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Vitamin D and Bone Health
Vitamin D is essential for attainment and maintenance of musculoskeletal health and key
to calcium homeostasis and phosphorus balance. Chronic insufficiency leads to skeletal abnormalities and fragility fracture and is linked to multiple extra-skeletal disorders including cancer, infection, and cardiovascular disease.
Analysis of nutrient intake, through food and dietary supplements, has shown the majority
of American adults fail to meet adequate intake recommendations for vitamin D established
by the Institute of Medicine.1,2 Many if not most of the patients seen in the typical primary
care practice are vitamin D insufficient or deficient. Knowing who is most likely to be severely deficient will help practitioners identify those patients who should have targeted testing and therapy.
Once a patient is found to be deficient, clinical management involves supplementation to
raise and maintain serum vitamin D at levels necessary to support optimal bone and general health.This issue of “Osteoporosis: Clinical Updates” will discuss the role of vitamin D in
skeletal health, its sources, daily requirements, upper safe limits, and potential for building
and maintaining strong bones throughout the lifespan.
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Vitamin D Deficiency in the U.S.

Identifying patients at risk requires recognizing the
factors that influence vitamin D synthesis, intake, and
metabolism.

Over the past decade, researchers and experts in the
field have warned of a “silent epidemic” of vitamin D
deficiency in the United States, citing prevalence data
from the National Health and Nutrition Examination
Survey (NHANES), which showed an increased prevalence from 50% to 75% between 1988 and 2004.3 And
yet, in 2010 the Institute of Medicine (IOM) reported
that rather than an epidemic, vitamin D deficiency is
not a problem for the majority of Americans. Authors
writing for the National Center for Health Statistics
(NCHS) supported this view, reporting that 67% of the
U.S. population has sufficient serum vitamin D, about
25% is at risk of vitamin D inadequacy, and 8% is at
risk of vitamin D deficiency.4

The Role of Vitamin D in Bone Health
Vitamin D is one of several fat-soluble steroids whose
metabolization facilitates absorption and regulation of
minerals such as calcium and phosphorus. There are
two forms of vitamin D: D2 and D3. The vitamin D2
form (ergocalciferol) is found in small amounts in certain plants and made commercially by UV irradiation
of yeast. The more potent form, Vitamin D3 (cholecalciferol), is synthesized in the skin of vertebrates in
response to exposure to UVB radiation either from
the sun or from a synthetic light source. Vitamin D3 is
the form commonly used in supplements and fortified
foods. Vitamin D3 is available from animal foods such
as fatty fish, egg yolks, and liver. It is produced commercially from cholesterol extracted from sheep wool
that is exposed to UVB radiation.

So, is vitamin D deficiency an epidemic or not? Put
simply, it depends on how you define your terms: specifically, what blood level constitutes vitamin D insufficiency in an otherwise healthy population. IOM and
NCHS conclusions rest on defining insufficiency as
25-hydroxyvitamin D (25[OH]D) blood levels below
20 ng/mL (<50 nmol/L), the level traditionally believed adequate to protect bone health. However, due
to increasing evidence that higher levels are needed to
achieve skeletal and other health benefits, specialty societies such as the Endocrine Society and the National
Osteoporosis Foundation define insufficiency as
25(OH)D at or above 30 ng/mL (<75 nmol/L). This
may seem like a small difference, but it has major public health ramifications, raising issues in primary care
related to screening, treatment, and monitoring.

Vitamin D Synthesis and Activation
Both vitamin D2 and D3 are biologically inactive,
whether obtained through cutaneous UVB exposure,
diet, or supplements. They go through a two-step process of hydroxylation, first in the liver, where the parent compound D is converted to 25-hydroxyvitamin
D (25[OH]D), known as calcidiol, and second in the
kidney, where it becomes the biologically active form
1,25 dihydroxyvitamin D (1,25[OH]2D), or calcitriol,
which is involved in bone metabolism and absorption
of dietary calcium, phosphorus and other minerals.

All sides of the debate agree that in certain populations,
vitamin D insufficiency and deficiency are widespread.

In the body, activated vitamin D regulates absorption of
calcium from the gastrointestinal system and mobilization of calcium from bone. The activation of 25 OH
vitamin D to 1,25(OH)2 vitamin D is stimulated by
serum parathyroid (PTH) and low phosphorus. PTH
is regulated by serum calcium and by the protein hormone FGF23, which is produced by bone.

Activity Objectives

Adequate calcium absorption depends on adequate levels of 25(OH)D being converted into activated 1,25
dihydroxyvitamin D. In a setting of optimal serum vitamin D, absorption of dietary calcium is approximately
30% to 40 percent.3 As vitamin D status declines, absorption of dietary calcium declines to about 10% to
15 percent.3 Maximum absorption of dietary calcium
2

