mild PHPT.

Hypertension, cardiac valvular calcification,

myocardial calcification, cardiac conduction

abnormalities and arrhythmias have all been

documented in patients with severe PHPT

[Silverberg et al. 2009]. However, apart from

hypertension, there are no studies demonstrating

these features in patients with mild PHPT.

Increased peripheral vascular resistance is an

independent marker of cardiovascular risk. A

small number of studies have reported increased

vascular stiffness in patients with mild PHPT

[Rubin et al. 2005; Smith et al. 2000]. One

study demonstrated that 15% of the variance in

the difference between the second and first sys-

tolic peaks in the pressure waveform of the radial

artery was uniquely accounted for by the pres-

ence of PHPT [Rubin et al. 2005]. PHPT was a

stronger predictor of arterial stiffness than tradi-

tional risk factors such as age, smoking and

hypertension. Interestingly there was a strong

positive correlation between PTH and arterial

stiffness, suggesting that mild asymptomatic

PHPT may represent a prominent risk factor

for arterial stiffness, which in turn is a predictor

of early cardiovascular pathology. The effect of

successful parathyroidectomy on arterial stiffness

is unknown.

An increase in cardiovascular mortality has been

documented in some studies in patients with

severe and moderately severe PHPT [Hedback

et al. 1990; Palmer et al. 1987], but not in

patients with mild disease [Wermers et al. 1998;

Soreide et al. 1997]. Hedback and colleagues

demonstrated improved survival following surgi-

cal intervention [Hedback et al. 1990]. The

higher mortality rate declined with time from

parathyroidectomy, but persisted long after sur-

gical cure, suggesting that PHPT may cause

enduring damage to the cardiovascular system

[Silverberg et al. 2009; Hedback et al. 1990].

Mild PHPT and cancer incidence
An almost twofold increased incidence of malig-

nant tumours has been reported in patients

with PHPT compared with matched controls

[Wajngot et al. 1980; Farr et al. 1973]. However

bias may be present due to a number of factors;

some patients may have endocrine tumour syn-

dromes that have PHPT as a feature; in addition,

an underlying malignancy is often a prompt for

biochemical testing during which incidental

PHPT might be detected, and patients with

hypercalcaemia detected unexpectedly are likely

to undergo detailed assessments for underlying

malignancy [Gittoes and Cooper, 2010].

The impact of asymptomatic PHPT on
neurocognitive function/QOL
Neurological and neuropsychiatric symptoms

have been described in classical PHPT [Coker

et al. 2005; Fitz and Hallman, 1952], but it

remains unclear to what extent they are present

in the mild form of PHPT seen commonly today.

Neurological and neuropsychiatric symptoms

are especially difficult to define and investigate

in mild PHPT. Some studies have demonstrated

improvements in QOL [Quiros et al. 2003;

Pasieka et al. 2002; Sheldon et al. 2002], but

others have not [Chiang et al. 2005; Brown

et al. 1987]. Potential reasons for the inconsistent

results include the observational nature of many

of the studies, small sample sizes, the inclusion

of subjects with symptomatic hyperparathyroid-

ism, lack of appropriate control groups and test-

ing at short intervals after parathyroidectomy

[Silverberg et al. 2009].

In recent years, three randomised studies of

surgery versus observation, specifically conducted

in patients with mild PHPT and addressing

aspects of neuropsychiatric function, have been

published. In 53 patients randomised to surgery

or observation, Rao and colleagues found that

QOL scores measured using the Short Form

36-item (SF-36) general health survey showed

significant decline in five of the nine domains

(social functioning, physical problem, emotional

problem, energy and health perception) in

patients followed up without surgery, but in only

one of the nine domains (physical function) in the

patients who had parathyroidectomy [Rao et al.

