CONCISE REVIEW FOR CLINICIANS

Vitamin D Deficiency in Adults: When to Test and How to Treat
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On completion of this article, you should be able to (1) recognize patients at risk for vitamin D deficiency, (2) optimally use
and interpret serum vitamin D testing, and (3) determine the optimal vitamin D therapy required to treat or prevent vitamin

D deficiency in adults.

Recent evidence for the nonskeletal effects of vitamin D, coupled
with recoghnition that vitamin D deficiency is common, has revived
interest in this hormone. Vitamin D is produced by skin exposed to
ultraviolet B radiation or obtained from dietary sources, including
supplements. Persons commonly at risk for vitamin D deficiency
include those with inadequate sun exposure, limited oral intake,
or impaired intestinal absorption. Vitamin D adequacy is best de-
termined by measurement of the 25-hydroxyvitamin D concentra-
tion in the blood. Average daily vitamin D intake in the population
at large and current dietary reference intake values are often
inadequate to maintain optimal vitamin D levels. Clinicians may
recommend supplementation but be unsure how to choose the op-
timal dose and type of vitamin D and how to use testing to monitor
therapy. This review outlines strategies to prevent, diagnose, and
treat vitamin D deficiency in adults.
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Al = adequate intake; CKD = chronic kidney disease; D, = vitamin D ;
D, = vitamin D,; 1,25(0H),D = 1,25-dihydroxyvitamin D; HPT = hyper-
parathyroidism; 25(0H)D = 25-hydroxyvitamin D; PTH = parathyroid
hormone; UVB = ultraviolet B

itamin D has been appreciated for its role in calcium

homeostasis and bone health since its identification in
1921." Even so, 25% to 50% or more of patients commonly
encountered in clinical practice are deficient in vitamin D.
Recent advances in biochemical assessment, therapeutic
goals for vitamin D nutrition for optimal bone health, and
the association of vitamin D deficiency with nonskeletal
disease have revived interest in this hormone.

Vitamin D consists of 2 bioequivalent forms. Vitamin D,
(D,), also known as ergocalciferol, is obtained from dietary
vegetable sources and oral supplements. Vitamin D, (D,),
also known as cholecalciferol, is obtained primarily from
skin exposure to ultraviolet B (UVB) radiation in sunlight,
ingestion of food sources such as oily fish and variably for-
tified foods (milk, juices, margarines, yogurts, cereals, and
soy), and oral supplements. Aside from rich sources such
as oily fish, the vitamin D content of most foods is between
50 and 200 IU per serving. This value varies greatly by re-
gion of the world because fortification markedly improves
the availability of vitamin D through diet. Both D, and D,
are biologically inert. Once absorbed from the intestine,
they are metabolized in the liver to 25-hydroxyvitamin
D [25(OH)D], composed of 25(OH)D, and 25(OH)D,;

25(0OH)D (also called calcidiol) is subsequently converted
to 1,25-dihydroxyvitamin D [1,25(OH)2D], also known
as calcitriol, in the kidney and select other tissues by the
action of the la-hydroxylase enzyme. The predominant
effects of vitamin D are exerted through the endocrine and
autocrine actions of calcitriol via activation of the vitamin
D receptor in cells.

TESTING AND INTERPRETING
VITAMIN D STATUS

How PRrevALENT Is Vitamin D Dericiency Anp WHo Is At Risk?
Worldwide, naturally occurring dietary sources of vitamin
D are limited, and food fortification is optional, inconsis-
tent, inadequate, or nonexistent. Therefore, for most people,
vitamin D is primarily obtained by cutaneous production
from sun exposure. However, many variables influence the
amount of UVB from sunlight that reaches the skin and its
effectiveness. These include time of day, season, latitude,
altitude, clothing, sunscreen use, pigmentation, and age. In
Minnesota in 2008, less than half of days provided enough
solar UVB radiation at noon to effect cutaneous vitamin
D production.? Even those who normally reside in sunny
climates are commonly found to be deficient in vitamin
D, probably due to cultural habits and/or dress.® Even if
regularly exposed to sunlight, elderly people produce 75%
less cutaneous D, than young adults.* Further barriers to
cutaneous vitamin D production are ongoing public health
campaigns promoting sunscreen use, as advocated by the
American Academy of Dermatology (http://www.aad.org/
forms/policies/ps.aspx, accessed December 24, 2009).
Unfortunately, commonly recommended daily intakes of
vitamin D are known to be insufficient if sunlight exposure
is limited.®

