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INTRODUCTION
Since the advent of the automated serum biochemistry 
analyser in the 1970s, mild to moderate hypercalcae-
mia has become a common incidental finding in clinical 
practice. Very high serum calcium (more than 3 mmol/L, 
12 mg/dL), however, remains uncommon. Whenever 
hypercalcaemia is confirmed, a definitive diagnosis needs 
to be established. Primary hyperparathyroidism (PHPT) 
and malignancy are the two commonest causes of hyper-
calcaemia and account for more than 90% of cases.1 
Initial evaluation should be directed at distinguishing 
between the two. 

INTERPRETATION OF 
SERUM CALCIUM
Before any further investigation, it is essential to make sure 
that the apparent hypercalcaemia is not a false-positive 
laboratory test result. Biologically relevant hypercalcae-
mia is due to an elevated ionized (‘free’) calcium concen-
tration. Most standard laboratories measure total calcium 
rather than ionized calcium. Up to 45% of serum calcium 
is bound to protein, principally albumin. Increased protein 
binding can result in apparent elevation in serum total cal-
cium concentration without any rise in the ionized calcium. 

This phenomenon is called ‘pseudohypercalcaemia’. It may 
occur in those with hyperalbuminaemia from severe dehy-
dration. Rarely, calcium-binding paraproteins in multiple 
myeloma present with pseudohypercalcaemia. Conversely, 
when albumin is low as in chronic illness, severe malnutri-
tion or liver disease, serum total calcium may appear to be 
falsely low although ionized calcium is normal. If a labora-
tory is able to measure ionized calcium reliably, it would 
be preferable to measure it directly in clinical situations 
where serum albumin may be high or low. 

Most laboratories will correct measured serum total 
calcium with respect to albumin, assuming normal albu-
min to be 40 g/L:

 [Ca]adjusted = [Ca]total + {0.02 ×  (40 g/L − [Alb]serum)}

where: 

[Ca]adjusted: adjusted serum calcium, in mmol/L 

[Ca]total: measured serum total calcium, in mmol/L

[Alb]serum: measured serum albumin concentration, in g/L.

With US units measuring calcium in mg/dL and albu-
min in g/dL, the correction formula is:

 [Ca]adjusted = [Ca]total + {0.8 × (4 g/dL − [Alb]serum)}

Data in this chapter may be updated by a PubMed search using the keywords: hypercalcaemia, parathyroid hormone, primary 
hyperparathyroidism, familial hypocalciuric hypercalcaemia and hypercalcaemia of malignancy.
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A single, unexpected serum calcium reading should be 
repeated to confirm the diagnosis. If hypercalcaemia is 
detected in association with dehydration, calcium should 
be retested after correction of dehydration. Where cumu-
lative results are available, previous calcium results should 
be reviewed to see if hypercalcaemia is acute or chronic. 
Chronic, stable, asymptomatic hypercalcaemia is likely 
to be benign, the commonest cause being PHPT. Familial 
hypocalciuric hypercalcaemia (FHH), an inherited condi-
tion characterized by a loss of function mutation of the 
calcium-sensing receptor (CaSR), may also present as 
chronic asymptomatic hypercalcaemia. 

The degree of hypercalcaemia also may be useful diag-
nostically. Primary hyperparathyroidism usually presents 
with borderline or mild hypercalcaemia (serum calcium 
concentration often below 2.75 mmol/L, 11 mg/dL). Values 
above 3.25 mmol/L (13 mg/dL) are unusual in primary 
hyperparathyroidism, although they do occur, and are 
more common in patients with malignancy-associated 
hypercalcaemia.

CLINICAL EVALUATION
Mild to moderate hypercalcaemia is usually asymp-
tomatic. Signs and symptoms of hypercalcaemia are 
non-specific and similar regardless of the cause. These 
include constitutional symptoms such as weakness, leth-
argy, intellectual weariness and depression.2 Very severe 
hypercalcaemia both contributes to and is exacerbated by 
dehydration. Additional features should be sought in the 
clinical presentation to help uncover the underlying cause 
of hypercalcaemia. 

An adult with asymptomatic hypercalcaemia probably 
has PHPT. Clinical features which favour this diagnosis 
include chronicity, modest elevation in serum calcium lev-
els, slow or no progression of hypercalcaemia over time, 
normal physical examination and lack of obvious alter-
native diagnoses. Established end-organ damage such as 
osteoporotic fragility fractures, declining renal function 
and kidney stones may be surrogate features of chronicity 
and their presence may provide some reassurance that the 
underlying cause of hypercalcaemia is not neoplastic. 

