hyperphosphatemia typically occurs only in the later stages of the disease. Low levels of 1,25(OH)2D due to increased FGF23 production in
bone are critical in the development of hypocalcemia. The uremic state
also causes impairment of intestinal absorption by mechanisms other
than defects in vitamin D metabolism. Nonetheless, treatment with
supraphysiologic amounts of vitamin D or calcitriol can correct the
impaired calcium absorption. Because increased FGF23 levels are seen
even in early stages of CKD and have been reported to correlate with
increased mortality and left ventricular hypertrophy, there is current
interest in approaches to lower intestinal phosphate absorption early
during the course of kidney disease and to thereby lower FGF23 levels.
However, there is concern as to whether vitamin D supplementation
increases the circulating FGF23 levels in CKD patients. Although vitamin D analogs improve survival in this patient population, it is notable
that there are often dramatic elevations of FGF23.
Hyperphosphatemia in CKD lowers blood calcium levels by several
mechanisms, including extraosseous deposition of calcium and phosphate, impairment of the bone-resorbing action of PTH, and reduction
in 1,25(OH)2D production by remaining renal tissue.
TREATMENT

Chronic Kidney Disease

Treatment involves adequate replacement with vitamin D and cal- 2485
cium until the deficiencies are corrected. Severe hypocalcemia rarely
occurs in moderately severe vitamin D deficiency of the elderly, but
vitamin D deficiency must be considered in the differential diagnosis
of mild hypocalcemia.
Mild hypocalcemia, secondary hyperparathyroidism, severe hypophosphatemia, and a variety of nutritional deficiencies occur with
gastrointestinal diseases. Hepatocellular dysfunction can lead to
reduction in 25(OH)D levels, as in portal or biliary cirrhosis of the
liver, and malabsorption of vitamin D and its metabolites, including
1,25(OH)2D, may occur in a variety of bowel diseases, hereditary or
acquired. Hypocalcemia itself can lead to steatorrhea, due to deficient
production of pancreatic enzymes and bile salts. Depending on the
disorder, vitamin D or its metabolites can be given parenterally, guaranteeing adequate blood levels of active metabolites.
Defective Vitamin D Metabolism • Anticonvulsant therapy Anticonvulsant therapy with any of several agents induces acquired vitamin D deficiency by increasing the conversion of vitamin D to inactive
compounds and/or causing resistance to its action. The more marginal
the vitamin D intake in the diet, the more likely that anticonvulsant
therapy will lead to abnormal mineral and bone metabolism.

Vitamin D–dependent rickets type II  Vitamin D–dependent rickets
type II results from end-organ resistance to the active metabolite
1,25(OH)2D. The clinical features resemble those of the type I disorder
and include hypocalcemia, hypophosphatemia, secondary hyperparathyroidism, and rickets but also partial or total alopecia. Plasma levels
of 1,25(OH)2D are elevated, in keeping with the refractoriness of the
end organs. This disorder is caused by mutations in the gene encoding
the vitamin D receptor; treatment is difficult and requires regular, usually nocturnal calcium infusions, which dramatically improve growth
but do not restore hair growth (Chap. 423).

Vitamin D Deficiency due to Inadequate Diet and/or Sunlight Vitamin
D deficiency due to inadequate intake of dairy products enriched
with vitamin D, lack of vitamin supplementation, and reduced sunlight exposure in the elderly, particularly during winter in northern
latitudes, is more common in the United States than previously recognized. Biopsies of bone in elderly patients with hip fracture (documenting osteomalacia) and abnormal levels of vitamin D metabolites,
PTH, calcium, and phosphate indicate that vitamin D deficiency may
occur in as many as 25% of elderly patients, particularly in northern
latitudes in the United States. Concentrations of 25(OH)D are low
or low-normal in these patients. Quantitative histomorphometric
analysis of bone biopsy specimens from such individuals reveals widened osteoid seams consistent with osteomalacia (Chap. 423). PTH
hypersecretion compensates for the tendency for the blood calcium
to fall but also increases renal phosphate excretion and thus causes
osteomalacia.

