


A 29 years-old woman presented with asymptomatic hypercalcemia. Serum calcium 

was 11.6 mg/dL and phosphorus reported to be  2.8 mg/dL.

1. What points should be considered in her medical and family history? 

2. What is the next step in the evaluation of this patient? 

Her mother and a sister also have hypercalcemia and have failed neck explorations 

for parathyroid tumor 

3. Has +ve family history of hypercalcemia any implication in the etiologic diagnosis 

of hypercalcemia? 

Her serum intact PTH level was reported to be 64 pg/mL (N: 10 – 65)  and creatinine 

was 0.8 mg/dL

4. What is the most probable diagnosis? 

5. What are the differential diagnoses of hypercalcemia?

6. What is the next step in the evaluation of hypercalcemia in this patient?

24 h. urinary calcium reported  to be 21 mg and creatinine 1.2 g 

7. What is the calcium to creatinine clearance ratio and its role in the diagnosis of 

hypercalcemia? 







Classification of Causes of Hypercalcemia (1)

Parathyroid-related:

1. Primary hyperparathyroidism 

a. Solitary adenomas

b. Multiple endocrine neoplasia

2. Lithium therapy

3. Familial hypocalciuric hypercalcemia

Malignancy-related

1. Solid tumor with metastases (breast)

2. Solid tumor with humoral mediation of hypercalcemia (lung, 

kidney)

3. Hematologic malignancies (multiple myeloma, lymphoma, 

leukemia)



Classification of Causes of Hypercalcemia (2)

Vitamin D-related

1. Vitamin D intoxication

2. ↑ 1,25(OH)2D; sarcoidosis and other granulomatous diseases

3. Idiopathic hypercalcemia of infancy

Associated with high bone turnover:

1. Hyperthyroidism

2. Immobilization

3. Thiazides

4. Vitamin A intoxication

Associated with renal failure:

1. Severe secondary hyperparathyroidism

2. Aluminum intoxication

3. Milk-alkali syndrome



Differential Diagnosis of Hypercalcemia (1)

COMMENTCAUSES
Most common cause in ambulatory     

patients

Primary hyperparathyroidism

Most common cause in hospitalized 

patients 

Malignancy, with or without bone 

metastasis

Hypercalcemia usually mild; accentuates 

hypercalcemia of primary HPT

Thiazide / chlorthalidone therapy 

Measure 25-(OH)D2; long persistence 

because of storage in fat

Vitamin D intoxication 

Vitamin D hypersensitivity; steroid 

responsive

Sarcoidosis 

Suspect in families of patient with 

unsuccessful parathyroidectomy

Familial benign (hypocalciuric) 

hypercalcemia

Less common with current decreased use 

of absorbable antacids

Milk – alkali syndrome



Differential Diagnosis of Hypercalcemia(2)

COMMENTCAUSES

Increased bone resorption; seen 

particlarly in patients with high bone 

turnover rate (for example, Paget  ُ s 

disease) or immobilized 

Immobilization 

Mild hypercalcemia may be seen with 

24-hour fasting if water is restricted 

Dehydration

Cause unknown; more common in 

hyperthyroidism but occurs with 

hypothyroidism 

Thyroid disease

Change in parathyroid feedback 

threshold or stimulation of parathyroid 

cells

Lithium therapy



Etiologies of Hypercalcemia (1) 

Hyperparathyroidism

Primary (common)

Multiple endocrine neoplasia 

Parathyroid carcinoma 

Secondary (Hypercalcemic)

Familial hypocalciuric hypercalcemia 

Malignant tumors (common)

With skeletal involvement

Without detectable skeletal involvement (humoral 

hypercalcemia of malignancy)



Etiologies of Hypercalcemia (2)

Drugs 

Vitamin D / Vitamin A

Calcium (massive doses)

Thiazide diuretics

Lithium

Granulomatous diseases

Sarcoidosis, Tuberculosis and others 

Endocrinopathies 

Thyrotoxicosis 

Pheochromocytoma

Addison's disease

Others

Miscellaneous 

Immobilization

Acute renal failure (recovery phase)

Infantile (e, g., William’s syndrome)



Biochemical and Radiologic Findings in Hypercalcemia   

Bone Survey iPTH

Urinary 

Cyclic 

AMP

Alkaline 

Phosphatase1.25(OH)2D25(OH)DuCasPO4sCaDiagnosis 

Osteitis 

fibrosa cystica↑ ↑↑ ↑↑↑n
n/↑

↓↑
Primary 

hyperparathyroidism

Lytic lesions ↓↓↑ ↑↓n↑ ↑↑↑
Osteolytic 

malignancy 

n↓↑ ↑n↓n↑ ↑↓↑
Humoral 

hypercalcemia of 

malignancy 

Punched-out 

lesions or 

cortical 

thinning 

↓↓↑↑ ↑n↑ ↑↑↑Sarcoidosis 

n↓↓nn↑ ↑↑ ↑↑↑
Vitamin D 

intoxication 

n↑↑nnn↓↓↑
Familial 

hypocalciuric 

hypercalcemia



The bottom line

• Primary hyperparathyroidism and malignancy are the two most common

causes of increased serum calcium levels

• The diagnosis of hypercalcaemia is made when the corrected serum calcium

concentration is 2 standard deviations above the mean of values found in

people with normal calcium levels, in at least two samples at least one week

apart over a period of three months

• The presence of high or not adequately suppressed serum parathyroid

hormone levels should point the diagnosis towards hypercalcaemia of

parathyroid origins

• Mild hypercalcaemia is usually caused by primary hyperparathyroidism, the

treatment for which is typically surgery; those aged 50 or more with serum

calcium levels <0.25 mmol/L above the upper limit of normal and without end

organ damage may be followed up conservatively. Treatment with a

calcimimetic agent, cinacalcet, is an option in selected cases

• Severe hypercalcaemia requires admission to hospital and treatment with

aggressive intravenous hydration and bisphosphonates along with treatment of

the underlying disease





MgPCa

27 g700 g1300 gTotal body content 

57%85%99%Percentage in the skeleton 

40%14%0.6%Percentage in the soft tissue

Distribution of Ca, P and Mg in the skeleton 

and soft tissues in the average 70 kg adult 

man



Phosphate 

(mM)

