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other inorganic molecules. Low albumin lev-
els can affect the total serum calcium level.
Directly measuring the free calcium level is
more convenient and accurate, but the follow-
ing formula can be used to calculate the cor-
rected total serum calcium level:

Corrected calcium = (4.0 g per dL −
[plasma albumin]) � 0.8 + [serum calcium]

Parathyroid hormone (PTH), 1,25-dihy-
droxyvitamin D3 (calcitriol), and calcitonin
control calcium homeostasis in the body
(Table 1). Increased bone resorption, increased
gastrointestinal absorption of calcium, and
decreased renal excretion of calcium cause
hypercalcemia. Normal serum calcium levels
are 8 to 10 mg per dL (2.0 to 2.5 mmol per L,
Figure 1), although the exact range can vary
among laboratories. Normal ionized calcium
levels are 4 to 5.6 mg per dL (1 to 1.4 mmol per
L). Hypercalcemia is considered mild if the
total serum calcium level is between 10.5 and
12 mg per dL (2.63 and 3 mmol per L).5 Levels
higher than 14 mg per dL (3.5 mmol per L)
can be life threatening.

PTH is an 84-amino acid hormone pro-
duced by the four pea-sized parathyroid glands
posterior to the thyroid gland. In response to
low serum calcium levels, PTH raises calcium

H
ypercalcemia is a disorder
commonly encountered by
primary care physicians.
Approximately one in 500
patients who are treated in a

general medicine clinic have undiagnosed pri-
mary hyperparathyroidism, the leading cause
of hypercalcemia.1-4 The diagnosis of hyper-
calcemia most often is made incidentally
when a high calcium level is detected in blood
samples. The principal challenges in the man-
agement of hypercalcemia are distinguishing
primary hyperparathyroidism from condi-
tions that will not respond to parathyroidec-
tomy and knowing when it is appropriate to
refer the patient for surgery. It is essential that
physicians know how to evaluate and opti-
mally manage patients with hypercalcemia,
because treatment and prognosis vary accord-
ing to the underlying disorder.

Pathophysiology of Hypercalcemia
The skeleton contains 98 percent of total

body calcium; the remaining 2 percent circu-
lates throughout the body. One half of circu-
lating calcium is free (ionized) calcium, the
only form that has physiologic effects. The
remainder is bound to albumin, globulin, and

Hypercalcemia is a disorder commonly encountered by primary care physicians. The diag-
nosis often is made incidentally in asymptomatic patients. Clinical manifestations affect the
neuromuscular, gastrointestinal, renal, skeletal, and cardiovascular systems. The most com-
mon causes of hypercalcemia are primary hyperparathyroidism and malignancy. Some
other important causes of hypercalcemia are medications and familial hypocalciuric hyper-
calcemia. An initial diagnostic work-up should include measurement of intact parathyroid
hormone, and any medications that are likely to be causative should be discontinued.
Parathyroid hormone is suppressed in malignancy-associated hypercalcemia and elevated
in primary hyperparathyroidism. It is essential to exclude other causes before considering
parathyroid surgery, and patients should be referred for parathyroidectomy only if they
meet certain criteria. Many patients with primary hyperparathyroidism have a benign
course and do not need surgery. Hypercalcemic crisis is a life-threatening emergency.
Aggressive intravenous rehydration is the mainstay of management in severe hypercal-
cemia, and antiresorptive agents, such as calcitonin and bisphosphonates, frequently can
alleviate the clinical manifestations of hypercalcemic disorders. (Am Fam Physician
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levels by accelerating osteoclastic bone resorp-
tion and increasing renal tubular resorption of
calcium. It also increases calcitriol, which indi-
rectly raises serum calcium levels. PTH causes
phosphate loss through the kidneys. Thus, in
patients with PTH-mediated hypercalcemia,
serum phosphate levels tend to be low.

Vitamin D is a steroid hormone that is
obtained through the diet or produced by the
action of sunlight on vitamin D precursors in
the skin. Calcitriol, the active form of vitamin
D, is derived from successive hydroxylation of

the precursor cholecalciferol, first in the liver
(25-hydroxylation), then in the kidneys 
(1-hydroxylation). Adequate vitamin D is nec-
essary for bone formation. However, the prin-
cipal target for vitamin D is the gut, where it
increases the absorption of calcium and phos-
phate. Thus, in vitamin D-mediated hypercal-
cemia, serum phosphate levels tend to be high.