becomes vitamin D3. Factors
that affect the skin’s ability to
synthesize vitamin D are many.
Two intrinsic factors that affect vitamin D production are
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UVB = ultraviolet B; proD = provitamin D ; preD = previtamin D ; PO = phosphate; 1,25(OH)D = 1,25 dihydroxyvitamin D.
Adapted from Holick MF. Osteoporosis Int. 1998;8 Suppl 2:S24–9.
underlying mechanism of acFigure 1.Vitamin D is produced in the skin and converted to active metabolites in the liver
tion.10,11 Paradoxically, these
and kidney.
lower vitamin D levels do not
increase fracture risk among
African Americans. In fact, African Americans have a
occurs at a 25(OH)D level of 32 ng/mL or higher.5,6
lower risk of osteoporotic fracture than do Caucasians.
As well as leading to decreased calcium absorption,
As a result of such observations, it is hypothesized that
suboptimal vitamin D leads to increased release of
the Caucasian model of association between vitamin
PTH (causing secondary hyperparathyroidism), which
D status, hyperparathyroidism (also higher in African
increases bone resorption, thus weakening bone and
Americans), and fracture risk may not be applicable to
increasing probability of fracture.7 Levels of PTH rise
other races. However, observational studies such as the
when 25(OH)D levels drop below 30 ng/mL and are
2012 Health ABC Study show that, regardless of ethoften above normal at levels less than 20 ng/mL. In adnicity, low vitamin D combined with PTH in the high
dition, animal studies, cell studies, and meta-analyses
end of the reference range is associated with multiple
that suggest levels near 50 ng/mL maybe optimal for
chronic conditions and higher all-cause mortality.
bone health. This observation underpins the shift in
thinking about what constitutes ideal serum levels.
It stands to reason that due to its greater prevalence,
vitamin D deficiency has a disproportionally greater
negative health impact in the African American and
Factors that Affect Vitamin D Levels
non-black Hispanic American populations. It has been
A wide range of factors influence the intake, producsuggested that this phenomenon may contribute to
tion, and metabolism of vitamin D and contribute to
health disparities that exist between racial/ethnic
serum levels. Primary among these are exposure to
groups.12
sunlight, dietary intake, absorption in the digestive
Extrinsic factors that impede vitamin D synthesis intract, and conversion in liver and kidneys.
clude lifestyle barriers (staying indoors or covering
skin with clothing limit exposure) and UVB intensity
Sunlight Exposure
(cloud cover and pollution). Studies show that latitude
Exposure to UVB radiation from the sun (or a synthetic
does not affect net vitamin D synthesis.13,14 The winter
light source) converts 7-dehydrocholesterol (provitashortfall in sunlight exposure at northern latitudes apmin D3) in the skin to previtamin D3, which in turn
pears to be made up during the rest of the year.

Vitamin D Is Produced in the Skin and Converted
to Active Metabolites in the Liver and Kidney
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1. Calvo MS et al. Am J Clin Nutr. 2004;80(suppl):1710S–1716S.
2. National Osteoporosis Foundation. National Osteoporosis Foundation’s Updated Recommendations for Calcium and Vitamin D Intake.
example, unexposed portabella
Available at: http://www.nof.org/prevention/calcium_and_VitmaminD.htm. Accessed April 24, 2007.
3. Institute of Medicine of the National Academies. Dietary reference intakes (DRIs): recommended intakes for individuals.
Available at: http://www.iom.edu/?id=21381. Accessed April 24, 2007.
mushrooms contain approximately 12 IUs per cup, while
Figure 2. In the NHANES III Population study, vitamin D Intake did not reach 400 IU/day
portabellas exposed to UVB
for women 50 years and older, even with supplementation.
light contain approximately
493 IUs per serving.20 In addition to these sources, dairy products, margarine, cereHowever, measurement of serum vitamin D levels of
al, and orange juice are regularly fortified with vitamin
people living in northern regions such as Canada and
D in concentrations displayed on their packaging.
Scandinavia show declines in vitamin D sufficiency during the winter and spring, which could result in minerA listing of the vitamin D content of common foods is
alization issues and other negative health effects during
shown at the bottom of page 5. As is evident in this list,
these periods.15
few foods contain high concentrations of vitamin D.
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Many people overestimate the amount of vitamin D in
foods generally and even in fortified foods such as milk
and breakfast cereal.

Theoretically, properly applied and replenished sunscreen would significantly reduce the skin’s exposure to
UVB rays. However, research indicates that in practice
most people don’t use enough sunscreen or reapply it
often enough to completely block their exposure to
UVB and production of vitamin D.16,17 A more likely
culprit is the increasingly indoor lifestyle of Americans,
who spend less time outdoors than at any time in the
past.

A diet chronically low in vitamin D, coupled with inadequate sunlight exposure, over time can lead to vitamin
D deficiency. Unless they get ample sun exposure,
people with diets that restrict their intake of vitamin
D rich foods, such as those with dairy allergies, lactose
intolerance, or ovo-vegetarian and vegan diets, are at
increased risk of vitamin D deficiency.

Estimates for adequate UVB exposure range from 5 to
30 minutes of sunlight twice a week on the bare face,
arms, legs, or back. Commercial tanning beds with an
emission of 2% to 6% UVB used in moderation are
roughly equivalent.18,19

Absorption and Conversion Factors
Even with sufficient dietary intake, patients who have
conditions that compromise the absorption or conversion of vitamin D may not benefit from the vitamin D
in the foods they eat. Conditions such as cystic fibrosis,
Crohn disease, or colitis can cause malabsorption of
vitamin D and other nutrients in the digestive tract,

Dietary Intake
As discussed earlier, dietary sources of vitamin D are
limited. Getting enough vitamin D from diet alone is
4

while kidney and liver disorders can disrupt the conversion of vitamin D into its active form.

•

Evidence regarding the effects of gastric bypass surgery
on vitamin D absorption are inconclusive to date, with
some data suggesting increase and some indicating attenuation in vitamin D levels following surgery.21,22,23
Because vitamin D is fat soluble, it is stored in subcutaneous fat. As a result, body mass index (BMI) 30 or
over is associated with lower serum 25(OH)D than
BMI in the healthy range. In obese individuals, more vitamin D is sequestered in fat and less released into the
bloodstream. Such individuals may need higher intake
levels to compensate.24

•
•
•
•

Many medications and over-the-counter remedies can
adversely interact with vitamin D. Some medications
can interfere with vitamin D absorption and/or metabolism. Others can have their absorption and/or effects
intensified by combination with vitamin D. Potential
interactions to be aware of include:
• Most anticonvulsants, such as carbamazepine
(Tegretol®), phenobarbital (Luminal®), and phenytoin (Dilantin®), and gabapentin (Neurontin®)
can cause reduced serum 25(OH)D and calcium
absorption.25,26,27
• Antiretrovirals agents ritonavir (Norvir®), efavirenz
(Sustiva® and Atripla®), and valproic acid (e.g.
Depakene®) are associated with reduced 25(OH)D