Vitamin D deficiency is more common than previously
thought. The Centers for Disease Control and Prevention
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TABLE 1. Prevalence of Vitamin D Deficiency in Commonly
Encountered Clinical Patient Populations

VITAMIN D DEFICIENCY IN ADULTS

TABLE 3. Laboratory and Radiographic Findings That Suggest
Possible Vitamin D Deficiency

Nursing home or

housebound residents; mean age, 81y 25%-50%
Elderly ambulatory women, aged >80 y 44%
Women with osteoporosis, aged 70-79 y 30%
Patients with hip fractures; mean age, 77 y 23%
African American women, aged 15-49 y 42%
Adult hospitalized patients; mean age, 62y 57%

has reported that the percentage of adults achieving vitamin
D sufficiency as defined by 25(OH)D of at least 30 ng/mL
(to convert to nmol/L, multiply by 2.496) has declined from
about 60% in 1988-1994 to approximately 30% in 2001-
2004 in whites and from about 10% to approximately 5%
in African Americans during this same time. Furthermore,
more people have been found to be severely deficient in
vitamin D [25(OH)D <10 ng/mL].® Even when using a con-
servative definition of vitamin D deficiency, many patients
routinely encountered in clinical practice will be deficient
in vitamin D, as shown in Table 1.

Who SHourp BEe Testep For Vitamin D DEericiEncY?
Although vitamin D deficiency is prevalent, measurement of
serum 25(OH)D levels is expensive, and universal screening is
not supported. However, vitamin D testing may benefit those
at risk for severe deficiency (Table 2) or those with laboratory
or radiographic findings commonly associated with vitamin
D deficiency (Table 3). In these patients, knowledge of the
25(OH)D blood level provides an accurate assessment of
vitamin D body stores, helps identify the need for vitamin D
therapy, and may help to determine an effective dose. Alter-
natively, empiric vitamin D supplementation without testing
can be justified for patients who have no overt risk factors or
evidence of deficiency but are thought to have inadequate sun
exposure or dietary intake.

Vitamin D deficiency can contribute to bone loss from
decreased vitamin D-mediated intestinal calcium absorption

TABLE 2. Clinical Risk Factors for Vitamin D Deficiency

Decreased intake
Inadequate oral intake
Malnutrition (poor oral intake)
Limited sun exposure
Gastrointestinal
Malabsorption (eg, short bowel syndrome, pancreatitis, inflammatory
bowel disease, amyloidosis, celiac sprue, and malabsorptive bariatric
surgery procedures)
Hepatic
Some antiepileptic medications (increased 24-hydroxylase activity)
Severe liver disease or failure (decreased 25-hydroxylase activity)
Renal
Aging (decreased 1-o hydroxylase activity)
Renal insufficiency, glomerular filtration rate <60% (decreased 1-o.
hydroxylase activity)
Nephrotic syndrome (decreased levels of vitamin D-binding protein)

Laboratory
Low 24-hour urine calcium excretion (in the absence of thiazide use)
Elevated parathyroid hormone level
Elevated total or bone alkaline phosphatase level
Low serum calcium and/or serum phosphorus level
Radiographic
Decreased bone mineral density (osteopenia or osteoporosis)
Nontraumatic (fragility) fracture
Skeletal pseudofracture

and resultant secondary hyperparathyroidism (HPT). Vita-
min D supplementation can improve muscle strength and
reduce fall frequency by approximately 50%.” Thus, patients
who have low bone mineral density or a prior low-impact
(fragility) skeletal fracture and those at risk of falling should
be evaluated for vitamin D deficiency to reduce the risk of all
types of skeletal fractures.®’

