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Abstract
A disruption in any part of the vitamin D physiological pathway can result in vitamin D
deficiency, which may lead to bone pain, muscle weakness, falls, low bone mass, and fractures.
Recognizing the signs and symptoms helps physicians make a proper diagnosis and prescribe
appropriate treatment. Physicians should suspect osteomalacia in patients who have prolonged
vitamin D deficiency, a low serum calcium level, or a low serum phosphorus level. Patients with
cystic fibrosis are at increased risk for deficiencies in fat-soluble vitamins, including vitamin D.
Secondary hyperparathyroidism can develop in patients with chronic kidney disease as a result of
low 25-hydroxyvitamin D levels or impaired conversion to 1,25-dihydroxyvitamin D. Patients
may experience abnormal vitamin D metabolism as a result of taking anticonvulsants and other
medications.

Persons obtain vitamin D through ultraviolet light-induced skin synthesis and ingestion of
vitamin D–rich foods.1 The liver subsequently hydroxylates vitamin D to the storage form,
25-hydroxyvitamin D (25[OH]D), which undergoes another hydroxylation step in the kidney
to become the bioactive form, 1,25-dihydroxyvitamin D (1,25[OH]2D). Regulated by
parathyroid hormone (PTH), 1,25(OH)2D increases intestinal calcium absorption and is
thought to affect bone metabolism and muscle function. A disruption in any part of the
physiological pathway may result in hypovitaminosis D, or vitamin D deficiency.

Vitamin D status influences musculoskeletal health.1 Low vitamin D levels may lead to
clinical manifestations, including bone pain, muscle weakness, falls, low bone mass, and
fractures, with subsequent diagnoses of osteomalacia, osteoporosis, and myopathy.

Physicians, especially rheumatologists, often encounter patients who have signs and
symptoms of vitamin D deficiency, and recognizing them helps in making a proper
diagnosis and prescribing appropriate treatment. In this article, we describe 5 patients with
hypovitaminosis D who demonstrate various signs and symptoms to highlight diagnosis and
treatment challenges.

BACKGROUND
The National Center for Health Statistics conducts annual surveys to evaluate the health and
nutritional status of the American civilian population. In the National Health and Nutrition
Examination Survey conducted from 2001 through 2004, about 76% of 11,009 Americans
20 years or older had vitamin D insufficiency, defined as a serum 25(OH)D level lower than
30 ng/mL.2 Vitamin D deficiency, defined as a 25(OH)D level lower than 15 ng/mL, was
present in 10% of adult men and 17% of adult women.2 Risk factors for hypovitaminosis D
include decreased sun exposure, increased age, increased skin pigment, malabsorption, and
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conditions that contribute to abnormal vitamin D metabolism (eg, chronic kidney disease
and anticonvulsant therapy).1

THE CASES
Case 1: Spontaneous fracture

A 41-year-old white woman reported that she had been walking across a room when she
noted a “snap” and sudden pain in her right groin. She also reported having had left upper
arm pain for 2 weeks. Her past medical history included anorexia nervosa, amenorrhea since
her teenage years, polysubstance abuse, and a seizure disorder that was managed with
phenytoin.

The woman weighed 75 lb and her height was 65.8 inches, with a body mass index (BMI) of
12.2. On examination, we observed painful but full right hip range of motion and elicited
pain with palpation of her upper left humerus. There was normal shoulder range of motion.

X-ray films of the patient's humerus and hip (Figure) revealed Looser zones (radiolucent
areas occurring at right angles to the bone cortex that represent incomplete fractures
resulting from osteomalacia). Laboratory testing revealed low serum albumin (3.2 g/dL),
normal serum calcium (9 mg/dL), normal serum phosphorus (3.0 mg/dL), high PTH (82 pg/
mL), low serum 25(OH)D (6 ng/mL), high alkaline phosphatase (ALP) (180 U/L), and low
24-hour urine calcium (80 mg) levels. Normal ranges are provided in Table 1. A bone
mineral density (BMD) study performed 7 months earlier revealed a lumbar spine T-score of
3.4 and a left total hip T-score of 3.5.

The patient's medical history, laboratory values, and x-ray film results indicated
osteomalacia, a disease of low BMD typically caused by vitamin D deficiency.3 In this
patient, the deficiency resulted from malnutrition and long-term anticonvulsant therapy.

Comment
The many signs and symptoms of osteomalacia include muscle pain or weakness, sometimes
leading to a waddling gait, and joint pain or bone pain, most often affecting the shoulders,
pelvis, ribs, and spine.3 After several years of osteomalacia, there may be bone deformities,
including kyphosis, scoliosis, protrusio acetabuli, and leg bowing. In addition, osteomalacia
may result in subchondral microfractures, also called Looser zones.