2004]. These findings suggest a modest measur-

able benefit of parathyroidectomy in social and

emotional role function. Psychological function

as assessed by the Symptom Checklist 90 (SCL-

90) scale did not change significantly in either

J Ayuk, MS Copper et al.
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group, except for a decline in anxiety and phobia

in patients who had surgery in comparison with

those who did not. More recently, in a cohort of

191 patients with mild PHPTrandomized to med-

ical observation or surgery, Bollerslev and col-

leagues found significantly lower QOL and more

psychological symptoms compared with age- and

sex-matched healthy subjects [Bollerslev et al.

2007]. Both groups were similar at baseline, and

no clinically significant changes in these parame-

ters were seen during the 2-year observation

period. Another randomized controlled trial of

surgery versus observation in 50 patients assessed

QOL and psychosocial well-being using SF-36

and SCL-90 at baseline and after 1 year of

follow up [Ambrogini et al. 2007]. A modest but

significant beneficial effect on QOL (bodily pain,

general health, vitality and mental health) was

observed in the parathyroidectomy group com-

pared with the observation group.

Overall, the findings of these studies are inconsis-

tent and the available data remain incomplete on

the precise nature and reversibility of neuropsy-

chological symptoms following surgery for mild

PHPT. However, some of the data support a

modest beneficial effect of parathyroidectomy on

QOL and psychological functioning [Silverberg

et al. 2009].

The impact of asymptomatic PHPT on survival
A number of large population-based cohort

studies have demonstrated that patients with

PHPT appear to be at risk of premature death

[Hedback and Oden, 1998; Palmer et al. 1987],

with a 50% increase in mortality, predominantly

due to cardiovascular disease. However, these

data were not specifically derived from asymp-

tomatic patients. Wermers and colleagues exam-

ined outcome in an unselected cohort of patients

with predominantly uncomplicated, asymptom-

atic PHPT [Wermers et al. 1998]; overall survival

was not reduced, compared with age- and

gender-matched controls. Although patients in

the highest quartile of serum calcium levels had

significantly worse survival than patients in the

three lower quartiles, even in this group, com-

pared with age- and gender-matched controls,

there was only a trend towards reduced survival

in the patients who did not undergo surgery.

Based on these data, the authors concluded that

the current practice of observing patients with

uncomplicated mild PHPT does not compromise

survival.

Thresholds for surgery in asymptomatic PHPT
Parathyroidectomy is the only cure for PHPTand

should be recommended in all patients with symp-

tomatic PHPT or evidence of end-organ damage

such as low BMD or kidney stones. However con-

siderable controversy exists regarding the need for

surgery in asymptomatic patients [Silverberg et al.

1999a]. New data on the natural history of asymp-

tomatic PHPT have demonstrated a small but sig-

nificant rise in serum corrected calcium and a

significant fall in BMD over time, particularly at

sites rich in cortical bone, after 15 years of obser-

vation [Rubin et al. 2008]. In patients managed

surgically there was an initial rise and then main-

tenance of BMD. Importantly, approximately a

third of the 49 initially asymptomatic patients

eventually developed conventional indications

for surgery. In addition, a number of randomized

controlled trials of parathyroidectomy versus

observation in patients with asymptomatic PHPT

have demonstrated improvements in BMD, neu-

rocognitive function and QOL [Ambrogini et al.

2007; Bollerslev et al. 2007; Rao et al. 2004].

The National Institutes for Health (NIH) have

developed consensus guidelines, most recently

updated in 2009 [Bilezikian et al. 2009], giving

specific indications for when surgery is recom-

mended in patients with asymptomatic PHPT

(Table 1).

The consensus guidelines also recommend a

structured conservative follow-up protocol for

patients who do not fulfil the guidelines for sur-

gery (Table 2) and advice regarding hydration

status and symptom recognition. It is in this sit-

uation that the potential benefits of a permanent

cure need to be balanced against the risks of sur-

gery. A particular concern is that mild disease will

progress to disease fulfilling surgical criteria at a

time when the patient’s fitness for surgery has

decreased.