Patients with chronic kidney disease (CKD) have de-
creased conversion of 25(OH)D to 1,25(0OH),D as a result
of impaired renal 1-a hydroxylase activity. This contrib-
utes to secondary HPT and metabolic bone disease. Super-
imposed nutritional deficiency may aggravate secondary
HPT both directly (as a result of low vitamin D levels)
and indirectly (as a result of impaired vitamin D-mediated
intestinal calcium absorption). Patients with stage I to III
CKD should be tested and supplemented with vitamin D
as needed to achieve optimal levels of 25(OH)D in addi-
tion to modifying calcium and phosphate intake. Emerging
evidence is challenging our understanding of bone and
vascular health in stage IV to V CKD, such that vitamin D,
calcitriol, or vitamin D analogs should be used according
to current CKD guidelines and under the guidance of a
nephrologist.

It has been suggested that clinicians should routinely
test for hypovitaminosis D in patients with musculoskeletal
symptoms, such as bone pain, myalgias, and generalized
weakness, because these symptoms are often associated with
hypovitaminosis D and might be misdiagnosed as fibromy-
algia, chronic fatigue, age-related weakness, or even depres-
sion.!” Some studies and numerous anecdotal observations
report vitamin D deficiency in 80% to 90% of children and
adults with pain, myalgias, and weakness.!" However, few
high-quality interventional studies support a causal relation-
ship between vitamin D deficiency and pain. Furthermore,
vitamin D status can be a surrogate marker of poor nutri-
tional status such that the high prevalence of vitamin D defi-
ciency in these populations may reflect suboptimal nutrition
and lack of outdoor activity associated with chronic illness.
Indeed, a recent randomized, blinded, placebo-controlled
trial showed no benefit of vitamin D supplementation for
such symptoms.'? The role of vitamin D testing in pregnant
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VITAMIN D DEFICIENCY IN ADULTS

or lactating women may be refined by data from ongoing
interventional trials.

WhicH Test Best MEeasures ViTamiN D Status?

Ingested and cutaneously produced vitamin D is rapidly
converted to 25(OH)D, but in serum only a fraction of
25(OH)D is converted to its active metabolite 1,25(0OH),D.
Thus, measurement of the total 25(OH)D level is the best
test to assess body stores of vitamin D. The total 25(OH)D
level allows for the diagnosis and monitoring of vitamin
D deficiency, whereas quantification of 25(OH)D, and
25(OH)D, fractions may facilitate treatment monitoring.
For example, in patients without clinical improvement
after D, or D, supplementation, lack of increase in the
corresponding 25(OH)D, or 25(OH)D; and total 25(OH)
D levels may indicate inadequate dosing, nonadherence,
or malabsorption. Some laboratory assays for vitamin D
cannot differentiate between 25(OH)D, and 25(OH)D, and
will only report a total 25(OH)D level. Some laboratory
assays underdetect D, metabolites, which may give the ap-
pearance of ineffective D, supplementation.

In people with healthy kidneys and bones, normal serum
levels of calcium and phosphorus are maintained predomi-
nantly through the interaction of 2 hormones: parathyroid
hormone (PTH) and calcitriol. In the setting of vitamin D
deficiency, secondary HPT causes both release of calcium
stored in bone and resorption of calcium by the kidney to
maintain normal serum calcium and phosphorus levels.
Thus, vitamin D deficiency is usually accompanied by nor-
mal blood levels for calcium and phosphorus, high-normal
or elevated levels of PTH, normal to elevated levels of total
alkaline phosphatase, a low 24-hour urine calcium excretion
rate, and low levels of total 25(OH)D. Patients with severe
and long-standing vitamin D deficiency may present with
overt hypocalcemia and/or hypophosphatemia, but this is the
exception. Clinicians should not measure 1,25(0OH),D levels
to diagnose hypovitaminosis D. Doing so can lead to an er-
roneous interpretation of vitamin D status because calcitriol
levels are often normal or even elevated in patients with
vitamin D deficiency as a result of elevated PTH levels.