Calcitonin is a 32-amino acid hormone pro-
duced by the parafollicular C cells of the thy-
roid. Calcitonin is a weak inhibitor of osteoclast
activation and opposes the effects of PTH on
the kidneys, thereby promoting calcium and
phosphate excretion. Calcitonin levels might be
elevated in pregnant patients and in patients
with medullary carcinoma of the thyroid.
However, there are no direct clinical sequelae,
and serum calcium levels usually are normal.

PTH-related peptide (PTHrP) is the princi-
pal mediator in hypercalcemia associated with
solid tumors.6 PTHrP is homologous with PTH
at the amino terminus, the region that com-
prises the receptor-binding domain. PTHrP
binds the PTH receptor and mimics the bio-
logic effects of PTH on bones and the kidneys.

Clinical Manifestations of Hypercalcemia
The optimal concentration of serum ionized

calcium is essential for normal cellular func-
tion. Hypercalcemia leads to hyperpolariza-
tion of cell membranes. Patients with levels of
calcium between 10.5 and 12 mg per dL can be
asymptomatic.7 When the serum calcium level
rises above this stage, multisystem manifesta-
tions become apparent (Table 2). This constel-
lation of symptoms has led to the mnemonic
“Stones, bones, abdominal moans, and psychic
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TABLE 1

Actions of the Hormones Involved in Calcium Homeostasis

Hormone Effect on bones Effect on gut Effect on kidneys

Parathyroid hormone ↑Ca++, Supports osteoclast Indirect effects via Supports Ca++ resorption 
↓PO4 levels in blood resorption ↑calcitriol from and PO4 excretion, activates 

1-hydroxylation 1-hydroxylation

Calcitriol (vitamin D) ↑Ca++, No direct effects ↑Ca++ and PO4 No direct effects
↑PO4 levels in blood Supports osteoblasts absorption

Calcitonin causes ↓Ca++, ↓PO4 Inhibits osteoclast No direct effects Promotes Ca++ and PO4

levels in blood when resorption excretion
hypercalcemia is present

Ca++ = calcium; PO4 = phosphate radical.

FIGURE 1. Spectrum of hypercalcemia indicated by serum total and 
ionized calcium levels.

Spectrum of Hypercalcemia
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groans,” which is used to recall the signs and
symptoms of hypercalcemia, particularly as a
result of primary hyperparathyroidism.

Neuromuscular effects include impaired
concentration, confusion, corneal calcifica-
tion, fatigue, and muscle weakness.8 Nausea,
abdominal pain, anorexia, constipation, and,
rarely, peptic ulcer disease or pancreatitis are
among the gastrointestinal manifestations.
The most important renal effects are polydip-
sia and polyuria resulting from nephrogenic
diabetes insipidus, and nephrolithiasis result-
ing from hypercalciuria. Other renal effects
include dehydration and nephrocalcinosis.
Cardiovascular effects include hypertension,
vascular calcification, and a shortened QT
interval on the electrocardiogram. Cardiac
arrhythmias are rare. Bone pain can occur in
patients with hyperparathyroidism or malig-
nancy. Osteoporosis of cortical bone, such as
the wrist, is mainly associated with primary
hyperparathyroidism.9 Excess PTH also can
result in subperiosteal resorption, leading to
osteitis fibrosa cystica with bone cysts and
brown tumors of the long bones.

Differential Diagnosis for Hypercalcemia
Primary hyperparathyroidism and malig-

nancy account for more than 90 percent of
hypercalcemia cases. These conditions must be
differentiated early to provide the patient with
optimal treatment and accurate prognosis.
Humoral hypercalcemia of malignancy implies
a very limited life expectancy—often only a mat-
ter of weeks. On the other hand, primary hyper-
parathyroidism has a relatively benign course.