Medical management of PHPT
Although surgery is the only cure for PHPT,

medical treatments can be considered for

patients who do not fulfil criteria for surgery or

those who are unsuitable for or decline surgery.

Bisphosphonates and hormone replacement ther-

apy (HRT) are treatment options for those indi-

viduals with PHPT for whom the primary goal is

skeletal protection, whilst the calcimimetic cina-

calcet effectively lowers serum calcium and PTH

levels in PHPT.
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Intravenous and oral bisphosphonates may cause

a transient reduction in serum calcium, but are

not effective in maintaining lower serum calcium

levels in patients with PHPT in the long term

[Fraser, 2009]. However, they can prove useful

in managing the bone disease associated with

PHPT. Alendronate is the most extensively stud-

ied bisphosphonate in PHPT and has been

shown to significantly increase BMD in the

lumbar spine and femoral neck in patients treated

for up to 2 years [Fraser, 2009; Chow et al. 2003;

Parker et al. 2002]. The findings of these studies

suggest that bisphosphonates, in particular alen-

dronate, may be useful in the treatment of bone

disease associated with PHPT when parathyroid-

ectomy is not recommended or possible.

However, there are no data demonstrating the

BMD changes reflect a reduced fracture risk.

In postmenopausal women with PHPT, HRT has

been shown to have beneficial effects on BMD at

multiple sites throughout the skeleton, similar to

those reported in eucalcaemic women treated

with HRT [Grey et al. 1996]. These effects are

maintained for up to 4 years [Orr-Walker et al.

2000]. Two nonrandomized studies have exam-

ined the effects of HRT versus parathyroidectomy

in postmenopausal women with PHPT [Diamond

et al. 1996; Guo et al. 1996]. Both interventions

produced similar positive effects on axial BMD.

In the time since most of these studies were per-

formed, the Women’s Health Initiative (WHI)

study has raised concerns about the overall

safety profile of HRT [Udell et al. 2006],

dramatically altering its use as a bone protection

agent. HRT would therefore now not normally be

considered in this setting, especially given the

possible increased risk of cardiovascular disease

in patients with PHPT.

Extracellular ionised calcium regulates PTH

secretion via the calcium sensing receptor

(CaSR). Stimulation of the CaSR results in inhi-

bition of PTH gene transcription, reduced PTH

secretion and reduced parathyroid cell prolifera-

tion. Cinacalcet is an orally active calcimimetic

which acts by modifying the CaSR, causing

downstream (calcium-like) effects without having

true calcium effects peripherally. By mimicking

the action of extracellular calcium on the CaSR,

cinacalcet blocks PTH secretion. Studies in

humans have demonstrated that cinacalcet

lowers PTH levels and improves calcium/phos-

phate homeostasis in patients with primary and

secondary hyperparathyroidism [Block et al.

2004; Peacock, 2004]. In a double-blind, ran-

domized, placebo-controlled study, Peacock

reported normalization of serum calcium in

73% of patients treated with cinacalcet, com-

pared with 5% of placebo-treated patients

[Peacock, 2004]. PTH decreased by 7.6% in

the cinacalcet group, but increased by 7.7% in

the placebo group. There were no significant dif-

ferences in 24-hour urinary calcium levels

between the cinacalcet- and placebo-treated

patients. Some bone turnover markers did

increase significantly in the cinacalcet group

compared with placebo, but the mean values

Table 1. National Institutes for Health consensus guidelines for surgery in asymptomatic primary hyperpara-
thyroidism. (Adapted from Bilezikian et al. [2009]).

Age <50
Serum calcium >0.25 mmol/l (>1 mg/dl) above upper limit of

normal
Estimated glomerular filtration rate (eGFR) reduced

to <60 ml/min
Bone mineral density (by DEXA) T-score <�2.5 at any site, and/or fragility fracture
Medical follow up Undesired or impractical

DEXA, dual-energy X-ray absorptiometry; eGFR, estimated glomerular filtration rate.