PHPT typically occurs in middle-aged or older women. 
A finding of high calcium in a patient outside this demo-
graphic group should prompt consideration of causes 
other than PHPT. Younger patients with hypercalcaemia 
may have a familial cause. Parathyroid cancer should 
be suspected in young men presenting with PTH-driven 
hypercalcaemia. 

Although hypercalcaemia can be the first manifesta-
tion of malignancy, in most patients with malignancy- 
associated hypercalcaemia, the disease is not occult. 
Typically, features of underlying disease would have 
brought the patient to medical attention; hypercalcaemia 
is detected as an additional finding during further inves-
tigations. Rapidly progressive or very high serum calcium 
concentrations should raise concerns about malignancy. 
Breast, lung, colon and prostate cancers are the common-
est solid organ tumours with skeletal metastases.3

Clinical evaluation should include an enquiry about 
weight loss, change in bowel habit, examination of the 
respiratory system, breast examination in women and 
prostate examination in men. Multiple myeloma may 
present with hypercalcaemia alone. 

Dietary calcium intake and medications (prescription 
and non-prescription drugs, herbal preparations, cal-
cium and vitamin supplements) are important to diagnose 
drug-induced hypercalcaemia (Table 71.1). If possible, any 
medication that may be causing hypercalcaemia should be 
discontinued. With the exception of vitamin D excess, 
hypercalcaemia is generally mild in drug-induced hyper-
calcaemia. Diagnoses are not mutually exclusive. It is pos-
sible for thiazide diuretics to accentuate or unmask mild 
or incipient PHPT. 

LABORATORY EVALUATION
Once hypercalcaemia has been confirmed, the next step 
should be to determine whether this elevation is PTH-
driven. PTH mediates hypercalcaemia both in PHPT and 
FHH. All other causes of hypercalcaemia suppress PTH 
(Table 71.2). 

TABLE 71.1 Causes of hypercalcaemia

Parathyroid hormone dependent

 I. Primary hyperparathyroidism
 a. Solitary or multiple adenomas
 b. Parathyroid hyperplasia
 c. Parathyroid cancer

 II. Tertiary hyperparathyroidism (end-stage renal failure)
 III. Ectopic PTH secretion (very rare)
 IV. Multiple endocrine neoplasia – MEN 1 and 2a
 V. Inactivating mutations in CaSR or G proteins: familial 

hypocalciuric hypercalcaemia (FHH)
 VI. Lithium therapy (alteration in CaSR function)

Parathyroid hormone independent

 I. Neoplastic
 a. Osteolytic skeletal metastases
 b. Multiple myeloma
 c. Paraneoplastic syndrome (PTHrP mediated)

 II. Chronic granulomatous disease (e.g. sarcoidosis)
 III. Endocrine disorders
 a. Hyperthyroidism
 b. Acromegaly
 c. Hypoadrenalism

 IV. Medications
 a. Thiazide diuretics
 b. Hypervitaminosis A or D
 c. Theophylline
 d. Teriparatide (human recombinant PTH 1-34)

 V. Excessive calcium intake
 a. Milk-alkali syndrome
 b. Total parenteral nutrition

 VI. Miscellaneous
 a. Immobilization
 b. Metaphyseal chondrodysplasia
 c. Congenital lactase deficiency
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Serum parathyroid hormone (PTH)
ELEVATED OR MID- TO HIGH-NORMAL PTH

Hypercalcaemia with elevated PTH is likely to be PTH-
driven. Elevated PTH in the setting of hypercalcaemia is 
most likely to be due to PHPT.4 For reasons which are not 
clear, PHPT also appears to be more common in cancer 
patients than in the general population.5,  6 PTH should 
still be measured even in patients with known malig-
nancy who present with elevated calcium. Confirmation 
of PHPT in this situation could obviate a psychologically 
distressing and ultimately futile search for metastatic or 
paraneoplastic disease. 

Parathyroid hormone levels should be interpreted in con-
text. Physiologically, once hypercalcaemia is established, 
production of PTH from the parathyroid glands should 
be switched off. A PTH level within the upper half of the 
reference range despite hypercalcaemia is ‘inappropriately 
elevated’; this picture is still consistent with PTH-driven 
hypercalcaemia and hence with the diagnosis of PHPT. It 
should also be noted that PTH levels rise with age. In a 
younger individual (age <45 years), the normative range is 
lower and narrower. PHPT in a young individual may show 
a PTH value that is within normal range for the population.7

However, with a PTH level within the upper end of the 
normative range, other diagnoses such as FHH should 
also be considered. PTH levels may be influenced by pre-
analytic factors related to collection, storage and  transit.8 
PTH should be repeated when the test results appear 
equivocal. 