The causes of hypercalcemia can be divided
into seven categories: hyperparathyroidism,
vitamin D-related causes, malignancy, med-
ications, other endocrine disorders, genetic
disorders, and miscellaneous causes (Table 3).
Evaluation of a patient with hypercalcemia
(Figure 2) should include a careful history and
physical examination focusing on clinical
manifestations of hypercalcemia, risk factors
for malignancy, causative medications, and a
family history of hypercalcemia-associated
conditions (e.g., kidney stones).
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TABLE 2

Clinical Manifestations of Hypercalcemia

Renal “stones”
Nephrolithiasis
Nephrogenic diabetes insipidus
Dehydration
Nephrocalcinosis

Skeleton “bones”
Bone pain
Arthritis
Osteoporosis
Osteitis fibrosa cystica in 

hyperparathyroidism (subperiosteal
resorption, bone cysts)

Gastrointestinal “abdominal
moans”

Nausea, vomiting
Anorexia, weight loss
Constipation
Abdominal pain
Pancreatitis
Peptic ulcer disease

Neuromuscular “psychic groans”
Impaired concentration and memory
Confusion, stupor, coma
Lethargy and fatigue
Muscle weakness
Corneal calcification (band 

keratopathy)

Cardiovascular
Hypertension
Shortened QT interval on 

electrocardiogram
Cardiac arrhythmias
Vascular calcification

Other
Itching
Keratitis, conjunctivitis

TABLE 3

Causes of Hypercalcemia

Parathyroid hormone-related
Primary hyperparathyroidism*

Sporadic, familial, associated with 
multiple endocrine neoplasia I or II 

Tertiary hyperparathyroidism 
Associated with chronic renal failure 

or vitamin D deficiency 
Vitamin D-related 
Vitamin D intoxication 

Usually 25-hydroxyvitamin D2 in 
over-the-counter supplements 

Granulomatous disease sarcoidosis, 
berylliosis, tuberculosis 

Hodgkin’s lymphoma 

Malignancy 
Humoral hypercalcemia of 

malignancy* (mediated by PTHrP)
Solid tumors, especially lung, 

head, and neck squamous cancers, 
renal cell tumors

Local osteolysis* (mediated by 
cytokines) multiple myeloma, 
breast cancer 

PTHrP = parathyroid hormone-related peptide. 

*—The most common causes of hypercalcemia. 

Medications 
Thiazide diuretics (usually mild)* 
Lithium 
Milk-alkali syndrome (from calcium

antacids) 
Vitamin A intoxication (including

analogs used to treat acne) 

Other endocrine disorders 
Hyperthyroidism 
Adrenal insufficiency 
Acromegaly 
Pheochromocytoma 

Genetic disorders 
Familial hypocalciuric hypercalcemia:

mutated calcium-sensing receptor

Other 
Immobilization, with high bone

turnover (e.g., Paget’s disease, 
bedridden child)

Recovery phase of rhabdomyolysis



HYPERPARATHYROIDISM

Increased screening of calcium levels and
wide availability of reliable assays for intact PTH
levels have led to more frequent and earlier
diagnoses of primary hyperparathyroidism. In
80 percent of cases, a single parathyroid ade-
noma is responsible. However, hyperpara-

thyroidism also can result from hyperplasia of
the parathyroid glands or, rarely, parathyroid
carcinoma. In primary or tertiary hyper-
parathyroidism, PTH levels are normal or high
in the setting of hypercalcemia (Figure 3).

In many patients, primary hyperparathy-
roidism progresses very slowly. Patients
should be considered for parathyroidectomy
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FIGURE 2. Diagnostic algorithm for the evaluation of hypercalcemia. Primary hyperparathy-
roidism and malignancy account for more than 90 percent of cases. Intact PTH will be suppressed
in cases of malignancy-associated hypercalcemia, except for the extremely rare parathyroid car-
cinoma. The physician can conclude diagnostic testing and treat the causative disorder once a
final diagnosis step has been reached. (Ca++ = calcium; OTC = over-the-counter; PTH = parathy-
roid hormone; PTHrP = parathyroid hormone-related peptide; TSH = thyroid-stimulating hor-
mone; T4 = free thyroxine; MRI = magnetic resonance imaging.)

Evaluation of Hypercalcemia

Familial hypocalciuric
hypercalcemia

Primary or tertiary 
hyperparathyroidism

Stop causative 
medications if 
possible, and recheck
calcium level.