WHaT Is AN OpTiMAL 25(OH)D Lever?

A wide “optimal” range for 25(OH)D is reported (25-80
ng/mL), and differences of opinion exist as to the defini-
tions of vitamin D insufficiency (sometimes reported as
<30 ng/mL) and deficiency (<20 ng/mL). Mild-to-modest
deficiency can be associated with osteoporosis and/or
secondary HPT. Severe deficiency may lead to failure to
mineralize newly formed osteoid in bone, resulting in
rickets in children and osteomalacia in adults. Most cells
have vitamin D receptors. The consequences of vitamin D
deficiency for organs other than bone are not fully known

TABLE 4. Mayo Medical Laboratories Reference Ranges for Total
Serum 25-hydroxyvitamin D [25(0H)D]?

Severe deficiency® <10 ng/mL
Mild to moderate deficiency® 10-24 ng/mL
Optimal? 25-80 ng/mL
Possible toxicity >80 ng/mL

#SI conversion factor: To convert 25(OH)D values to nmol/L, multiply
by 2.496.

b Could be associated with osteomalacia or rickets.

“May be associated with secondary hyperparathyroidism and/or osteo-
porosis.

4 Levels present in healthy populations.

but may include impaired immunity, increased autoim-
munity, myopathy, diabetes mellitus, and an increased risk
of colon, breast, and prostate cancers.!* Higher vitamin D
levels have also been associated with increased longev-
ity.!*15 Thus, an optimal vitamin D level might depend on
the health outcome in question. The vitamin D levels in
Table 4 are those reported by Mayo Medical Laboratories
and represent clinical decision-making values that apply to
men and women of all ages rather than population-based
reference values.

Population reference ranges for vitamin D vary widely
depending on ethnic background, age, geographic location
of the population, and the sampling season. In northern
latitude locations in particular, up to 73% of the popula-
tion may have levels of less than 20 ng/mL during winter.'®
Thus, it is important to be aware that vitamin D levels are
affected by both geographic and seasonal variability and
that a person with an “optimal” level in the summer may
well become “deficient” in the winter without any change
in diet and as a result of changes in sun exposure.

HOW TO PREVENT AND TREAT
VITAMIN D DEFICIENCY

Many patients and physicians think that adequate vitamin
D intake can be obtained via diet alone. This assumption is
erroneous. With the exception of fatty fish, the vitamin D
content of most foods, including fortified dairy products, is
relatively low to nonexistent. Even some dairy products in
the United States are not fortified, making it important to
read food labels to ensure the vitamin D content of foods.
Vitamin D supplementation is safe'” and inexpensive,
but vitamin D deficiency often remains undiagnosed or
is undertreated. Possible explanations for this disparity
include (1) the recommended age-dependent adequate in-
take (AI) of vitamin D was established before publication
of studies suggesting that 25(OH)D levels of greater than
30 ng/mL are needed to ensure PTH suppression into the
normal range; (2) the current Al for vitamin D can easily
be met by diet and/or a daily multivitamin,'® but this intake
level may still be inadequate to reach optimal levels in
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many people, especially those at risk; and (3) physicians
may be uncomfortable recommending larger doses of vita-
min D. That fear is generally unmerited given the dearth of
reports of vitamin D toxicity compared with the expansive
literature on vitamin D deficiency. The rarity of reports of
vitamin D toxicity can be explained in part by the kidney's
ability to limit production of active calcitriol. Increased
calcitriol levels inhibit PTH both directly (through the vi-
tamin D response element on the PTH gene) and indirectly
(by increasing intestinal calcium absorption), causing cal-
citriol production in the kidney to decrease. Renal 24-hy-
droxylase activity further limits the availability of calcitriol
by creating inert metabolites of both calcitriol (1,24,25-tri-
hydroxyvitamin D) and calcidiol (24,25-dihydroxyvita-
min D). The 24-hydroxylase gene is under the transcrip-
tional control of calcitriol, thereby providing tight negative
feedback.

