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" Calcium Metabolism " 

Calcium, phosphorus, and magnesium are important constituents of 

bone and their metabolism is interrelated. The adult body contains 1-1.5 kg 

calcium, over 98% of this being found in the skeleton, where it has an 

important structural function. 

In bones, calcium occurs mainly as hydroxyapatite crystals composed 

of calcium and phosphate with small amounts of hydroxide and carbonate. 

Only a minor proportion of skeletal calcium(0.1%) is rapidly exchangeable 

with plasma, although remodeling of bone results in the turnover of nearly 

20% of skeletal calcium each year. Approximately 1% of body calcium is 

present in the extracellular fluid, where functions include the regulation of 

neuromuscular excitability, and acting as a cofactor for clotting enzymes. 

Regulation of calcium metabolism: 

         Calcium in the gastrointestinal tract(GIT) originates from the diet and 

also from the secretions. Approximately half is absorbed, mainly in the upper 

small intestine, by active transport. Up to 250 mmol calcium is filtered daily by 

the kidney, the majority being reabsorbed in the proximal tubule and loop of 

henle, urinary excretion is normally 2.5-7.5 mmol/L, depending on intake. 

Small amounts are lost in sweat, these being insignificant unless profuse 

sweating occurs for a prolonged period. 

Parathyroid hormone(PTH), is a key regulatory hormone of calcium 

metabolism whose secretion is stimulated by low plasma calcium 

concentration and by low plasma magnesium concentration. The secretion of 

PTH is inhibited by increased calcium levels. 

The main effect of PTH is to raise plasma calcium concentrations 

through actions on bone, the kidney and indirectly the gastrointestinal tract. In 

the bones, PTH stimulates osteoclast activity, while in the kidney it increases 

the reabsorption of calcium, also PTH stimulates the formation of calcitriol, 

which then acts on the gut to increase calcium and phosphate absorption. 
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Calcitonin lowers plasma calcium concentrations by inhibiting bone 

resorption and renal tubular calcium reabsorption. 

Plasma calcium: 

         Three forms of calcium occur in the circulation, almost 50% as free ions 

(Ca
2+

),40% bound to plasma proteins, particularly albumin, and the remainder 

complexed to other ions (phosphate, citrate and bicarbonate). 

Protein-bound calcium increases if plasma protein concentrations, 

particularly albumin, are high. 

Ionized calcium levels are affected by blood pH, particularly if changes 

in hydrogen ion concentrations are acute. Hydrogen ions compete with 

calcium for binding sites on albumin. 

Hypercalcaemia: 

Hypercalcaemia is relatively common, occurring in up to 3% of hospital 

patients, although it is found in less than 0.5% of a healthy ambulatory 

population. 

Plasma total calcium levels above 3.0 mmol/l are usually associated 

with symptoms, these including fatigue, depression, anorexia, vomiting and 

constipation. Defects of renal tubular function, particularly polyuria, occur and 

Electrocardiograph (ECG) abnormalities are also seen. If hypercalcaemia is 

chronic, soft tissue calcification and renal tract stones develop. 

The commonest cause of hypercalcaemia is primery hyperparathy- 

roidism, the second most frequent being malignant disease; together, these 

are responsible for over 90% of cases of hypercalcaemiain adults. Other 

causes of hypercalcaemia are excess vitamin D, and high bone turnover. 

Hypocalcaemia: 

Hypocalcaemia may be accompanied by increased neuromuscular 

excitability with tetany, muscle cramps occurring. Prolonged hypocalcaemia is 
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also associated with cataracts, mental retardation, and increased intracranial 

pressure.  

The main causes of hypocalcaemia are hypoalbuminaemia, reduced 

parathyroid hormone action, and defect in active vitamin D. 

Metabolic bone disease: 

In healthy adult remodeling of bone is a continuous process, the 

constituent parts of which, resorption and new bone formation, are in balance. 

New bone formation involves the production of bone matrix (osteoid) by 

osteoblasts, followed by mineralization. Osteoclasts are responsible for bone 

resorption. Imbalances in these processes lead to metabolic bone diseases, 

osteoporosis, osteomalacia and rickets. 

Osteoporosis is the most common metabolic bone disease, characteri- 

zed by a reduction of bone mass which is not accompanied by changes in the 

ratio of mineral to osteoid. Biochemical tests are generally unhelpful in 

osteoporosis, calcium, phosphate and alkaline phosphatase usually being 

normal. 

Osteomalacia and rickets are characterized by defective mineralization 

of the organic matrix of bone, most often resulting from vitamin D deficiency.  