Patients who have osteomalacia may present with abnormal laboratory findings. In 2 series,
between 25% and 95% of patients had high serum ALP, 29% had low serum 25(OH)D, 50%
had low serum calcium or phosphorus, 50% had high PTH, and 20% had low urine calcium
levels.3,4 All 17 patients with a diagnosis of osteomalacia, made at the Mayo Clinic, had 2 or
more of the following characteristics: low serum calcium, low serum phosphorus, or high
serum ALP level or a radiographic finding (eg, Looser zones).3

Physicians should suspect osteomalacia in patients who have prolonged vitamin D
deficiency, a low serum calcium level, or a low serum phosphorus level, any of which may
lead to unmineralized osteoid.5 Prolonged vitamin D deficiency may result from limited sun
exposure related to the patient's latitude of residence; increased skin pigmentation; or
lifestyle choices, including the use of sun protection products.1 Deficiency also may result
from conditions that cause malabsorption or malnutrition, including inflammatory bowel
disease, celiac sprue, and GI surgery. In addition, abnormal vitamin D metabolism may
result from renal disease, end-stage liver disease, or the use of anticonvulsants or
tuberculosis medications.1,6
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In patients with osteomalacia caused by vitamin D deficiency, we recommend that
physicians monitor the success of therapy by noting clinical improvements and documenting
normalization of initially abnormal laboratory values and increases in BMD. After
management of vitamin D deficiency osteomalacia, one group reported dramatic short-term
increases in BMD.6 Researchers investigated 26 patients with osteomalacia, including 23
who had vitamin D deficiency.5 Patients were treated with vitamin D3, 60,000 IU weekly;
calcium (1 to 2 g/d); and casual sun exposure. Adjustments in therapy were made to
normalize the symptoms and signs of disease. Over a follow-up period of 1.5 to 36 months,
lumbar spine BMD increased between 25% and 51%.5 The investigators also observed
similar dramatic increments in hip BMD that resulted from mineralization of unmineralized
osteoid.3

Case 2: Cystic fibrosis
A 45-year-old white man with cystic fibrosis underwent a bone density study as part of his
evaluation for eligibility to undergo lung transplantation; his femoral neck Z-score was 4.
Thoracic x-ray films showed 4 compression fractures. Laboratory studies revealed a low
serum 25(OH)D level (lower than 6 ng/mL), with normal serum calcium, phosphorus, intact
PTH, ALP, and creatinine levels.

To manage the patient's vitamin D deficiency, we prescribed vitamin D2, 50,000 IU/d, for 14
days, then twice monthly. Two months later, his serum 25(OH)D level was 7 ng/mL. We
then prescribed 50,000 IU of vitamin D2 daily for 30 days, followed by 50,000 IU once
weekly. Two months later, the patient's serum 25(OH)D level remained low at 12 ng/mL.

We increased the patient's vitamin D dosage to 100,000 IU/d for 30 days, then 50,000 IU/d.
Two months later, his serum 25(OH)D level had increased to 25 ng/mL.

After that, we advised the patient to increase his sun exposure and continue to take 100,000
IU/d of vitamin D2. Two months later, his 25(OH)D level was 31 ng/mL. Over the
subsequent 3 years, 100,000 IU/d of vitamin D2 and casual sun exposure have maintained
his serum 25(OH)D level just above 30 ng/mL.

Comment
Patients who have cystic fibrosis are at increased risk for deficiencies in fat-soluble
vitamins, including vitamin D, because of pancreatic insufficiency.7 In one study, they
absorbed significantly less vitamin D than did healthy controls, leading to a 76% and 23%
prevalence of vitamin D insufficiency and deficiency, respectively.8

Because of the high prevalence, the Cystic Fibrosis Foundation advises physicians to check
serum 25(OH)D levels in patients with cystic fibrosis at least yearly and prescribe at least
400 to 800 IU/d of vitamin D in addition to sun exposure.7 Higher vitamin D dosages may
be necessary for some persons,7–9 as demonstrated by this patient. UV therapy can increase
25(OH)D levels in patients with cystic fibrosis via increased skin synthesis of vitamin D
precursors. Researchers compared the ability of vitamin D2, vitamin D3, and UV therapy to
increase serum 25(OH)D levels among 30 patients with cystic fibrosis.10 Serum 25(OH)D
levels increased significantly in those receiving vitamin D2 or D3 therapy but not in those
randomized to UV therapy. However, only 55% of the UV group adhered to therapy. Those
adherent to UV therapy experienced increases in 25(OH)D levels similar to those receiving
vitamin D2.
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Case 3: Muscle weakness
A 41-year-old white woman presented to the clinic in winter reporting muscle weakness and
falls. Her initial serum 25(OH)D level was 7 ng/mL in November. We instructed her to take
vitamin D2, 50,000 IU/d, for 30 days. In January, her serum 25(OH)D level remained low at
10 ng/mL, prompting our prescription of vitamin D2, 100,000 IU/d, for 30 days. However,
her 25(OH)D level remained low, at 9 ng/mL, in May. Although the patient stopped her
vitamin D therapy, her 25(OH)D level was higher in July (19 ng/mL), corresponding with
routine outdoor sun exposure. The following January, her 25(OH)D level again decreased to
6 ng/mL and the patient continued to experience muscle weakness and falls.