Vitamin D, Vs Vitamin D, SupPLEMENTS:
How Much Is ENoueH?
Both D, (ergocalciferol) and D, (cholecalciferol) are avail-
able as dietary supplements. The relative efficacy of D, vs
D, in humans continues to be debated, although both appear
to be effective for preventing or treating disease, provided
that an adequate total 25(OH)D blood level is obtained. The
variable efficacy of D, vs D, may relate primarily to differ-
ences in serum half-life and is clinically relevant for dosing
and monitoring frequency. A single dose of 50,000 IU of
D, or D, produces a similar increase in the total 25(OH)D
concentration, but the apparent longer half-life of D, sug-
gests that less frequent dosing may be needed.”” A daily
dosing study of 1000 IU of D, vs D, showed no difference
in any resulting vitamin D level [25(OH)D,, 25(OH)D,, or
total 25(OH)D].?° However, a recent study comparing 1600
IU of D, once daily vs 1600 IU of D, once daily vs 50,000
IU of D, once monthly vs 50,000 IU of D, once monthly
suggested that D, is superior in that it showed slightly high-
er levels of 25(OH)D, at the end of 1 year. An important
caveat of this study was that the mean total 25(OH)D level
at the beginning of the study was already in the reference
range (33 ng/mL), and those with hypovitaminosis D may
respond differently.” We recommend the use of D,, particu-
larly if dosing is infrequent (ie, less than once weekly). One
situation in which D, may be preferred is a vegetarian or
vegan diet. It is recommended that both D, and D, be taken
with a meal containing fat to ensure maximum absorption.
Since 1997, the Food and Nutrition Board has advised
an Al of vitamin D of 200 to 600 1U/d.'® The Al is “be-
lieved to cover the needs of all individuals” but “lack of
data or uncertainty in the data” limit the ability to confi-
dently determine a recommended daily allowance. The Al
for vitamin D is based on maintenance of a total serum

VITAMIN D DEFICIENCY IN ADULTS

25(0OH)D level of at least 11 ng/mL.'"* Although these rec-
ommendations are the basis for the amounts of vitamin D
used to fortify foods and provided in many supplements,
it is widely accepted that they are outdated.” Revised di-
etary reference intakes from the Institute of Medicine are
expected in 2010.

How much vitamin D is needed to correct severe vita-
min D deficiency (<10 ng/mL)? Although not validated by
clinical trials, a commonly applied strategy is to prescribe
a “loading dose” (eg, 50,000 IU of vitamin D orally once
weekly for 2-3 months, or 3 times weekly for 1 month).
A review of multiple loading algorithms suggested that a
minimum total dose of 600,000 IU best predicted an end-
of-treatment 25(OH)D level greater than 30 ng/mL.% Itis
important to note that none of the studied patients devel-
oped hypercalcemia. For mild to moderate deficiency (11-
25 ng/mL), a shorter treatment interval or lower dose may
be effective. Although many different strategies may be
used in treating vitamin D deficiency, a common oversight
in management is to stop treatment or provide inadequate
vitamin D maintenance dosing once the 25(OH)D level
reaches the optimal range. Regardless of initial vitamin
D therapy, and assuming no change in lifestyle or diet, a
maintenance/prevention daily dose of 800 to 2000 IU or
more will be needed to avoid recurrent deficiency (Table
3).** A maintenance dose averaging 2000 IU/d meets the
current safe upper limit guidelines and is well below safe
upper limits reported by others.!”