•

•
•

levels.28
Certain calcium channel blockers (brand names:
Bosoptin®, Calan®, Covera-HS®, Isoptin®,
Verapamil®, and Verelan®) may not be effective
when taken with vitamin D.29
Cimetidine: (brand names: Tagamet® and Tagamet
HB®) cause disruption of vitamin D metabolism.30
Cholesterol-lowering agent cholestyramine (brand
names Questran®, LoCholest®, Prevalite®) can
reduce absorption of vitamin D.31
Digoxin (Lanoxin®), Digitalis (Crystodigin®) taken
with vitamin D may increase effects of digoxin, causing cardiac irregularities.32
Oral corticosteroids/glucocorticoids (brand names
include Aristocort®, Methylprednisolone®,
Orasone®) impair vitamin D metabolism.33,34,35
Psoriasis treatments calcipotriol/calcipotriene
(brand names: Dovonex®/ Daivonex®), synthetic forms of vitamin D, suppress PTH and 1,25
dihydroxyvitamin D3 and increase absorption of
calcium.36
Statin drugs to lower cholesterol can increase serum
vitamin D levels.37
Weight loss drug orlistat (brand names Xenical®
and Alli™) and food additive olestra (brand name
and Olean®) have been shown to reduce absorption
of vitamin D.38

Food
Canned salmon (with bone)
Salmon, fresh roasted
Canned tuna (in oil, drained)
Whole milk (cow)
Soy milk (Silk brand plain)

Serving Size
1 can (369 grams)
½ filet
3 ounces
1 cup
1 cup

Vitamin D Content
2816 IU
815 IU
229 IU
124 IU
119 IU

Low fat milk (1%)
Orange juice (fortified)
Kellogg’s All-Bran Cereal (original)
Egg, whole, hard boiled
Spinach souffle
Mushrooms (fresh, shitake)
Cheddar Cheese

1 cup
1 cup
1/2 cup
1 large
1 cup
1 cup
1 ounce

117 IU
89 IU
51 IU
44 IU
42 IU
41 IU
7 IU

Table 1. Typical foods that contain vitamin D with serving size and vitamin D content. Source: USDA National Nutrient
Database for Standard Reference, Release 25. Available at: https://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/
SR25/nutrlist/sr25a324.pdf.
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Before prescribing vitamin D supplementation, a careful medication review is necessary to avoid potentially
harmful interactions.
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Role of Vitamin D in Prevention of Falls
and Fractures
Vitamin D protects the bones of older individuals
through two mechanisms: maintaining bone mineral
density (BMD) and preventing falls.39,40 It is well established that vitamin D sufficiency is required to
absorb calcium and maintain bone density. Less well
understood is the process by which vitamin D benefits
muscle strength and function.

Please direct all inquiries to: National Osteoporosis
Foundation 1150 17th Street NW Washington, DC 20037,
USA Phone: 1 (202) 223-2226
Fax: 1 (202) 223-1726 www.nof.org
Statement of Educational Purpose
Osteoporosis Clinical Updates is published to improve
osteoporosis patient care by providing clinicians with
state-of-the-art information and pragmatic strategies on
prevention, diagnosis, and treatment that they may apply in
clinical practice.

Possible mechanisms for this effect have been illuminated in recent animal research isolating vitamin D receptors in specialized fast-twitch muscle fibers that are
activated when a person starts to fall. In healthy young
people, these muscles make it possible to catch oneself
before losing one’s balance. Age weakens these muscle
fibers, as does insufficient vitamin D. Animal studies
have demonstrated vitamin D repletion to thicken and
strengthen these specific fibers.

Overall Objectives
Despite the availability of effective prevention, diagnostic,
and treatment protocols for osteoporosis, research indicates
that it is significantly underdiagnosed and undertreated
in the general population. Through this publication, NOF
encourages participants to incorporate current evidence
and expert recommendations into clinical practice to
improve the bone health of their patients.

It is speculated that in humans this translates into fewer
falls, fewer fractures, and lower rates of all-cause mortality.41,42 Recent data from a large population-based
prospective observational study of elderly communitydwelling men showed a U-shaped association between

Upon completion of each issue of Osteoporosis Clinical
Updates, participants should be able to:
• Recognize current concepts in osteoporosis research and
clinical practice
• Identify implications of these concepts for osteoporosis
patient care
• Adopt evidence-based strategies to study, prevent, and/
or treat osteoporosis
• Improve patient care practices by integrating new data
and/or techniques

Table 2. Individuals at Risk for Vitamin D
Deficiency
• Infants fed only breast milk
• Homebound and institutionalized individuals and
others with restricted sun exposure
• People with dark skin (e.g., people of African,
Middle Eastern, Native American, Hispanic, or
South Asian descent)
• People with conditions that cause fat
malabsorption, such as Crohns disease, colitis,
inflammatory bowel disease, and cystic fibrosis
• People with liver or kidney disease, including
kidney transplant
• People who have undergone gastric bypass
(conflicting research)
• Older adults (over age 60)
• Obese individuals (BMI ≥ 30)
• People with dietary restrictions, such as vegan,
milk-allergic, ovo-vegetarian, and lactoseintolerant individuals

