2478 but the connection between these defects and hypercalcemia were
not described until later. Levels of 1,25(OH)2D can be elevated, ranging from 46 to 120 nmol/L (150–500 pg/mL). The mechanism of the
abnormal sensitivity to vitamin D and of the increased circulating
levels of 1,25(OH)2D is still unclear. Studies suggest that genetic mutations involving microdeletions at the elastin locus and perhaps other
genes on chromosome 7 may play a role in the pathogenesis. Another
cause of hypercalcemia in infants and young children is a 24-hydroxylase deficiency that impairs metabolism of 1,25(OH)2D.

HYPERCALCEMIA ASSOCIATED WITH HIGH BONE TURNOVER
Hyperthyroidism As many as 20% of hyperthyroid patients have highnormal or mildly elevated serum calcium concentrations; hypercalciuria is even more common. The hypercalcemia is due to increased
bone turnover, with bone resorption exceeding bone formation. Severe
calcium elevations are not typical, and the presence of such suggests a
concomitant disease such as hyperparathyroidism. Usually, the diagnosis is obvious, but signs of hyperthyroidism may occasionally be
occult, particularly in the elderly (Chap. 405). Hypercalcemia is managed by treatment of the hyperthyroidism. Reports that thyroid-stimulating hormone (TSH) itself normally has a bone-protective effect
suggest that suppressed TSH levels also play a role in hypercalcemia.

PART 16

Immobilization Immobilization is a rare cause of hypercalcemia in
adults in the absence of an associated disease but may cause hypercalcemia in children and adolescents, particularly after spinal cord injury
and paraplegia or quadriplegia. With resumption of ambulation, the
hypercalcemia in children usually returns to normal.
The mechanism appears to involve a disproportion between bone
formation and bone resorption; the former decreased and the latter
increased. Hypercalciuria and increased mobilization of skeletal calcium can develop in normal volunteers subjected to extensive bed rest,
although hypercalcemia is unusual. Immobilization of an adult with a
disease associated with high bone turnover, however, such as Paget’s
disease, may cause hypercalcemia.