Special mention is needed for patients who have
malabsorption or require tube feeding or parenteral nu-
trition. Patients receiving tube feeding (but without mal-
absorption) have vitamin D dosing requirements similar
to persons with oral intake. However, ergocalciferol
capsules contain D, in oil, which can clog the feeding
tube and therefore should not be used. Cholecalciferol
capsules and tablets contain D, in powder form and can
be used without clogging the feeding tube. Patients with
malabsorption often require larger maintenance dosing
of vitamin D. For example, patients with malabsorp-
tive gastric bypass procedures may require 50,000 IU
of D, or D, maintenance dosing from once weekly to
as frequently as daily to maintain sufficiency. Standard
multivitamin preparations for intravenous parenteral nu-
trition provide only 200 IU, a dose that helps maintain
normal 25(OH)D levels in the short term but may not
correct vitamin D deficiency. In extreme malabsorptive
states, UVB exposure (ie, sunlight or phototherapy) can
be effective for those who do not respond to large oral
doses.” Vitamin D for intramuscular administration is
not commercially available in the United States; how-
ever, it can be compounded in specialty pharmacies for
limited local use.*
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VITAMIN D DEFICIENCY IN ADULTS

THE IMPORTANCE OF CALCIUM AND
VITAMIN D TOXICITY

WHAT RoLE i1s PLavep By CaLcium NuTRiTION?

Maintenance of normal serum calcium levels results from
an array of interrelated processes, including intestinal
calcium absorption, calcium uptake and release from the
skeleton, and renal calcium handling. As previously noted,
vitamin D plays a critical role in each of these processes.
Hypovitaminosis D impairs intestinal calcium absorp-
tion and leads to secondary HPT and risk of bone loss.
Heaney et al?”’ found that maximal calcium absorption in
men occurs when 25(OH)D levels are in the range of 30
to 40 ng/mL, consistent with vitamin D levels needed to
suppress PTH. However, even in the presence of vitamin
D sufficiency, inadequate oral calcium intake may cause
secondary HPT. The National Osteoporosis Foundation
guidelines recommend that men and women younger than
50 years ingest 1000 mg/d of elemental calcium, and those
older than 50 years ingest 1200 mg/d (http://www.nof.org/
prevention/calcium_and_VitaminD.htm, accessed Decem-
ber 24, 2009).

Clinicians should be mindful of several important cave-
ats when considering calcium supplementation.

First, up to 500 to 600 mg of elemental calcium can be
efficiently absorbed in any single dose, with excess calcium
passing unabsorbed through the gut.

Second, gastric acidity is necessary for calcium absorp-
tion. However, even in patients with achlorhydria, calcium
absorption is reported to occur adequately if taken with
meals. For patients with achlorhydria due to gastric reduction
or bariatric surgery, or during gastric acid suppressive therapy
(eg, protein pump inhibitor use), calcium supplementation
with the more acidic calcium citrate is preferred over calcium
carbonate. However, calcium citrate can clog feeding tubes
and should not be administered via any feeding tube.

Third, during vitamin D sufficiency, approximately
30% of calcium intake is normally absorbed regardless of
the dietary or supplement source.”’” Thus, if 1000 mg of
calcium is ingested and 30% (300 mg) is absorbed, and
assuming that 50 mg is required for daily bone health, the
remaining 250 mg will be renally excreted (normal 24-hour
urine calcium excretion approximates 100-250 mg/d). With
vitamin D deficiency, as little as 10% of ingested calcium
may be absorbed. Thus, calcium excretion would be low
(only 50 mg for a dose of 1000 mg). Although cumber-
some, 24-hour urine calcium excretion is an effective test
to assess adequacy of both calcium and vitamin D intake.
When assessing urine calcium values, it is important to
note that thiazide diuretics, lithium, and a low-sodium diet
decrease renal calcium excretion, whereas excess sodium
intake increases it.

