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underlying disease states. Vitamin D deficiency leads to impaired
intestinal absorption of calcium, resulting in decreased serum total and
ionized calcium values. This hypocalcemia results in secondary hyperparathyroidism, a homeostatic response that initially maintains serum
calcium levels at the expense of the skeleton. Due to the PTH-induced
increase in bone turnover, alkaline phosphatase levels are often
increased. In addition to increasing bone resorption, PTH decreases
urinary calcium excretion while promoting phosphaturia. This results
in hypophosphatemia, which exacerbates the mineralization defect
in the skeleton. With prolonged vitamin D deficiency resulting in
osteomalacia, calcium stores in the skeleton become relatively inaccessible, since osteoclasts cannot resorb unmineralized osteoid, and
frank hypocalcemia ensues. Because PTH is a major stimulus for the
renal 25(OH)D 1α-hydroxylase, there is increased synthesis of the
active hormone, 1,25(OH)2D. Paradoxically, levels of this hormone are
often normal in severe vitamin D deficiency. Therefore, measurements
of 1,25(OH)2D are not accurate reflections of vitamin D stores and
should not be used to diagnose vitamin D deficiency in patients with
normal renal function.
Radiologic features of vitamin D deficiency in children include a
widened, expanded growth plate that is characteristic of rickets. These
findings not only are apparent in the long bones but also are present
at the costochondral junction, where the expansion of the growth
plate leads to swellings known as the “rachitic rosary.” Impairment of
intramembranous bone mineralization leads to delayed fusion of the
calvarial sutures and a decrease in the radiopacity of cortical bone in
the long bones. If vitamin D deficiency occurs after epiphyseal fusion,
the main radiologic finding is a decrease in cortical thickness and
relative radiolucency of the skeleton. A specific radiologic feature of
osteomalacia, whether associated with phosphate wasting or vitamin D
deficiency, is pseudofractures, or Looser’s zones. These are radiolucent
lines that occur where large arteries are in contact with the underlying
skeletal elements; it is thought that the arterial pulsations lead to the
radiolucencies. As a result, these pseudofractures are usually a few millimeters wide, are several centimeters long, and are seen particularly in
the scapula, the pelvis, and the femoral neck.
TREATMENT

Vitamin D Deficiency

Based on the Institute of Medicine 2010 report, the recommended
daily intake of vitamin D is 600 IU from 1 to 70 years of age, and 800
IU for those over 70. Based on the observation that 800 IU of vitamin
D, with calcium supplementation, decreases the risk of hip fractures
in elderly women, this higher dose is thought to be an appropriate
daily intake for prevention of vitamin D deficiency in adults. The
safety margin for vitamin D is large, and vitamin D toxicity usually
is observed only in patients taking doses in the range of 40,000
IU daily. Treatment of vitamin D deficiency should be directed at
the underlying disorder, if possible, and also should be tailored to
the severity of the condition. Vitamin D should always be repleted
in conjunction with calcium supplementation because most of
the consequences of vitamin D deficiency are a result of impaired
mineral ion homeostasis. In patients in whom 1α-hydroxylation is
impaired, metabolites that do not require this activation step are the
treatment of choice. They include 1,25(OH)2D3 (calcitriol [Rocaltrol],
0.25–0.5 μg/d) and 1α-hydroxyvitamin D2 (Hectorol, 2.5–5 μg/d). If
the pathway required for activation of vitamin D is intact, severe
vitamin D deficiency can be treated with pharmacologic repletion
initially (50,000 IU weekly for 3–12 weeks), followed by maintenance
therapy (800 IU daily). Pharmacologic doses may be required for
maintenance therapy in patients who are taking medications, such
as barbiturates or phenytoin, that accelerate metabolism of or
cause resistance to 1,25(OH)2D. Calcium supplementation should
include 1.5–2 g/d of elemental calcium. Normocalcemia is usually
observed within 1 week of the institution of therapy, although
increases in PTH and alkaline phosphatase levels may persist for 3–6
months. The most efficacious methods to monitor treatment and
resolution of vitamin D deficiency are serum and urinary calcium
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measurements. In patients who are vitamin D replete and are taking adequate calcium supplementation, the 24-h urinary calcium
excretion should be in the range of 100–250 mg/24 h. Lower levels
suggest problems with adherence to the treatment regimen or with
absorption of calcium or vitamin D supplements. Levels >250 mg/24
h predispose to nephrolithiasis and should lead to a reduction in
vitamin D dosage and/or calcium supplementation.
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Disorders of the Parathyroid
Gland and Calcium Homeostasis
John T. Potts, Jr., Harald Jüppner

The four parathyroid glands are located posterior to the thyroid gland.
They produce parathyroid hormone (PTH), which is the primary
regulator of calcium physiology. PTH acts directly on bone, where
it induces calcium release; on the kidney, where it enhances calcium
reabsorption in the distal tubules; and in the proximal renal tubules,
where it synthesizes 1,25-dihydroxyvitamin D (1,25[OH]2D), a hormone that increases gastrointestinal calcium absorption. Serum PTH
levels are tightly regulated by a negative feedback loop. Calcium, acting
through the calcium-sensing receptor, and vitamin D, acting through
its nuclear receptor, reduce PTH release and synthesis. Additional
evidence indicates that fibroblast growth factor 23 (FGF23), a phosphaturic hormone, can suppress PTH secretion. Understanding the
hormonal pathways that regulate calcium levels and bone metabolism
is essential for effective diagnosis and management of a wide array of
hyper- and hypocalcemic disorders.
Hyperparathyroidism, characterized by excess production of PTH, is
a common cause of hypercalcemia and is usually the result of autonomously functioning adenomas or hyperplasia. Surgery for this disorder
is highly effective and has been shown to reverse some of the deleterious effects of long-standing PTH excess on bone density. Humoral
hypercalcemia of malignancy is also common and is usually due to the
overproduction of parathyroid hormone–related peptide (PTHrP) by
cancer cells. The similarities in the biochemical characteristics of hyperparathyroidism and humoral hypercalcemia of malignancy, first noted
by Albright in 1941, are now known to reflect the actions of PTH and
PTHrP through the same G protein–coupled PTH/PTHrP receptor.
The genetic basis of multiple endocrine neoplasia (MEN) types 1
and 2, familial hypocalciuric hypercalcemia (FHH), different forms of
pseudohypoparathyroidism, Jansen’s syndrome, disorders of vitamin D
synthesis and action, and the molecular events associated with parathyroid gland neoplasia have provided new insights into the regulation of
calcium homeostasis. PTH and possibly some of its analogues are promising therapeutic agents for the treatment of postmenopausal or senile
osteoporosis, and calcimimetic agents, which activate the calciumsensing receptor, have provided new approaches for PTH suppression.

PARATHYROID HORMONE
PHYSIOLOGY
The primary function of PTH is to maintain the extracellular fluid
(ECF) calcium concentration within a narrow normal range. The
hormone acts directly on bone and kidney and indirectly on the intestine through its effects on synthesis of 1,25(OH)2D to increase serum
calcium concentrations; in turn, PTH production is closely regulated
by the concentration of serum ionized calcium. This feedback system
is the critical homeostatic mechanism for maintenance of ECF calcium.
Any tendency toward hypocalcemia, as might be induced by calcium- or vitamin D–deficient diets, is counteracted by an increased
secretion of PTH. This in turn (1) increases the rate of dissolution
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