Hypercalcemia detected
Total Ca++ >10.5 mg/dL (2.63 mmol/L) 
or ionized Ca++ >5.6 mg/dL (1.4 mmol/L)

Symptom-guided malignancy work-up
Solid tumors

• ↑ PTHrP: adeno and squamous 
cancer (e.g., lung tumor)

• ↑ Alkaline phosphatase: bone lysis 
(e.g., breast tumor)

Hematologic malignancies
• Positive myeloma screen: multiple myeloma
• ↑ Calcitriol: lymphoma, granulomatous diseases

Careful history and physical examination focusing on: 
• Clinical features of hypercalcemia (see Table 2)
• Possible causative diseases (see Table 3)
• Possible causative medications, 

including OTC (see Table 3)

Check 24-hour urinary Ca++ level

If malignancy work-up is negative

Suppressed Normal or high

Measure intact PTH level.

Test for other endocrinopathies (consider
referral to endocrinologist)
• Hyperthyroidism: TSH, free T4

• Adrenal insufficiency: cortisol
• Acromegaly: insulin-like growth 

factor 1, pituitary MRI

Low Normal or high

If surgery indicated 
(see Table 4)

Consider parathyroid
sestamibi scan.

Parathyroidectomy



only if they meet criteria recommended by the
National Institutes of Health Consensus
Development Conference (Table 4).10 [Evi-
dence level C, consensus opinion] The disease
will progress in approximately one fourth of
patients who do not undergo surgery.11 Pre-
operative nuclear imaging of the parathyroids
with a sestamibi scan (Figure 4) allows the sur-
geon to perform unilateral neck dissection,
which results in reduced operative time and
less morbidity.12 Risks of parathyroid surgery
include permanent hypoparathyroidism and
damage to the recurrent laryngeal nerve.

Chronic renal failure generally causes
hypocalcemia. If untreated, prolonged high
phosphate and low vitamin D levels can lead
to increased PTH secretion and subsequent
hypercalcemia. This is termed tertiary hyper-
parathyroidism.

VITAMIN D-MEDIATED CAUSES

The most commonly available vitamin D
supplements consist of 25-hydroxyvitamin
D2. In suspected overdose of over-the-counter
vitamin D, the level of 25-hydroxyvitamin D3

(not 1,25-dihydroxyvitamin D3) should be
measured. Macrophages can cause granu-
loma-forming (i.e., sarcoidosis, tuberculosis,
Hodgkin’s lymphoma) increased extra-renal
conversion of 25-hydroxyvitamin D3 to cal-
citriol. PTH levels are suppressed, and levels of
1,25-dihydroxyvitamin D3 are elevated.
Hypercalcemia mediated by excessive vitamin
D responds to a short course of glucocorti-
coids if the underlying disease is treated.

HYPERCALCEMIA OF MALIGNANCY

Hypercalcemia of malignancy occurs in sev-
eral settings.13 It is mediated most commonly
by systemic PTHrP in patients with solid
tumors. This is known as the humoral hyper-
calcemia of malignancy. PTHrP mimics the
bone and renal effects of PTH. In contrast to
primary hyperparathyroidism, the humoral
hypercalcemia of malignancy is associated
with suppressed PTH levels and normal cal-
citriol levels. Extensive bone lysis also can
cause malignancy-associated hypercalcemia.
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FIGURE 3. Representative serum calcium and PTH levels in patients with
calcium disorders. The four differently shaped panels depict where the
serum calcium level will plot in relation to the PTH level in various con-
ditions. In primary hyperparathyroidism, a high PTH level correlates
with a high calcium level. In malignancy-associated hypercalcemia, PTH
is suppressed. (PTH = parathyroid hormone)
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TABLE 4

Criteria for Surgery in Primary Hyperparathyroidism*

Serum total calcium level > 12 mg per dL (3 mmol per L) at any time
Hyperparathyroid crisis (discrete episode of life-threatening hypercalcemia)
Marked hypercalciuria (urinary calcium excretion more than 400 mg per day)
Nephrolithiasis
Impaired renal function
Osteitis fibrosa cystica
Reduced cortical bone density (measure with dual x-ray absorptiometry or 

similar technique)
Bone mass more than two standard deviations below age-matched controls 

(Z score less than 2)
Classic neuromuscular symptoms

Proximal muscle weakness and atrophy, hyperreflexia, and gait disturbance
Age younger than 50 

*—Guidelines from the National Institutes of Health Consensus Development
Conference.