Fourth, as already noted, low 25(OH)D levels may be
associated with secondary HPT and abnormal bone min-
eralization. Thus, increased levels of PTH, increased total
or bone alkaline phosphatase levels, and low 24-hour urine
calcium levels should prompt suspicion for vitamin D defi-
ciency in some patients. For example, vitamin D deficiency
should be suspected in an otherwise healthy person found
to have an elevated alkaline phosphatase level, especially if
findings on other liver enzyme tests are normal.

What Agout Vitamin D Toxicity?

Vitamin D toxicity should not be diagnosed solely on the ba-
sis of an elevated 25(OH)D level; instead, it should be recog-
nized as a clinical syndrome of both hypervitaminosis D and
hypercalcemia, in which hyperphosphatemia and hypercal-
ciuria also commonly (although not always) occur. Patients
with vitamin D toxicity could present with clinical symptoms
and signs of hypercalcemia (eg, nausea, dehydration, and
constipation) and hypercalciuria (eg, polyuria and kidney
stones). Hypervitaminosis D in the absence of hypercalcemia
may prompt further investigation to evaluate the etiology of
increased vitamin D levels; however, unlike hypercalcemia,
it is not a medical emergency. Although excess vitamin D
supplementation can lead to hypercalcemia, vitamin D toxic-
ity is extremely rare and generally occurs only after ingestion
of large doses of vitamin D (>10,000 IU/d) for prolonged
periods in patients with normal gut absorption or in patients
who may be concurrently ingesting generous if not excessive
amounts of calcium. A 25(OH)D level of 80 ng/mL is the
lowest reported level associated with toxicity in patients with-
out primary HPT with normal renal function. Most patients
with vitamin D toxicity have levels greater than 150 ng/mL.*®
Binkley et al*! have recently reported that vitamin D supple-
mentation with 1600 IU/d or 50,000 IU monthly was not
associated with any laboratory parameters of toxicity [eg,
25(0OH)D, PTH, bone alkaline phosphatase, and 24-hour
urine calcium] and even failed to increase total 25(OH)D
levels above 30 ng/mL in 19% of participants.

CONCLUSION

Vitamin D is important for skeletal and nonskeletal
health. It is now well established that many people have
vitamin D levels that are less than currently recommended
for optimal health. Worldwide, vitamin D is predomi-
nantly obtained through exposure to UVB radiation in
the form of sunlight and cutaneous vitamin D production.
Latitude, cultural dress habits, season, sun avoidance, and
sunscreen protection can all limit vitamin D production.
Gastrointestinal, hepatic, and renal disease may be related
to low vitamin D levels, but hypovitaminosis D most com-
monly results from inadequate intake. Hypovitaminosis

756 Mayo Clin Proc. * August 2010;85(8):752-758 * doi:10.4065/mcp.2010.0138 * www.mayoclinicproceedings.com

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.



D resulting from lack of UVB exposure is not easily cor-
rected by dietary intake alone in the absence of supple-
mentation. Food fortification with vitamin D is based on
outdated recommendations for daily AI. Supplementation
with 800 to 1000 IU/d of vitamin D or 50,000 IU monthly
is safe for most people and can ensure levels of vitamin
D within the optimal range. This intake is within the cur-
rently recommended safe upper tolerable limit for vitamin
D of 2000 IU/d for those aged 1 year and older. Revised
recommended dietary intake values for vitamin D, which
are needed to guide patients and physicians alike, are ex-
pected to be published in 2010.
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CME Questions About Vitamin D Deficiency
in Adults

1. Which one of the following patients is at greatest risk
for vitamin D deficiency?

. A formula-fed infant
. A teenaged girl eating an unrestricted diet and tak-
ing a multivitamin

c. A 30-year-old male nursing home resident treated
with phenytoin for epilepsy

d. A 70-year-old woman with osteopenia taking a cal-
cium carbonate with vitamin D supplement

e. A 43-year-old male farmer

o e

2. Which one of the following biochemical tests provides
the best initial assessment of a person's vitamin D
status?

. Serum parathyroid hormone (PTH)