In chronic kidney disease, there is complex interplay 
of regulatory hormones (PTH, calcitriol and fibroblast 
growth factor 23 (FGF-23)). The characteristic biochemi-
cal picture is elevated PTH in response to high phosphate, 
low calcitriol (1,25  dihydroxycholecalciferol), with or 
without low serum calcium. Hypercalcaemia is relatively 
rare until relatively later stages of chronic kidney disease 
(estimated glomerular filtration rate <30 mL/min/1.73 m2 
BSA). Hypercalcaemia in this situation may occur as a 
progression of compensatory (‘appropriate’) parathyroid 
hyperplasia to an autonomous overactivity of parathy-
roid glands. This is known as tertiary hyperparathyroid-
ism. The diagnosis is relatively straightforward since the 
emerging trend would be well documented in a patient 
with progressive renal decline; most patients who develop 
tertiary hyperparathyroidism also have end-stage renal 
failure. Hypercalcaemia may be absent in those patients if 
they are on haemodialysis. 

TABLE 71.2 Differential diagnosis of hypercalcaemia

Condition

Total 
adjusted 

serum 
calcium

Ionized 
serum 

calcium Phosphate

Parathyroid 
hormone 

(PTH)

Urinary 
calcium 

excretion Vitamin D Comments

Pseudohypercalcaemia ↑ ⇔ ⇔ ⇔ ⇔ ⇔ May occur in presence of 
calcium-binding proteins 
other than albumin (e.g. in 
myeloma)

Primary 
hyperparathyroidism 
(PHPT)

↑ ↑ ⇔ or ↓ ↑ or 
high-normal

High-normal 
or  ↑

⇔ or ↓ Usually mild to moderate. 
More common in 
postmenopausal women 

May be hereditary, 
e.g. MEN 1 and 2a

Familial hypocalciuric 
hypercalcaemia (FHH)

↑ ↑ ⇔ or ↓ ↑ Ca : creatinine 
excretion 
ratio <0.01

⇔ Autosomal dominant

Usually presents with 
asymptomatic 
hypercalcaemia

Osteolytic skeletal 
metastases

↑↑ ↑↑ ⇔ or ↑ ↓↓ ↑ but routine 
measurement 
not needed

⇔ May present with very high 
calcium level, often over a 
short duration 

Clinical features of primary 
solid organ tumour usually 
predominates

Multiple myeloma ↑ ↑ ⇔ or ↑ ↓ ⇔ or ↑ ⇔ Hypercalcaemia may be 
the first presenting clinical 
feature 

Usually has normal alkaline 
phosphatase

Paraneoplastic syndrome ↑ ↑ ⇔ or ↑ ↓ ⇔ or ↑ ⇔ Raised PTHrP

Features of malignancy 
may predominate

Vitamin D excess (oral 
ingestion, granulomatous 
disease, lymphoma)

↑ ↑ ↑ or ⇔ ↓ ⇔ or ↑ ⇔ or ↑ 1,25-DHCC raised in 
granulomatous disease 
and lymphoma
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Hypercalcaemia may also be seen patients with ady-
namic bone disease, a form of chronic kidney disease 
mineral bone disorder (CKD-MBD) characterized by low 
bone turnover. In such patients, calcium elevation results 
from failure of the bone to take up calcium after an oral 
calcium load, such as calcium carbonate to treat hyper-
phosphataemia.9 PTH in adynamic bone disease is only 
modestly elevated, typically (<11 pmol/L, 110 pg/mL) and 
may appear disproportionately low relative to the degree 
of renal dysfunction. 

Following renal transplantation, the parathyroid 
hyperplasia subsides over a period of months to years. 
Sometimes, hypercalcaemia develops after successful 
renal transplantation as calcitriol production is restored 
before parathyroid hyperplasia has subsided completely. 

SUPPRESSED PTH

PTH-independent causes should be considered if the PTH 
is low or within the lower half of the reference range. 
Serum intact PTH levels below 2.2 pmol/L (20 pg/mL) are 
highly suggestive of a non-PTH related cause. 