Table 2. Monitoring protocol for patients with asymptomatic primary hyperparathyroidism. (Adapted from
Bilezikian et al. [2009]).

Review of symptoms 6�12 monthly
Serum calcium 6�12 monthly
Serum creatinine (and eGFR) 12 monthly
Bone density (hip, spine and forearm) Every 2 years

eGFR, estimated glomerular filtration rate.

J Ayuk, MS Copper et al.
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remained within the normal range. Hip and fore-

arm BMD were in the osteopaenic range, and

remained unchanged throughout the study in

both groups. An open-label extension of this

study was reported recently, in which 45 subjects

from both groups were treated with 30 or 50 mg

of cinacalcet twice daily for up to four and a half

years [Peacock et al. 2009]. Cinacalcet normal-

ized serum calcium in all patients, and main-

tained eucalcaemia for the duration of the

study. Plasma PTH levels reduced substantially,

especially in the latter years, but did not normal-

ize. Mean BMD remained in the normal range

(Z-scores of �1 to þ1) for the length of the study

with no improvements in BMD observed when

expressed as mean change from parent study

baseline at the spine, wrist, femoral neck and

total femur. A review of studies on the use of

cinacalcet in PHPT has confirmed these findings,

reporting that cinacalcet effectively lowers serum

calcium and PTH levels but does not alter bone

turnover or increase BMD [Khan et al. 2009].

Despite cinacalcet’s beneficial effects on serum

calcium and PTH levels in patients with PHPT,

no data exist on hard endpoints such as fractures,

kidney stones or cardiovascular disease. QOL has

been assessed in a study of 17 patients with persis-

tent PHPT after parathyroidectomy or with con-

traindications to parathyroidectomy that were

treated with cinacalcet [Marcocci et al. 2009];

using the SF-36 and Medical Outcomes Study

(MOS) Cognitive Functioning scales, the authors

found that cinacalcet treatment was associated

with improved functional status and well being

in patients with intractable PHPT. The improve-

ments in the Physical Component Summary and

Mental Component Summary scores were com-

parable with the improvements observed in

patients with PHPT following parathyroidectomy.

This was a small trial, and the results need

corroborating in larger studies. In 2008 cinacalcet

was approved by the European Commission for

the treatment of hypercalcaemia in patients with

PHPT for whom parathyroidectomy is indicated

on the basis of serum calcium levels but in whom

parathyroidectomy is not clinically appropriate or

is contraindicated. However, its high cost and lack

of data showing improvements in BMD mean that

cinacalcet cannot presently be advocated as an

alternative to parathyroidectomy.

Conclusion
Parathyroidectomy offers the only potential cure

for PHPT and should be recommended in all

patients with symptomatic PHPT or with evi-

dence of end-organ damage, where there is no

obvious contraindication. However, considerable

controversy exists regarding the need for surgery

in asymptomatic patients. Recently published

guidelines have outlined criteria for surgery in

the management of asymptomatic PHPT, recom-

mending structured follow-up for patients who

do not fulfil these criteria.

Presently there is no alternative medical therapy

to parathyroidectomy that has proven efficacy in

managing all aspects of PHPT. Alendronate has

beneficial effects on BMD but has not been

shown to reduce fracture risk or significantly

lower serum calcium, while cinacalcet normalizes

serum calcium but does not alter BMD.

Despite the high success rate, low morbidity

and convenience of modern parathyroidectomy,

patients need to be assessed on a case-by-case

basis and important clinical considerations

need to be balanced to determine whether

parathyroidectomy is the best option for individ-

ual patients with mild asymptomatic PHPT

(Table 3).

Table 3. Factors influencing management of patients with mild primary hyperparathyroidism. (Adapted from
Gittoes and Cooper [2010]).

Favours conservative management Favours parathyroidectomy

Old age Young age
Short life expectancy Long life expectancy
High operative risk Low operative risk
Patient preference Patient preference
Initial low fracture risk Risk of worsening bone disease

Risk of worsening renal function
Neuropsychiatric features
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