Intended Audience
This continuing education activity is intended for
health professionals who care for patients at risk for or
suffering from osteoporosis practicing in primary care,
endocrinology, geriatrics, gynecology, internal medicine,
obstetrics, orthopedics, osteopathy, pediatrics, physiatry,
radiology, rheumatology, and/or physical therapy.
This includes physicians, nurse practitioners, registered
nurses, pharmacists, physician assistants, technologists,
researchers, public health professionals and health educators
with an interest in osteoporosis and bone health.
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vitamin D serum level and fracture risk. The highest
risk of fracture was seen in men with serum levels of
≤ 36nmol/L or >72nmol/L. The lowest risk was in
men with serum 25OHD ≥60 to ≤72nmol/L.43

for inadequacy, ≥20 ng/mL have adequate circulating
levels, while those with levels >100 ng/mL are at risk
for adverse effects.1
Specialty societies such as the National Osteoporosis
Foundation and the Endocrine Society recommend
using the cut point of 30 ng/mL to denote sufficient
serum 25(OH)D. In support of this designation are
data indicating that intestinal absorption of calcium is
maximized above 32 ng/mL, and parathyroid hormone
(PTH) concentrations in adults are at their lowest at
between 30 and 40 ng/mL.2,6,51,52,53

Heterogeneous studies of vitamin D supplementation
and fall risk have reported effects that range from 20%
reduction in falls at a dose of 700-1000 IUs/day, to no
effect, to an increase in falls and fractures with veryhigh-dose supplementation of 500,000 IUs/year.44-49
In order to draw reliable inferences from such divergent data, the Agency for Healthcare Research conducted a meta-analysis, which concluded that evidence
supports an association between vitamin D supplementation and small to moderate reductions in fall risk,
particularly in high-risk individuals, such as institutiondwelling elderly.50  Vitamin D at ≥800 IU per day resulting in a 25OHD level of 65-75 nmol/L is needed to
lower risk of falls.

The IOM’s guidelines for vitamin D intake are based on
what healthy individuals need to ingest daily to maintain serum 25(OH)D in the healthy range. These guidelines, or dietary reference intakes (DRIs), are a set of
reference values for vitamins, minerals, and other nutrients used for dietary planning and assessment. DRIs
are specific to age group, gender, and, for women, reproductive status.

How Much Vitamin D Is Needed and How to
Get It

Vitamin D supplements are available in over-the-counter tablets, liquids, and capsules in doses ranging from
The goal of vitamin D supplementation is to achieve
200-5000 (D2/D3) and 10 000 IUs (D3). Prescription
and maintain serum 25(OH)D levels in the healthy
dosages of 50 000 D2 and 8000 U/mL are available for
range. As mentioned above, what constitutes an adphysician use. In addition, for renal disease patients the
equate serum 25(OH)D level? The IOM report consynthetic vitamin D analog calcitriol and several anacluded that, based on current data from randomized
logues are available in tablet or injectable form. Raising
controlled clinical trials, people with less than 12 ng/
the serum to ideal 25(OH)D levels may take much
mL are at risk for deficiency, 12-20 ng/mL are at risk
higher intakes of supplemental
D than expected. This is why
clinicians must recheck patients
to ensure therapeutic response.
The 25(OH)D Continuum Controversy
Current Daily
Recommended Intakes for
Vitamin D

“Deficiency”
“Insufficiency”

“Normal”

?
0

10

20

30

40

50

60

Serum 25(OH)D, ng/mL

Figure 3. This illustration shows the continuum of 25(OH)D intake with area of controversy indicated in shading.
Adapted from Heaney RP. Am J Clin Nutr. 2004;80(suppl):1706S-1709S. Reproduced with permission from The American Journal of Clinical Nutrition.
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Daily recommended intakes
(DRIs) are based on data for the
following:
Estimated Average
Requirements (EAR): The
average daily nutrient intake
level estimated to meet the
requirements of half of the
healthy individuals in a given
population.

Recommended Dietary Allowances (RDA): The
daily dietary intake level of a nutrient considered sufficient by the IOM Food and Nutrition Board to meet
the requirements of nearly all (97–98%) healthy individuals in each life-stage and gender group. Based on
EAR and ≈20% higher than EAR.

Be Sure to Treat the Right Disease
Osteomalacia and osteoporosis have overlapping
clinical indices.  Without accurate measurement of
serum vitamin D, practitioners can easily mistake
osteomalacia for osteoporosis. Both present with low
BMD on DXA and fragility fractures. However, they are
different disorders with different treatments.

Adequate Intake (AI). Where not enough evidence exists to establish an RDA, an estimate of the
amount sufficient to ensure health in a given healthy
population.

Osteomalacia is caused by poor deposition of
calcium in bone matrices, leading to soft, fragile
bones. Treatment with antiresorptives intended for
osteoporosis amplify this pathological process by
slowing the remodeling process. Antiresorptives
should never be used in a  patient with osteomalacia.

Tolerable upper intake levels (UL): The highest
level of consumption that current data have shown to
be safe.

Many patients have both osteomalacia and
osteoporosis. Osteomalacia must be corrected before
initiation of osteoporosis therapy.  Osteomalacia is
correctable with vitamin D supplementation (and
calcium if needed), often in a matter of months. Once
serum vitamin D reaches optimal levels, assessment
of BMD can be repeated. Osteoporosis may need
treatment with the usual drugs  in those with
diagnostic T-scores, FRAX scores, and/or other risk
factors.