Malignancy should be suspected if the hypercalcaemia 
is of short duration and especially if the calcium level 
is very high (>3 mmol/L). More often than not, the pri-
mary tumour is a solid organ tumour and the patient may 
present with clinical features attributable to the primary 
cancer. Hypercalcaemia may arise from direct lytic metas-
tases from non-small cell lung cancer, breast cancer, renal 
cell carcinoma and gastrointestinal tumours. Skeletal 
symptoms such as bone pain and pathological fractures 
may be present. It is recognized, however, that hypercal-
caemia and the extent of skeletal metastases are poorly 
correlated.10

In the absence of overt skeletal metastases, humoral 
hypercalcaemia of malignancy may arise from the action 
of tumour-derived humoral factors, such as PTH-related 
protein (PTHrP). PTHrP-related hypercalcaemia has been 
described in association with solid organ tumours, par-
ticularly squamous cell carcinoma of the lung and skin, 
head and neck tumours and renal cell carcinoma. PTHrP 
does not react with PTH assays. Humoral hypercalcae-
mia is accompanied by suppressed PTH levels on standard 
second- and third-generation PTH assays. Measurement 
of PTHrP is seldom justified in clinical practice as the 
underlying malignancy should be self-evident. Levels of 
PTH and 1,25DHCC are both suppressed appropriately.11

Hypercalcaemia occurs in as many as 30% of patients 
with multiple myeloma.10 Anaemia, bicytopenia or pan-
cytopenia may be accompanied by reversal of albumin–
globulin ratio and impaired renal function. Alkaline 
phosphatase usually remains normal as osteoclastic bone 
resorption in myeloma is not accompanied by osteoblas-
tic attempts at bone formation. A number of cytokines 
have been implicated, including tumour necrosis factor α 
(TNF-α), transforming growth factor β (TGF-β), interleu-
kin-1 and leukaemia inhibitory factor. In the past, these 
humoral agents were collectively covered under a generic 

term ‘osteoclast activating factor’. Elevated PTHrP has 
also been described in myeloma patients. 

24-hour urinary calcium and urine 
calcium/creatinine excretion ratio
Urinary calcium should be measured routinely in sus-
pected PHPT. The 2013 Fourth International Workshop 
consensus criteria lists calcium excretion of more than 
10 mmol/day (400 mg/day) as one of the criteria for con-
sidering surgery in asymptomatic PHPT. 

Familial hypocalciuric hypercalcaemia is rare in the 
general population but it is clinically important because 
the biochemical picture is indistinguishable from PHPT 
except for hypocalciuria.12 The 24-hour urinary calcium 
is typically less than 5 mmol/day (200 mg/day) in FHH. 
Calculating urinary calcium/creatinine (Ca/Cr) excretion 
ratio is preferable to simply measuring 24-hour urinary 
calcium for excluding FHH. The ratio is calculated using 
paired serum and urinary calcium and creatinine samples, 
using the following formula:
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The Ca/Cr excretion ratio is less than 0.01 in approxi-
mately 80% of patients with FHH. In PHPT, the Ca/Cr 
excretion ratio is typically greater than 0.02. 

When evaluating patients with apparent hypocalci-
uria, other factors which may cause hypocalciuria should 
also be considered and eliminated. These include vita-
min D deficiency (<30 nmol/L, <12 ng/mL), very low cal-
cium intake, treatment with thiazide drugs and lithium 
therapy. 

In FHH, there may be a family history of hypercalcae-
mia as FHH follows an autosomal dominant pattern of 
inheritance. Patients with FHH have few, if any symp-
toms. Hypercalcaemia tends to be modest. PTH itself may 
be high-normal or just modestly elevated. Serum magne-
sium levels may also be raised. Hypocalciuric hypercal-
caemia may be acquired as an autoimmune disorder and 
may be associated with antithyroid, antigliadin or anti-
endomyseal antibodies. 

Vitamin D metabolites
Except in cases of obvious humoral hypercalcaemia of 
malignancy, serum vitamin D should be performed rou-
tinely in non-PTH dependent hypercalcaemia. An elevated 
25-hydroxycholecalciferol [25(OH)D] is indicative of 
excessive ingestion of vitamin D. There is no agreement 
on the level of 25(OH)D at which hypercalcaemia typi-
cally occurs. Many experts define vitamin D intoxication 
as a value greater than 375 nmol/L (150 ng/mL).13 
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Parathyroid hormone catalyses the conversion of 

25(OH)D to 1,25 dihydroxycholecalciferol (1,25-DHCC). 
With long-standing PHPT, it is common for the substrate 
25(OH)D to become depleted. Serum calcium may drift 
lower with coexisting vitamin D deficiency with the true 
extent of hypercalcaemia being revealed only after vita-
min D deficiency has been corrected.