A 24-hour stool specimen revealed fat malabsorption. The patient subsequently received a
diagnosis of chronic pancreatitis. However, the patient had a pork allergy that made
pancreatic enzyme replacement therapy ineffective. In addition, intramuscular vitamin D
therapy was no longer commercially available in the United States. Therefore, to elevate her
low 25(OH)D level, we prescribed dermatology-directed broadband UV-B therapy twice
weekly; the patient's 25(OH)D level increased to higher than 30 ng/mL. Although the long-
term safety of UV-B therapy for achieving vitamin D repletion is currently uncertain,11

administration of UV-B by dermatologists permits surveillance for skin cancer in patients
requiring this therapy.

Comment
Hypovitaminosis D is a known cause of sarcopenia, muscle weakness, and falls.1 Muscle
biopsies in patients with these symptoms demonstrate type II fiber atrophy correlating with
objective decreases in muscle strength and increased body sway.12–14 Taking vitamin D
(800 IU/d) with calcium increases muscle strength and decreases body sway and fall
frequency.13 Vitamin D metabolites bind to myocyte receptors and increase the numbers of
myocytes and type II muscle fibers.13,14

Most studies document increased physical function after therapy with vitamin D and
calcium, but studies of vitamin D used without calcium show no functional benefits.11 The
apparent requisite administration of calcium with vitamin D suggests that ionized serum
calcium or reversal of secondary hyperparathyroidism mediates the beneficial effects of
vitamin D on skeletal muscle. More research is needed to clarify the appropriate vitamin D
dosage and 25(OH)D level needed to achieve optimal muscle strength and function in older
adults.

Case 4: Abnormal metabolism in chronic kidney disease (CKD)
A 92-year-old white man reported that he had turned over in bed and experienced severe
back pain resulting from 2 compression fractures. Laboratory studies revealed a low
25(OH)D level (22 ng/mL), a high PTH level (98 pg/mL), and normal serum creatinine and
calcium levels (1.2 mg/dL and 9.8 mg/dL, respectively). For osteoporosis and secondary
hyperparathyroidism, we prescribed an oral bisphosphonate and vitamin D2, 50,000 IU/d,
for 14 days, then once monthly thereafter.

One month later, the patient's 25(OH)D level was 45 ng/mL, with a serum calcium level of
9.6 mg/dL. Three months later, his serum 25(OH)D level was 32 ng/mL and his serum
calcium level was 9.5 mg/dL, but his PTH level was higher at 102 pg/mL. Although he had
a “normal” creatinine level of 1.2 mg/dL, his estimated glomerular filtration rate was 40 mL/
min, indicating stage 3 CKD. With subsequent calcitriol therapy, the patient's PTH level
normalized.
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Comment
Secondary hyperparathyroidism can develop in patients with CKD as a result of low
25(OH)D levels or inadequate conversion of 25(OH)D to 1,25(OH)2D.15 Secondary
hyperparathyroidism occurs in about 38% of patients with stage 3 and 68% of patients with
stages 4 and 5 CKD.15,16 As renal function declines, patients experience reduced 1--
hydroxylase enzyme activity, which limits or prevents conversion of 25(OH)D to
1,25(OH)2D.1 Subsequently, secondary hyperparathyroidism may develop in spite of
adequate 25(OH)D stores.

According to the Kidney Disease Outcomes Quality Initiative, frequency of measurement
and target serum PTH, calcium, and phosphorus levels vary with the stage of CKD (Table
2).17 For CKD stages 3 and 4, if the PTH level is high and the 25(OH)D level is lower than
30 ng/mL, experts recommend vitamin D2 to correct hypovitaminosis D. If the PTH level
remains high in spite of vitamin D repletion (25[OH]D level higher than 30 ng/mL), the use
of oral active vitamin D (eg, calcitriol) is advised to correct secondary hyperparathyroidism
and minimize bone loss. 1

Case 5: Abnormal metabolism resulting from anticonvulsant use
We evaluated a 45-year-old white man in the osteoporosis clinic who was taking phenytoin
for several years to treat intractable seizures. The patient reported bilateral hip fractures and
5 compression fractures. A bone density study revealed low BMD. His serum 25(OH)D
level was low (12 ng/mL), and he had a mildly elevated serum ALP level with normal serum
phosphorus and PTH levels and renal function.