In its 2010 report, the IOM revised its recommendations for vitamin D based on new research. The new
recommendation for daily intake of vitamin D tripled
the value previously considered adequate for children
and adults from 200 IU to 600 IU/day, still considered
too low by many experts.8
Current RDAs & AIs for Vitamin D
The following RDAs were established for children,
teenagers, and adults by the recent IOM report:
• Children 1-13 years: 15 micrograms (600 IU)/day
• Teenagers 14-18 years: 15 micrograms (600 IU)/day
• Adults 19-70 years: 15 micrograms (600 IU)/day
• Adults above 70 years: 20 micrograms (800 IU)/day
• Pregnant and lactating women: 15 micrograms (600
IU)/day
• The following AIs were established for infants (RDAs
have not been developed for children under 1 year):
• Infants 0-6 months: 10 micrograms (400 IU)/day
• Infants 6-12 months: 10 micrograms (400 IU)/day

vitamin D deficiency would be suspected if laboratory
findings showed normal serum calcium and normal to
low phosphorus with high-normal to elevated levels of
PTH and alkaline phosphatase.
Severe vitamin D deficiency obstructs calcium mineralization in bone, causing osteomalacia (called rickets
in children). Resulting bone is soft and prone to deformity and fracture. A red flag for osteomalacia is chronic
musculoskeletal pain of unknown etiology. Studies have
found very high prevalence of severe vitamin D deficiency in patients suffering from persistent nonspecific
bone and muscle pain, headache, and fatigue. The effect was seen in all ages and ethnicities, affecting men
and women alike. Prevalence was most pronounced in
African American, East African, Middle Eastern, South
Asian, Hispanic, and American Indian patients with
diffuse nonspecific pain, of whom 80% to 100% had
levels at or below 20 ng/mL.54,55,56 D-deficient osteomalacia resolves with vitamin D repletion.

These recommendations may be adjusted upwards if
research supports benefit and safety of higher doses.
Assessing Vitamin D Status
It is reasonable to assume that most if not all patients in
an average primary care setting have less than optimal
serum vitamin D and would benefit from supplementation at recommended doses. Many patients, however,
will be severely deficient and in need of more intensive
intervention. These patients can be initially identified on the basis of predictable patterns of routine
biochemical indices associated with severe deficiency.
For example, in a person with normal liver function,

Approximating a patient’s vitamin D status from their
reported dietary and supplement intake can yield unreliable results. Such estimates are confounded by sun
exposure or lack thereof, absorption irregularities,
vitamin D sequestration in body fat (in obese patients),
8

and other factors. As a result, serum vitamin D measurement provides a more accurate picture of a given
patient’s vitamin D status.

CME Program Eligibility
Method of Participation in the Learning Process: Clinician
learners will read and analyze the subject matter, conduct
additional informal research through related internet
searches on the subject matter, and complete a post-test
assessment of knowledge and skills gained as a result of the
activity.
After participating in this activity, the reader has the
option of taking a post-test with a passing grade of 70% or
better to qualify for continuing education credit for this
activity. It is estimated it will take 1.0 hour(s) to complete
the reading and take the post-test. Continuing education
credit will be available for two years from the date of
publication.

Serum vitamin D levels are assessed by measuring circulating calcidiol, 25(OH)D. Calcidiol is preferred over
calcitriol because of its relatively long and stable concentration in the blood. Calcitriol has a much shorter
half-life than calcidiol (15 hours vs. 15 days) and is
closely regulated by calcium, phosphorus, and parathyroid hormone. Assays for measurement of serum
calcidiol have been criticized by the IOM and others
for lack of consistency and standardization. This has
led many specialists to err on the side of caution and
assume a slightly higher acceptable serum vitamin D
levels.

Accreditation
The National Osteoporosis Foundation is accredited by the
Accreditation Council for Continuing Medical Education
to provide continuing medical education for physicians.
The National Osteoporosis Foundation designates this
educational activity for a maximum of 1.0 AMA PRA
Category 1 Credit(s)TM. Physicians should only claim credit
commensurate with the extent of their participation in the
activity.
The National Osteoporosis Foundation is accredited
as a provider of continuing nursing education by the
American Nurses Credentialing Center’s Commission on
Accreditation.
The National Osteoporosis Foundation designates this
educational activity for a maximum of 1.0 continuing
nursing education credit(s).
Other healthcare providers will also be able to receive a
certificate of completion; nurse practitioners and physician
assistants may request an AMA PRA Category 1 Credit(s)™
certificate of participation.

How Much Is too Much?
The upper limit set by the Institute of Medicine’s Food
and Nutrition Board is 4,000 IU/day. However, evidence supports the view of many experts that this level
is too conservative and that higher doses can be safe
and beneficial. It is instructive that the IOM set the “No
Observed Adverse Effects Level,” or NOAE, at 10,000
IU/day, this being the dose at which there are no published studies showing any adverse effects.
Because increased vitamin D leads to higher serum calcium levels, it was once thought that prolonged exposure to doses over safe limits could lead to vascular and
tissue calcification with damage to heart, vessels, and
kidneys. Clinical trial data from multiple investigations
into this question contradict this hypothesis, demonstrating calcium levels do not significantly increase in
response to increases in vitamin D intake up to about
the level of 10,000 IUs/day.57

Disclosure of Commercial Support
It is the policy of the National Osteoporosis Foundation
(NOF) to ensure balance, independence, objectivity,
and scientific rigor in all its sponsored publications and
programs. NOF requires the disclosure of the existence of
any significant financial interest or any other relationship
the sponsor, editorial board, or guest contributors have
with the manufacturer(s) of any commercial product(s)
discussed in an educational presentation. All authors and
contributors to this continuing education activity have
disclosed any real or apparent interest that may have direct
bearing on the subject matter of this program.
NOF’s accreditation status with ACCME and ANCC does
not imply endorsement by NOF, ACCME or ANCC of any
commercial products displayed in conjunction with this
activity or endorsement of any point of view.

While intakes of 700 to 800 IU per day lower fall risk
by an average of 15% to 20%, higher vitamin D intake
are associated with higher fall risk. Data from a large
randomized trial of elderly women (aged >70) on
high-dose vitamin D (500,000 units given in a single
annual dose) showed increased risk of both falls and
fractures.58
Chronic megadose supplementation (such as >50,000
IU/day) over an extended period has been demonstrated to cause can lead to hypercalciuremia and hypercalcemia, which can have life-threatening consequences.
Symptoms of acute vitamin D toxicity range from mild
(headaches, weight loss, increased urination) to severe

Statement Regarding Off-Label Use
Any publication of the Osteoporosis Clinical Updates that
discusses off-label use of any medications or devices will be
disclosed to the participant.
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(kidney stones, cardiac arrhythmia).