Measurement of 1,25-DHCC is not required rou-
tinely but should be considered if the cause of hypercal-
caemia is unclear. Extra-renal conversion of 25(OH)D 
to 1,25-DHCC occurs in granulomatous diseases and in 
lymphoma. A chest X-ray to look for malignancy or sar-
coidosis may be helpful. Most patients with sarcoidosis 
or lymphoma generally have clinically evident pulmonary 
and extrapulmonary manifestations. In the absence of 
such clinical involvement, a thorough search for occult 
pulmonary, renal, hepatic, ocular and bone marrow gran-
ulomas is indicated. 

PTH-independent hypercalcaemia associated with 
normal or low vitamin  D metabolites may result from 
unsuspected stimulation of bone resorption (as in multiple 
myeloma, thyrotoxicosis, prolonged immobility, hypervi-
taminosis A), or unrecognized high calcium intake espe-
cially in the face of milk-alkali syndrome. 

Serum phosphate
Parathyroid hormone is phosphaturic. A low phosphate 
level may occur in PHPT and in PTHrP-driven humoral 
hypercalcaemia. Vitamin  D increases reabsorption of 
phosphate from renal tubules. Hypercalcaemia which 
occurs in association with vitamin D excess or in gran-
ulomatous diseases is associated with high or high-
normal phosphate levels. Phosphate levels are variable 
in FHH.

Diagnostic imaging
Evidence of osteitis fibrosa on a bone film is very specific 
for primary hyperparathyroidism but is only seen in about 
5% of cases. Radiographs of the skeleton are no longer 
recommended in view of the rarity of radiologically detect-
able bone disease. There is no role for high-resolution neck 
ultrasound, computed tomography or technetium 99mTc 
sestamibi (MIBI) scintigraphy in routine evaluation of sus-
pected PHPT. These tests are useful only for pre-operative 
localization of confirmed disease. 

Tests of other endocrine diseases
In most situations, hypercalcaemia occurring in associa-
tion with other endocrine diseases is an ancillary finding. 
The clinical presentation is usually dominated by signs 
and symptoms of the underlying endocrine condition. 

THYROID FUNCTION TESTS

Mild hypercalcaemia occurs in 15–20% of patients with 
thyrotoxicosis.14 Hypercalcaemia persisting after control 
of thyrotoxicosis should be evaluated on its own merits, as 
there may be concomitant hyperparathyroidism.

EVALUATION OF ADRENAL FUNCTION

Hypercalcaemia is an occasional finding in adrenal insuf-
ficiency.15 Possible contributory factors are: increased bone 
resorption, ECF volume contraction, haemoconcentration 
and increased proximal tubular reabsorption of calcium. 
Cortisol administration reverses hypercalcaemia within 
days. Again, persistence of hypercalcaemia despite treatment 
should prompt evaluation. Hypercalcaemia has also been 
described in central hypoadrenalism due to hypophysitis.16

EXCLUSION OF PHAEOCHROMOCYTOMA 

PHPT occurs as part of multiple endocrine neoplasia 
(MEN 2a). Rarely, hypercalcaemia can be a feature of phaeo-
chromocytoma itself due to humoral production of PTHrP. 

Miscellaneous conditions
Other less common causes of hypercalcaemia due to 
increased bone resorption include Paget’s disease of the 
bone, especially if the patient is immobilized, administra-
tion of oestrogen or a selective-oestrogen receptor modifier 
(SERM) to patients with breast cancer who have extensive 
skeletal metastases17 and hypervitaminosis A (ingestion of 
more than 50 000 IU daily).18 Retinoic acid causes a dose-
dependent increase in bone resorption, resulting in overall 
incidence of hypercalcaemia of approximately 30%.19,  20 
Theophylline toxicity has been associated with mild hyper-
calcaemia.21 In Jansen-type metaphyseal chondrodyspla-
sia, a rare form of dwarfism, mutations in PTH or PTHrP 
receptor genes result in continuous activation of the receptor 
even with low PTH levels of PTH secretion.22 The clinical 
picture is that of asymptomatic but significant hypercalcae-
mia with low phosphate and normal or low PTH. 

• Primary hyperparathyroidism and malignancy are the two 
commonest causes of hypercalcaemia.

• Once hypercalcaemia is confirmed, the next step is to deter-
mine whether this elevation is parathyroid hormone driven 
by measuring parathyroid hormone.

• Parathyroid hormone levels will be raised or inappropriately 
normal in primary hyperparathyroidism and suppressed in 
malignancy related hypercalcaemia.

• In patients with familial hypocalciuric hypercalcaemia the urine 
calcium creatinine excretion ratio is typically less than 0.01.

KEY POINTS
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