Comment
Patients may experience abnormal vitamin D metabolism as a result of taking
anticonvulsants and other medications. The anticonvulsants phenytoin and carbamazepine
and tuberculosis medications isoniazid and rifampin induce hepatic cytochrome P-450
enzyme activity, increasing the breakdown of 25(OH)D to inactive metabolites.6,18

Physicians may help patients overcome increased 25(OH)D metabolism by giving them
additional vitamin D, but dosages of 400 to 4000 IU/d might be necessary.19,20 In a small
prospective study, about 80% of patients needed vitamin D dosages of 2400 IU/d or higher
to overcome hypovitaminosis D resulting from anticonvulsant therapy.20

To our knowledge, there are no official guidelines on how often to monitor 25(OH)D levels
in patients receiving anticonvulsants known to alter vitamin D metabolism. In our opinion,
such patients should undergo serum 25(OH)D measurement once yearly, preferably during
wintertime, when 25(OH)D levels reach a nadir.

TREATMENT
Patients with hypovitaminosis D may present to a medical clinic with low bone mass, low-
trauma fracture, bone or muscle pain, or muscle weakness. They also may present with a
risk factor for vitamin D deficiency (eg, decreased sun exposure, increasing age, increasing
skin pigment). Physicians should consider measuring vitamin D levels in these patients.

Physicians may use several methods to treat patients with vitamin D deficiency (Table 3). A
loading dosage of vitamin D can quickly bring serum 25(OH)D levels into the normal range.
One frequently cited loading dose involves administering 50,000 IU of vitamin D once
weekly for 8 weeks.1 However vitamin D deficiency may recur unless physicians
recommend treatment to maintain vitamin D repletion. Maintenance regimens include 400 to
1000 IU/d of vitamin D or 50,000 IU of vitamin D every 2 to 4 weeks.1 Patients with fat
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malabsorption or abnormal vitamin D metabolism often need higher doses of vitamin D, or
UV-B therapy, to correct the deficiency and associated signs and symptoms.
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Figure.
Pelvis (A) and humerus (B) x-ray films obtained for a patient with osteomalacia show
Looser zones (arrows), which are radiolucent areas that occur at right angles to the bone
cortex. They represent incomplete fractures resulting from osteomalacia.
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Table 1

Normative values for laboratory tests for vitamin D deficiency

Test Normal rangea

Serum 25(OH)D level 30 – 8O ng/mL

Serum albumin level 3.3 – 4.7 g/dL

Serum alkaline phosphatase level 35 – 130 U/L

Serum calcium level 8.5 – 10.2 mg/dL

Serum creatinine level 0.6 – 1.3 mg/dL

Serum parathyroid hormone level 14 – 72 pg/mL

Serum phosphorus level 2.5 – 4.5 mg/dL

24-hour urine calcium level 100 – 300 mg

Estimated glomerular filtration ratsb 60 – 120 mL/min/1.73 m2

25(OH)D, 25-hydroxyvitamin D.

a
Valuse reported for adults only.

b
Multiply result by 1.21 for African Americans.
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Table 2

Guidelines for detecting and managing HTP in chronic kidney disease

Chronic kidney
disease stage

GFR range (mL/min/
1.73 m2) PTH measurement frequency

Measurement frequency for
calcium, phosphorus levels Target PTH (pg/mL)

3 30 – 59 Every 12 months Every 12 months 35 – 70

4 15 – 29 Every 3 months Every 3 months 70 – 110

5 < 15 or dialysis Every 3 months Every months 150 – 300

HPT, hyperparathyroidism; GFR, glomerular filtration rate; PTH, parathyroid hormone.

Adapted from National Kidney Foundation. http://www.kidney.org/Professionals/kdogi/guidelines_bone/index.htm. 2009.17
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Table 3

Treatment options for patients with vitamin D deficiency

Name Formulation Description

Ergocalciferol Vitamin D2 A plant source of vitamin D available only by prescription at 50,000 IU per capsule

Cholecalciferol Vitamin D3
Represents the vitamin D found in dairy products, fatty fish, and over-the-counter supplements in doses of
400 – 1000 IU per tablet

Calcitriol 1.25(OH)2D Represents the biologically active form of vitamin D; used in patients with chronic kidney disease who are
unable to convert 25(OH)D to 1.25(OH)2D

Suntanning bed UV-B Induces skin synthesis of vitamin D precursor; long-term saftey with risk of skin cancer is unkonwn

25(OH)D, 25-hydroxyvitamin D; 1.25(OH)2D, 1.25-dihydroxyvitamin D.
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