Information from NIH conference: diagnosis and management of asymptomatic
primary hyperparathyroidism: consensus development conference statement.
Ann Intern Med 1991;114:593-7.



Multiple myeloma and metastatic breast can-
cer can present in this way. In osteolytic hyper-
calcemia, the alkaline phosphatase level is usu-
ally markedly elevated. Hodgkin’s lymphoma
causes hypercalcemia through increased pro-
duction of calcitriol.

MEDICATIONS

Thiazide diuretics increase renal calcium
resorption and cause mild hypercalcemia that
should resolve when the medication is discon-
tinued. Thiazide diuretic therapy can unmask
many cases of primary hyperparathyroidism.
Consumption of large amounts of calcium
carbonate via calcium-containing antacids
can lead to hypercalcemia, alkalosis, and renal
insufficiency—an uncommon disorder
termed milk-alkali syndrome.14 Lithium use
can cause hypercalcemia by increasing the set
point of PTH,15 requiring a higher serum cal-

cium level to switch off PTH secretion. Large
doses of vitamin A and its analogs can cause
hypercalcemia, which appears to be mediated
through increased bone resorption.

OTHER ENDOCRINE DISORDERS

Thyrotoxicosis-induced bone resorption can
result in mild hypercalcemia. Volume expan-
sion and glucocorticoid replacement can cor-
rect the hypercalcemia that occasionally occurs
in patients with adrenal insufficiency. Pheo-
chromocytoma is thought to cause hypercal-
cemia through the production of PTHrP.
Pheochromocytoma may be associated with
primary hyperparathyroidism as part of type 1
multiple endocrine neoplasia syndrome.

FAMILIAL HYPOCALCIURIC HYPERCALCEMIA

Familial hypocalciuric hypercalcemia16

(FHH) is an autosomal-dominant condition
with virtually 100 percent penetrance. Most
cases are caused by a mutation in the calcium-
sensing receptor gene. Patients have moderate
hypercalcemia from an early age but relatively
low urinary calcium excretion. PTH levels can
be normal or only mildly elevated despite the
hypercalcemia. This mild elevation can lead to
an erroneous diagnosis of primary hyper-
parathyroidism. The conditions can be differ-
entiated by use of a 24-hour urinary collection
for calcium; calcium levels will be high or nor-
mal in patients with hyperparathyroidism and
low in patients with FHH. Parathyroidectomy
is not beneficial in patients with FHH.

MISCELLANEOUS CAUSES

In conditions of high bone turnover, such as
Paget’s disease and normal growth in children,
immobilization can cause hypercalcemia.Hyper-
calcemia also can occur in the recovery phase of
rhabdomyolysis-induced renal injury, when cal-
cium deposited in soft tissue is mobilized.

Treatment of Hypercalcemia
Asymptomatic patients with mild hypercal-

cemia generally do not benefit from normal-
ization of their serum calcium levels. Patients
with calcium levels greater than 14 mg per dL
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FIGURE 4. Parathyroid sestamibi nuclear scan showing normal uptake
in the salivary glands and thyroid, and an abnormal focus inferior to
the left lobe consistent with a left inferior parathyroid adenoma. The
adenoma was successfully removed following a unilateral neck dissec-
tion in a 66-year-old woman who presented in a “hyperparathyroid
storm” with a serum calcium level of 16.4 mg per dL (4.1 mmol per L).
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or symptomatic patients with calcium levels
greater than 12 mg per dL (Table 5) should be
immediately and aggressively treated.17 The
safest and most effective treatment of hyper-
calcemic crisis is saline rehydration followed
by furosemide (Lasix) diuresis, calcitonin, and
bisphosphonates.

HYDRATION AND DIURESIS

In patients with mild hypercalcemia, ade-
quate hydration should be encouraged and
immobilization discouraged. In symptomatic
patients, a loop diuretic (e.g., furosemide) can
be prescribed. Recent evidence suggests that
estrogen-replacement therapy might be bene-
ficial in postmenopausal women with pri-
mary hyperparathyroidism.18 [Evidence level
B, lower-quality randomized controlled trial]

In patients with severe hypercalcemia, the
mainstay of management is aggressive intra-
venous rehydration. Normal saline should be
used to achieve a urine output of 200 mL per

hour. Only when the intravascular volume has
been restored should a loop diuretic be used
in low dosages (e.g., furosemide, 10 to 20 mg)
to further lower the serum calcium level if
necessary.