In the elderly, infirm, or chronically ill, these recommendations may not apply. In these patients, vitamin D
supplementation must be overseen on a case-by-case
basis to ensure that healthy serum levels are reached
and held steady over the long term. This means experimenting with dosage and following up with serum
measurement at regular intervals.

Consistent blood levels of >200 ng/mL are considered
toxic and potentially dangerous.59 Fortunately the body
regulates conversion of 25(OH)D to 1,25(OH)2D, its
potent biologically active form. This is why reports of
vitamin D toxicity are so rare. Clinicians can be reassured that doses well over the current IOM recommendations are safe for most patients.

It may be difficult to estimate the dose that will be
most effective for a specific patient. Serum response
to supplementation is nonlinear, with greater proportional impact at low serum levels than at high. In other
words, it takes a higher dose to raise circulating levels
in a D-replete patient than in a D-deficient patient.

IOM 2010 Daily Vitamin D Tolerable Upper Intake
Level
• 0-6 months: 1000 IU (25 mcg)
• 7-12 months: 1500 IU (38 mcg)
• 1-3 years: 2500 IU (63 mcg)
• 4-8 years: 3000 IU (75 mcg)
• ≥9 years, 4000 IU (100 mcg)

Data from NHANES III has been used to calculate the
daily intake required to ensure that 97.5% of women
over age 60 have 25(OH)D values at or above desirable
levels (30 ng/mL). The estimate is ≈2600 IUs of vitamin D per day. 60,61 This is way above recommended intake levels, but well below the tolerable UL and could
easily be accomplished through oral supplementation.62

These tolerable upper limits are meant as conservative
guidelines. The level of 25(OH)D absorbed and circulated in the blood is what determines toxicity in a given
individual.
Ensuring Vitamin D Sufficiency

Correction of vitamin D deficiency is commonly accomplished by administering high initial doses for sevHow can a clinician determine the appropriate dose for
eral weeks or months, followed by a maintenance dose
a patient who is vitamin D deficient? IOM recommenonce target levels have been reached. For example,
dations are based on what it takes to maintain adequate
a typical regimen could start with 50,000 IU once
25(OH)D levels in a population of healthy people.
weekly for 2 to 3 weeks. When
follow-up testing shows adequacy, the dose could be reduced
Estimated Additional Vitamin D Intake (Up to 1886
to 50,000 IU monthly or 2,000
IU/day) Needed to Correct Vitamin D Insufficiency
daily for maintenance.
Women 60 Years and Older (NHANES III Population) in Winter

Serum 25(OH)D, ng/mL

40

30

886
IU/day
25.8

1886
IU/day

Additional daily vitamin D
needed to achieve 25(OH)D
level of 32 ng/mL

1211
IU/day

32 ng/mL of 25(OH)D

23.6
18.8

20

10

0

White

African
American

Mexican
American

NHANES = National Health and Nutrition Examination Survey; 25(OH)D = 25-hydroxyvitamin D.
Weaver CM et al. Am J Clin Nutr. 2004;80(suppl):1735S–1739S [erratum].

Figure 4. Estimated additional vitamin D intake (up to 1886 IU/day) needed to correct
vitamin D inadequacy.
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Retrospective analysis of multiple repletion regimens published
by Pepper, et. al., observed that a
minimum total dose of 600,000
IU administered over 40 to 60
days was needed to correct vitamin D insufficiency (reach 30
ng/mL) in the population of
older men studied.63
Because vitamin D is fat soluble,
it is best absorbed if eaten with
a meal containing fat, ideally
the largest meal of the day. Data
suggest that this results in about
a 50% increase in serum levels

D, history of gall bladder disease (potential fat malabsorption), and lack of exposure to sunlight. It is likely
that the patient is deficient in vitamin D, which may
have contributed to low bone density and to his vertebral fracture.

of 25(OH)D levels achieved.64 Compliance with daily
supplementation is consistently low (about 50%) in
reported studies. Simple reminder strategies can help
patients stay on track, such as putting a note on the
refrigerator door or keeping the vitamin bottle on the
dining table.

The patient is referred for bone density measurement
by DXA. His spinal T-score is -5.0, and his hip T-score
is -3.0.

Nonskeletal Effects of Vitamin D
Multiple large prospective studies have observed extraskeletal benefits of vitamin D. Correlations have been
reported between high intake of vitamin D and lower
rates of chronic diseases such as colon, prostate, breast,
and several other cancers, multiple sclerosis, rheumatoid arthritis, and type 1 diabetes.65-70 Because these
data came from observational studies, they were not
included in the IOM’s analysis of vitamin D benefit,
which restricted its analysis to data from placebo-controlled randomized clinical trials. Further research is
needed to clarify the full spectrum of benefits and risks
associated with vitamin D supplementation.

Does this patient have osteoporosis?
At first glance, one might say “Yes.” However, it is not
as simple as that. The patient’s T-scores, history of
fracture, lack of activity, and diet low in calcium and
vitamin D all point to high future fracture risk. But
does he have progressive remodeling-related bone loss
(osteoporosis) or is his severe vitamin D deficiency responsible for poor mineralization (osteomalacia)?
What can be done to refine his diagnosis?
Running a series of lab tests can determine his levels of
serum calcium, phosphorus, alkaline phosphatase, vitamin D, PTH, and urinary calcium excretion.