Pseudohypoparathyroidism PHP refers to a group of distinct inherited
disorders. Patients affected by PHP type Ia (PHP-Ia) are characterized
by symptoms and signs of hypocalcemia in association with distinctive skeletal and developmental defects. The hypocalcemia is due to a
deficient response to PTH, which is probably restricted to the proximal
renal tubules. Hyperplasia of the parathyroids, a response to hormoneresistant hypocalcemia, causes elevation of PTH levels. Studies, both
clinical and basic, have clarified some aspects of these disorders,
including the variable clinical spectrum, the pathophysiology, the
genetic defects, and their mode of inheritance.
A working classification of the various forms of PHP is given in
Table 424-6. The classification scheme is based on the signs of ineffective PTH action (low calcium and high phosphate), low or normal
urinary cAMP response to exogenous PTH, the presence or absence
of Albright’s hereditary osteodystrophy (AHO), and assays to measure
the concentration of the Gsα subunit of the adenylate cyclase enzyme.
Using these criteria, there are four types: PHP types Ia and Ib; pseudopseudohypoparathyroidism (PPHP), and PHP-II.
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Vitamin D–dependent rickets type I  Vitamin D–dependent rickets type
I, previously termed pseudo-vitamin D–resistant rickets, differs from
true vitamin D–resistant rickets (vitamin D–dependent rickets type
II, see below) in that it is typically less severe and the biochemical and
radiographic abnormalities can be reversed with appropriate doses
of the vitamin’s active metabolite, 1,25(OH)2D. Physiologic amounts
of calcitriol cure the disease (Chap. 423). This finding fits with the
pathophysiology of the disorder, which is autosomal recessive, and is
now known to be caused by mutations in the gene encoding 25(OH)
D-1α-hydroxylase. Both alleles are inactivated in affected patients,
and compound heterozygotes, harboring distinct mutations, are
common.
Clinical features include hypocalcemia, often with tetany or convulsions, hypophosphatemia, secondary hyperparathyroidism, and
osteomalacia, often associated with skeletal deformities and increased
alkaline phosphatase. Treatment involves physiologic replacement
doses of 1,25(OH)2D (Chap. 423).

CHAPTER 424 Disorders of the Parathyroid Gland and Calcium Homeostasis

Therapy of CKD (Chap. 335) involves appropriate management of
patients prior to dialysis and adjustment of regimens once dialysis
is initiated. Attention should be paid to restriction of phosphate in
the diet; avoidance of aluminum-containing phosphate-binding
antacids to prevent the problem of aluminum intoxication; provision of an adequate calcium intake by mouth, usually 1–2 g/d; and
supplementation with 0.25–1 μg/d calcitriol or other activated
forms of vitamin D. Each patient must be monitored closely. The
aim of therapy is to restore normal calcium balance to prevent
osteomalacia and severe secondary hyperparathyroidism (it is usually recommended to maintain PTH levels between 100 and 300 pg/
mL) and, in light of evidence of genetic changes and monoclonal
outgrowths of parathyroid glands in CKD patients, to prevent secondary hyperparathyroidism from becoming autonomous hyperparathyroidism. Reduction of hyperphosphatemia and restoration
of normal intestinal calcium absorption by calcitriol can improve
blood calcium levels and reduce the manifestations of secondary
hyperparathyroidism. Because adynamic bone disease can occur in
association with low PTH levels, it is important to avoid excessive
suppression of the parathyroid glands while recognizing the beneficial effects of controlling the secondary hyperparathyroidism. These
patients should probably be closely monitored with PTH assays that
detect only the full-length PTH(1–84) to ensure that biologically
active PTH and not inactive, inhibitory PTH fragments are measured.
Use of phosphate-binding agents such as sevelamer is approved
only in end-stage renal disease, but it may be necessary to initiate
such treatment much earlier during the course of kidney disease to
prevent the increase in FGF23 and its “off-target” effects.
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