PHARMACOLOGIC AGENTS

In malignancy-associated hypercalcemia,
intravenous pamidronate (Aredia), 60 to 90
mg, can be given by four-hour infusion.13 This
agent often will normalize the serum calcium
level, but peak effects do not occur until 48 to
72 hours after infusion. Caution must be used
with bisphosphonates19 in patients with renal
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TABLE 5

Pharmacologic Options for the Treatment of Hypercalcemia

Agent Mode of action Indication in hypercalcemia Cautions

Normal saline 2 to 4 L IV Enhances filtration and Severe ↑Ca++ > 14 mg per dL May exacerbate heart failure in 
daily for 1 to 3 days excretion of Ca++ (3.5 mmol per L) elderly patients

Moderate ↑Ca++ with Lowers Ca++ by 1 to 3 mg per dL 
symptoms (0.25 to 0.75 mmol per L)

Furosemide (Lasix) 10 to Inhibits calcium resorption Following aggressive ↓K+, dehydration if used before 
20 mg IV as necessary in the distal renal tubule rehydration intravascular volume is restored

Bisphosphonates Inhibits osteoclast action Hypercalcemia of malignancy Nephrotoxicity, ↓Ca++, ↓PO4, 
Pamidronate (Aredia), 60 to and bone resorption rebound ↑Ca++ in 

90 mg IV over 4 hours hyperparathyroidism
Zoledronic acid (Zometa), Maximal effects at 72 hours

4 mg IV over 15 minutes

Calcitonin (Calcimar or Inhibits bone resorption, Initial treatment (after Rebound ↑Ca++ after 24 hours, 
Miacalcin) 4 to 8 IU per augments Ca++ excretion rehydration) in severe ↑Ca++ vomiting, cramps, flushing
kg IM or SQ every 6 hours Rapid ↑Ca++ within 2 to 6 hours
for 24 hours

Glucocorticoids Inhibits vitamin D conversion Vitamin D intoxication, Immune suppression, myopathy
Hydrocortisone, 200 mg to calcitriol hematologic malignancies, 

IV daily for 3 days granulomatous disease

Plicamycin (Mithracin), 25 mcg Cytotoxic to osteoclasts Rarely used in severe ↑Ca++ Marrow, hepatic, renal toxicity
per kg per day IV over 6 hours 
for 3 to 8 doses

Gallium nitrate (Ganite) Inhibits osteoclast action Rarely used in severe ↑Ca++ Renal and marrow toxicity
100 to 200 mg per m2 IV 
over 24 hours for 5 days

IV = intravenously; Ca++ = calcium; ↑ = increase; ↓ = decrease; K+ = potassium; PO4 = phosphate radical; IM = intramuscularly; SQ =
subcutaneously.

Patients with calcium levels greater than 14 mg per dL 
(3.5 mmol per L) or symptomatic patients with calcium levels
greater than 12 mg per dL (3 mmol per L) should be immedi-
ately and aggressively treated.



Hypercalcemia

impairment. In severe hypercalcemia refrac-
tory to saline diuresis, calcitonin (Calcimar,
Miacalcin) can be given every six hours. This
treatment has a rapid onset but short duration
of effect, and patients develop tolerance to the
calcium-lowering effect. Other antiresorptive
agents that are used occasionally include pli-
camycin (Mithracin) and gallium nitrate
(Ganite). In hypercalcemia mediated by vita-
min D and in hematologic malignancies (e.g.,
myeloma, lymphoma), glucocorticoids are the
first line of therapy after fluids.

DIALYSIS

In cases of resistant, life-threatening hyper-
calcemia, hemodialysis against a low-calcium
dialysate is more effective than peritoneal dial-
ysis in lowering serum calcium levels. Therapy
for the underlying condition should be insti-
tuted as soon as possible. Consultation with
an endocrinologist is recommended.

SURGERY

In cases of hypercalcemic crisis resulting
from primary hyperparathyroidism, urgent
parathyroidectomy is potentially curative.20
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Recent evidence suggests that estrogen-replacement therapy
might be beneficial in postmenopausal women with primary
hyperparathyroidism.