Patient Cases: Clinical Management of
Vitamin D Deficiency

Lab results:
• Calcium: 7.9 mg/dL (normal 8.5 –10.9 mg/dL )
• Phosphorus: 2.2 mg/dL (normal 2.4 – 4.1 mg/dL)
• Bone-specific alkaline phosphatase: 590 U/L (normal 20–140 IU/L)
• Serum 25(OH) D: 10 ng/mL normal (30 – 80 ng/
mL)
• Intact PTH: 565 pg/mL (normal 10 – 65 pg/mL)
• Urine calcium: 23 mg/d (normal 100 – 300 mg/
day)

Case 1: Eighty-Year-Old African American Man
with Vertebral Fracture
The first patient we will discuss is an 80-year-old retired teacher who has suffered a spinal fracture while
golfing. He reports having severe pain in his back despite analgesics. A review of his medical history shows
a decline of 4˝ in height since it was last measured (3
years). The patient has lost about 20 pounds in that
same time period. He had gall bladder cancer 25 years
ago, underwent chemotherapy, and is currently in
remission.

What is the diagnosis?
Clearly, this patient is at risk for further fractures. His
serum calcium is low, and his 25(OH)D and urine
calcium are very low. His PTH is quite high. His low
phosphorus is consistent with osteomalacia. When
coupled with the patient’s low DXA T-score and history of fracture, these lab values are sufficient to make
a diagnosis of osteomalacia due to vitamin D deficiency
and high fracture risk.

The patient is asked about his diet and activities.
He reports having very little outdoor activity since his
fracture due to pain. Since that time, he walks very
little at home and cannot walk the golf course. He routinely uses a wheelchair to ambulate.

When can a diagnosis of osteoporosis be made?
Until the vitamin D deficiency is corrected, we cannot know whether or not he actually has osteoporosis.
Whereas osteomalacia is characterized by low bone
mineralization as a result of vitamin D deficiency, osteoporosis is characterized by progressive decline in

The patient doesn’t have much of an appetite and
avoids dairy, fish, and fatty foods because they make
him feel queasy.
Is this patient at risk of vitamin D deficiency?
Yes. His risk factors include his age, diet low in vitamin
11

bone density due to bone lost to unbalanced bone remodeling. The treatment for osteomalacia is vitamin D;
the treatment for osteoporosis is an antiresorptive or
anabolic agent.

There are many FDA-approved medications available for male patients with osteoporosis. Options
range from daily oral alendronate to yearly injectable zoledronic acid and the daily injectable anabolic,
teriparatide.

What are the options for treatment?
First, the patient’s calcium and vitamin D deficiencies
need to be corrected. He is prescribed 1200 mg calcium and 10,000 IUs vitamin D to be taken daily for
2 months. Next, because primary osteoporosis is relatively rare in men, the clinician looks for correctable
secondary causes of bone loss.

The clinician discusses the options for treatment. The
patient decides on yearly infusions of zoledronic acid
and schedules his first infusion.
Are there additional measures that can be taken to
help this patient avoid fracture?
Yes. Falling is a significant risk for this patient due to
his low activity level and fragile bones. The vast majority of fractures in patients with low bone density occur
as the result of falls. Preventing falls means preventing
fractures.

Are there “red flags” in the patient’s history?
Taken together, the patient’s history of weight loss and
digestive discomfort strongly suggest the possibility of
celiac disease. The patient is tested for celiac disease.
Results are positive. The clinician refers him to a nutritionist for guidance on gluten-free eating.

The clinician refers the patient to a physical therapist
for muscle strengthening and weight-bearing program
of exercise. Physical therapy that includes principles of
safe movement and exercise to build muscle strength
and improve balance will help him avoid falls and additional vertebral fractures in the course of daily activities. The order for physical therapy includes a request
for instruction on fall proofing the home environment.
In addition to physical therapy, the patient is referred to
an ophthalmologist to address any vision impairment, a
known risk factor for falling.

What follow up should be done?
To ensure that he is reaches optimal serum 25(OH)D
and other chemical indices, follow-up blood chemistry
should be done after 3 to 4 months.
The patient has bone specific chemistries run. His
25(OH)D is 56 ng/mL, PTH is normal, and serum calcium is 9.3 mg/d.
What further interventions should be made at this
point?
Correction of vitamin D deficiency has been demonstrated to increase bone mass in severely deficient cases
such as this. However, it may not be enough to protect
against fracture.

Case 2: 77- Year-Old Caucasian Woman in
Nursing Home
The second case we will discuss is a 77-year-old
woman who has resided in an assisted living complex
for five years since breaking a hip, which was surgically
repaired with no complications. The patient is 5´2˝ and
weighs 190 pounds. Since her hip fracture, the patient
has used a walker. At the time of her fracture, she was
prescribed daily oral alendronate for osteoporosis. She
reports having discontinued it after a few months due
to gastric upset. She has now been referred for bone
loss evaluation and potential treatment.

How can the clinician determine if the patient is
still losing bone?
The patient can have biochemical markers of bone
turnover measured, such as bone-specific alkaline phosphatase. Biomarkers above reference values in a setting
of replete vitamin D point to elevated bone resorption
and continued bone loss.
The patient’s bone specific alkaline phosphatase (BALP)
is measured. His BALP level is lower than before vitamin D supplementation but is still high at 355 U/L,
indicative of osteoporosis.

What risk factors does this patient have for vitamin
D deficiency?
The patient has several risk factors for compromised
vitamin D: her age, her lack of sun exposure, and
her obesity. She is tested for serum 25(OH)D, serum
calcium, and PTH and found to have a low serum calcium (6.5 mg/dL) and very low circulating 25(OH)

What are the patient’s therapeutic options to
preserve bone and prevent fracture?
12

D (8 ng/mL). Her PTH is high at 300 pg/mL and her
phosphorus is low normal (2.8 mg/mL). Her spine and
hip DXA measurements show T-scores of -3 and -3.5
respectively.