. Serum 25-hydroxyvitamin D (calcidiol) [25(OH)D]

. Serum 1,25-dihydroxyvitamin D (calcitriol)
[1,25(0OH),D]

d. Serum bone alkaline phosphatase

e. 24-hour urine calcium excretion

o o

3. Which one of the following sets of laboratory test find-
ings (reference ranges provided parenthetically) is
most suggestive of vitamin D toxicity?

a. Serum calcium, 9.7 mg/dL (8.9-10.1 mg/dL); serum
phosphorus, 4.0 mg/dL (2.5-4.5 mg/dL); 24-hour
urine calcium, 250 mg/spec (25-300 mg/spec);
25(0H)D, 120 ng/mL (25-80 ng/mL); and PTH,
30 pg/mL (15-50 pg/mL)

b. Serum calcium, 10.4 mg/dL (8.9-10.1 mg/dL); serum
phosphorus, 4.8 mg/dL (2.5-4.5 mg/dL); 24-hour
urine calcium, 450 mg/spec (25-300 mg/spec);
25(0OH)D, 120 ng/mL (25-80 ng/mL); and PTH, 20
pg/mL (15-50 pg/mL)
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c. Serum calcium, 11.0 mg/dL (8.9-10.1 mg/dL); serum
phosphorus, 2.2mg/dL (2.5-4.5mg/dL);1,25(OH),D,
85 pg/mL (22-67 pg/mL); and PTH, 95 pg/mL (15-50
pg/mL)

d. Serum calcium, 10.6 mg/dL (8.9-10.1 mg/dL);
serum phosphorus, 4.0 mg/dL (2.5-4.5 mg/dL);
24-hour urine calcium, 450 mg/spec (25-300 mg/
spec); 25(OH)D, 26 ng/mL (25-80 ng/mL);
1,25(OH),D, 85 pg/mL (22-67 pg/mL); and PTH,
12 pg/mL (15-50 pg/mL)

e. Serum calcium, 15 mg/dL (8.9-10.1 mg/dL); serum
phosphorus, 4.0 mg/dL (2.5-4.5 mg/dL); 24-hour
urine calcium, 450 mg/spec (25-300 mg/spec);
25(0OH)D, 35 ng/mL (25-80 ng/mL); 1,25(0OH),D,
<10 pg/mL (22-67 pg/mL); and PTH, <6 pg/mL
(15-50 pg/mL)

. Which one of the following treatment strategies is most
likely to be safe and effective to achieve optimal vita-
min D levels in a person with little sun exposure?

a. Daily supplementation with 400 IU of vitamin D, (D,)
via a multivitamin

b. Daily supplementation with 800 to 1000 IU of vitamin
D, (D,) or D,

c. Daily supplementation with 50,000 IU of D,

d. Monthly supplementation with 50,000 IU of D,

e. One daily serving of fortified milk

5. Which one of the following statements about measuring

25(OH)D levels is correct?

a. All patients should be tested for vitamin D deficiency
before supplementation

b. A patient with a 25(OH)D level of 10 ng/mL who is
beginning treatment with 800 IU/d of D, should be
rechecked after 1 month

c. A patient with a 25(OH)D level of 10 ng/mL who is
beginning treatment with 50,000 IU of vitamin D
3 times weekly for 1 month to be followed by 50,000
IU once monthly should be rechecked after 1 month

d. A patient with a 25(OH)D level of 10 ng/mL who is
beginning treatment with 2000 IU/d of D, should be
rechecked after 6 months

e. A patient with generous summertime sun exposure
living at a high latitude with a low 25(OH)D level
in spring should be supplemented and retested in
the fall
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