Endocrinology and Metabolism

Thiazides Administration of benzothiadiazines (thiazides) can cause
hypercalcemia in patients with high rates of bone turnover. Traditionally,
thiazides are associated with aggravation of hypercalcemia in primary
hyperparathyroidism, but this effect can be seen in other high-boneturnover states as well. The mechanism of thiazide action is complex.
Chronic thiazide administration leads to reduction in urinary calcium;
the hypocalciuric effect appears to reflect the enhancement of proximal
tubular resorption of sodium and calcium in response to sodium depletion. Some of this renal effect is due to augmentation of PTH action and
is more pronounced in individuals with intact PTH secretion. However,
thiazides cause hypocalciuria in hypoparathyroid patients on high-dose
vitamin D and oral calcium replacement if sodium intake is restricted.
This finding is the rationale for the use of thiazides as an adjunct to
therapy in hypoparathyroid patients, as discussed below. Thiazide
administration to normal individuals causes a transient increase in
blood calcium (usually within the high-normal range) that reverts to
preexisting levels after a week or more of continued administration.
If hormonal function and calcium and bone metabolism are normal,
homeostatic controls are reset to counteract the calcium-elevating effect
of the thiazides. In the presence of hyperparathyroidism or increased
bone turnover from another cause, homeostatic mechanisms are ineffective. The abnormal effects of the thiazide on calcium metabolism
disappear within days of cessation of the drug.
Vitamin A Intoxication Vitamin A intoxication is a rare cause of
hypercalcemia and is most commonly a side effect of dietary faddism
(Chap. 96e). Calcium levels can be elevated into the 3–3.5-mmol/L
(12–14 mg/dL) range after the ingestion of 50,000–100,000 units
of vitamin A daily (10–20 times the minimum daily requirement).
Typical features of severe hypercalcemia include fatigue, anorexia,
and, in some, severe muscle and bone pain. Excess vitamin A intake is
presumed to increase bone resorption.
The diagnosis can be established by history and by measurement of
vitamin A levels in serum. Occasionally, skeletal x-rays reveal periosteal
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calcifications, particularly in the hands. Withdrawal of the vitamin is
usually associated with prompt disappearance of the hypercalcemia
and reversal of the skeletal changes. As in vitamin D intoxication,
administration of 100 mg/d of hydrocortisone or its equivalent leads
to a rapid return of the serum calcium to normal.
HYPERCALCEMIA ASSOCIATED WITH RENAL FAILURE
Severe Secondary Hyperparathyroidism The pathogenesis of secondary hyperparathyroidism in chronic kidney disease is incompletely
understood. Resistance to the normal level of PTH is a major factor
contributing to the development of hypocalcemia, which, in turn, is a
stimulus to parathyroid gland enlargement. However, recent findings
have indicated that an increase of FGF23 production by osteocytes
(and possibly osteoblasts) in bone occurs well before an elevation
in PTH is detected. FGF23 is a potent inhibitor of the renal 1-alpha
hydroxylase, and the FGF23-dependent reduction in 1,25(OH)2 vitamin D seems to be an important stimulus for the development of
secondary hyperparathyroidism.
Secondary hyperparathyroidism occurs not only in patients with
renal failure but also in those with osteomalacia due to multiple causes
(Chap. 423), including deficiency of vitamin D action and pseudohypoparathyroidism (deficient response to PTH downstream of PTHR1).
For both disorders, hypocalcemia seems to be the common denominator in initiating the development of secondary hyperparathyroidism.
Primary (1°) and secondary (2°) hyperparathyroidism can be distinguished conceptually by the autonomous growth of the parathyroid
glands in primary hyperparathyroidism (presumably irreversible) and
the adaptive response of the parathyroids in secondary hyperparathyroidism (typically reversible). In fact, reversal over weeks from an
abnormal pattern of secretion, presumably accompanied by involution
of parathyroid gland mass to normal, occurs in patients with osteomalacia who have been treated effectively with calcium and vitamin D.
However, it is now recognized that a true clonal outgrowth (irreversible) can arise in long-standing, inadequately treated chronic kidney
disease (e.g., tertiary [3°] hyperparathyroidism; see below).
Patients with secondary hyperparathyroidism may develop bone
pain, ectopic calcification, and pruritus. The bone disease seen in
patients with secondary hyperparathyroidism and chronic kidney
disease is termed renal osteodystrophy and affects primarily bone turnover. However, osteomalacia is frequently encountered as well and
may be related to the circulating levels of FGF23.
Two other skeletal disorders have been frequently associated in
the past with chronic kidney disease (CKD) patients treated by longterm dialysis, who received aluminum-containing phosphate binders.
Aluminum deposition in bone (see below) leads to an osteomalacialike picture. The other entity is a low-turnover bone disease termed
“aplastic” or “adynamic” bone disease; PTH levels are lower than
typically observed in CKD patients with secondary hyperparathyroidism. It is believed that the condition is caused, at least in part, by
excessive PTH suppression, which may be even greater than previously
appreciated in light of evidence that some of the immunoreactive
PTH detected by most commercially available PTH assays is not the
full-length biologically active molecule (as discussed above) but may
consist of amino-terminally truncated fragments that do not activate
the PTH1R.

TREATMENT

Secondary Hyperparathyroidism

Medical therapy to reverse secondary hyperparathyroidism in CKD
includes reduction of excessive blood phosphate by restriction
of dietary phosphate, the use of nonabsorbable phosphate binders, and careful, selective addition of calcitriol (0.25–2 μg/d) or
related analogues. Calcium carbonate became preferred over aluminum-containing antacids to prevent aluminum-induced bone
disease. However, synthetic gels that also bind phosphate (such as
sevelamer; Chap. 335) are now widely used, with the advantage
of avoiding not only aluminum retention, but also excess calcium
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