Support NOF . . . . . . . . . . . . .
Join us in the fight against osteoporosis

NOF depends on the generosity of individuals who
recognize our important work educating the public
and health professionals alike on how to prevent,
diagnose and treat osteoporosis.

What impact could her 25(OH)D status have on
osteoporosis therapy?
Optimal vitamin D repletion is necessary to maximize
response to antiresorptives in terms of BMD and antifracture efficacy. In studies, vitamin D deficient and
vitamin D repleted subjects differed significantly for
annualized spine and hip BMD changes adjusted for all
available confounding factors (type of treatment, age,
calcium intake, baseline BMD values, etc.).70

There are many ways to support NOF in its mission
to defeat osteoporosis:

Individual Giving

Your gift will help us provide better care and
support for the most vulnerable – those who
have suffered a fracture – and to protect future
generations from this debilitating disease

What treatment is recommended?
Because the patient is obese, a higher dose of vitamin D
will probably be required to raise her deficient circulating 25(OH)D level to the optimal range. The patient
is prescribed 50,000 IUs/day vitamin D and 1000 mg
calcium (in split dose) for three months.

Recurring Gift

By giving a little each month to sustain NOF
throughout the year, you can make a big impact
in our efforts to start conversations about bone
health and family health history in order to
elevate osteoporosis to an issue of national
concern. Your support will help us reach our goals
of better treating and ultimately preventing
osteoporosis.

What follow-up would be recommended?
The patient’s labs are rechecked in one month to assess her vitamin D and calcium status. If it is normal,
she will be started on monthly oral risedronate and her
vitamin D supplementation reduced to 2000 IU daily
(with 1000 mg calcium).

Memorial and Tribute Gifts

Give a tribute or memorial gift honoring the
memory of friends and loved ones. For all gifts
made, NOF will send appropriate notification to
the honoree or to the family of the deceased on
your behalf and you will receive acknowledgment
of your gift either online or through the mail.

If she tolerates the risedronate and her labs show improvement in 25(OH)D (30ng/mL), her regimen will
be maintained, with a planned follow-up twice yearly.
Are there any other interventions recommended?
The patient is referred to the in-house exercise classes
in her assisted living complex. She is encouraged to
spend time outdoors and to improve her overall activity level in a supervised setting. She is also referred to
the in-house nutritionist for guidance on a healthy diet.

Planned Giving

NOF offers a variety of planned giving options.
Planned giving allows supporters to leave gifts
to NOF at death or to invest gifts during their
lifetime. Investing during your lifetime allows you
to receive the benefits while you are alive and
bequest the remaining funds to NOF at the time of
your death.

Summary
Vitamin D plays a complex role in calcium homeostasis, PTH regulation, and promotion of overall health.
Maintenance of serum 25(OH)D levels is critical to
skeletal health and is influenced by multiple factors, endogenous and exogenous to the individual.

Visit www.nof.org today to make your
tax-deductible donation.
The National Osteoporosis Foundation is a qualified 501(c)
(3) tax-exempt organization and all donations to the organization are tax deductible.

Vitamin D deficiency is widespread in the U.S. The
elderly and institutionalized are at particularly high
risk for severe deficiency. Resulting low bone density
13
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NOF is the  nation’s leading
resource for up-to- date,
medically sound information
and materials on all aspects of
bone health and osteoporosis for
clinicians and their patients. Professional
Membership — to connect with all that
NOF has to offer — is available at three levels:

Professional Partners Network® (PPN)
—Individual
For individual physicians and advanced practice
clinicians (nurse practitioners and physician
assistants) who evaluate and initiate the
treatment of osteoporosis patients or allied
health professionals who would like access to the
additional benefits offered for this membership
category.
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For medical practices and centers with individual
clinicians (nurse practitioners and physician
assistants) who evaluate and initiate the treatment
of osteoporosis patients.
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bone health.
For more inforamtion, please visit www.nof.
org or contact NOF at membership@nof.org or
202/223-2226.

and fractures may indicate osteomalacia, osteoporosis,
or both. Ensuring appropriate patient care requires
accurate vitamin D measurement and correction of
any D deficiency before diagnosis and treatment of
osteoporosis.
Additional research is needed to clarify the many unanswered questions about the full effects and function of
vitamin D in human health.
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resources
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org under Connect to Our Community
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NOF provides all support groups leaders with
excellent resources including:
• Support group manual — A comprehensive
guide to help you start, promote and conduct
successful support group meetings.
• Free educational materials — NOF will provide
brochures, information sheets, quarterly
newsletters, PowerPoint presentations, posters
and more.
• Networking opportunities — NOF will connect
you with other support group leaders to help
you network and exchange ideas.
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223-2226 or toll free at (800) 231-4222.
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Osteoporosis International
Osteoporosis International is the leading scientific journal for
clinical research in osteoporosis and related bone diseases.
Published monthly, the journal is an international, multidisciplinary joint initiative of NOF and the International
Osteoporosis Foundation.
Free Subscription for NOF Professional Members

NOF STORE: Order Education Materials for Your Patients
Member Discount on All Purchases

How Strong Are Your Bones?
This brochure helps people understand osteoporosis, their
risk factors for the disease and the importance of bone
healthy behaviors. It explains bone density testing and
includes information on when to have a bone density test,
what the results mean and when to consider treatment.

A Guide to Osteoporosis Medicines
This brochure will help you better understand your
osteoporosis treatment options. It provides information on
the osteoporosis medicines approved by the U.S. Food and
Drug Administration (FDA), discusses factors to consider
when making a treatment decision and the issues you may
face in staying with a treatment plan.

Boning up on Osteoporosis: A Guide to Prevention and
Treatment
This 100+ page patient care handbook offers up-to-date
information on the prevention, diagnosis and treatment of
osteoporosis.
Free printable downloads and discounts on print patient
education publications for NOF Professional Members
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