Magnesium 

(mEq)

Calcium 

(mEq)

0.15 (13%)0.55 (31%)2.30 (45%)Protein – bound 

0.40 (35%)0.15 (9%)0.50 (10%)

Filterable or free

complexed

0.60 (5%)1.05 (60%)2.15 (44%)Ionized  

States of calcium, magnesium, and 

phosphate in human plasma



Normal distribution and movements of calcium in the 

body. (ICF, intracellular fluid; ECF, extracellular fluid.)



Normal distribution and movements of calcium in the 

body. (ICF, intracellular fluid; ECF, extracellular fluid.)
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REGULATION OF SERUM CALCIUM LEVELS 

Comparative effects of calcium-regulating agents

BonesKidneysGl tract

↑ Calcium and 

Phosphate 

reabsorption

↑ Calcium 

reabsorption 

↓ Phosphate 

reabsorption

↑ Calcium 

absorption 

(indirect 

action, via 

vitamin D)

Parathormone 

↑ Calcium 

reabsorption
↑ Calcium 

reabsorption

↑ Calcium 

absorption 

(direct action)

Vitamin D

↓ Calcium 

reabsorption

↓ Calcium 

reabsorption 

↑ Phosphate 

reabsorption

Calcitonin 



Actions of parathyroid hormone (PTH) on the kidney 

and bone.

© 2005 Elsevier 



PTHSerum Ca 1.25 (OH)2 D

Bone 

Resorption 

Intestinal 

Absorption

Ca + P

Renal

Tubular       

Reabsorption P

Serum P

Renal

Tubular Ca

Reabsorption 

Response of the integrated homeostatic 
system for Ca to hypocalcemic challenge.



Reduced exposure

SUNLIGHT SKIN×

Pigmentation

×VITAMIN D FOOD

×

Nutritional 
Deficiency 

G. I. Surgery 

Malabsorption 

25(OH)D

1,25(OH)2 D

×

VITAMIN D

× Anticonvulsants
Liver Disease

25(OH)D

Renal glomerular failure

Vitamin D – dependent rickets 
1 hydroxylase defect

Nephrectomy

Tubular Acidosis

hypoparathyroidism
Receptor Defects×

TARGET ORGANS
Potential clinical disturbances in intake, 

metabolism, and action of vitamin D.



Activation of vitamin D. (25 (OH) vitamin D3, 25-hydroxyvitamin D3; 

1,25 (OH)2 vitamin D3, 1,25-dihydroxyvitamin D3.)



Pathogenesis of hypercalcemic disorders (1)

1. Excessive parathyroid hormone

a. primary hyperparathyroidism

b. secondary hyperparathyroidism (hypercalcemic)

c. lithium therapy

d. familial hypocalciuric hypercalcemia

2. Excess vitamin D

a. hypervitaminosis D

b. Sarcoidosis (increased formation of 1,25(OH)2D3)

c. Idiopathic hypercalcemia of childhood (increased

sensitivity to vitamin D?)



Pathogenesis of hypercalcemic disorders (2)

3. Malignancy associated hypercalcemia (homoral 

hypercalcemia of malignancy) 
a. Nonparathyroid tumor producing PTH-like 

peptide (lung, kidney, other), or nonPTH calcium 
mobilizing substance (prostaglandin E2; OAF)

4. Disruption of normal bone-extracellular fluid 
equilibrium

a. Metastatic tumor
b. Multiple myeloma (OAF)
c. Lymphoma, occasionally acute leukemia in

blastic phase
d. hyperthyroidism
e. Immobilization in young individuals or those with

underlying disease (Paget's, etc.)



Pathogenesis of hypercalcemic disorders (3)

5. Other

a. Adrenal insufficiency

b. Thiazide administration (usually in

hyperparathyroid patients).

c. Milk-alkali syndrome

d. Hypervitaminosis A



Frequency of diagnosis of hypercalcemia in hospitalized 

patients

No, of 

cases
Diagnosis 

89Malignant disease

51Primary hyperparathyroidism

1Overdosage of vitamin D

2Thyrotoxicosis

6Associated with artificial-kidney unit 

1Lithium-induced hypercalcemia 

1Thyrotoxicosis plus primary hyperparathyroidism 

1Sarcoidosis plus primary hyperparathyroidism 

1Steroid-responsive hypercalcemia

13Unavailable for investigation

166Total 



SERUM CALCIUM ELEVATED 

(Confirm with 3 additional measurements.)

SERUM PTH

High or inappropriately high for serum calcium 

PRIMARY 

HYPERPARATHYROIDISM

Creatinine clearance

24-hour urine calcium

Intravenous urograms and nephrotomograms

Hand x-rays (fine-grain film)

Lateral spine x-rays 

Vertebral density measurement

Imaging studies for localization   




