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ABSTRACT

dequate vitamin D status is necessary and beneficial for health, although deficiency plagues much of the
orld’s population. In addition to reducing the risk for bone disease, vitamin D plays a role in reduction
f falls, as well as decreases in pain, autoimmune diseases, cancer, heart disease, mortality, and cognitive
unction. On the basis of this emerging understanding, improving patients’ vitamin D status has become
n essential aspect of primary care. Although some have suggested increased sun exposure to increase
erum vitamin D levels, this has the potential to induce photoaging and skin cancer, especially in patients
t risk for these conditions. Vitamin D deficiency and insufficiency can be both corrected and prevented
afely through supplementation.

ublished by Elsevier Inc. • The American Journal of Medicine (2009) 122, 793-802
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itamin D is essential for a vast number of physiologic
rocesses, and as such, adequate levels are necessary or
dvantageous for optimal health. However, deficiency of
itamin D is now recognized as a pandemic with more than
alf of the world’s population currently at risk.1,2 Although
itamin D previously was thought to exert most of its
enefit through calcium homeostasis and prevention of bone
isease (ie, rickets, osteomalacia, and osteoporosis), it also
as been shown to induce cellular differentiation, inhibit
ngiogenesis, and possibly reduce the invasiveness and met-
static potential of tumors.3,4 It seems that serum levels
eeded to prevent bone disease might be less than those
eeded for optimal health.

Because vitamin D can be synthesized by the skin after
xposure to ultraviolet B light, increasing recognition of its
mportance has led some health care providers to recom-
end increased sun exposure. This article will review vita-
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in D’s role in health and disease (Table 1), and discuss
reatment options for hypovitaminosis D.

ITAMIN D PHYSIOLOGY
here are 2 main forms of vitamin D: vitamin D3 (chole-
alciferol) and vitamin D2 (ergocalciferol).5 Vitamin D3 is
ormed in the skin, after exposure to ultraviolet B radiation,
rom 7-dehydrocholesterol that resides in cell membranes.6

itamin D2 is obtained through irradiation of ergosterol in
lants, analogous to human production from sunlight, and
nters our circulation through diet.7 Similar to vitamin D2,
itamin D3 also is available from animal sources, such as
od liver oil, salmon, mackerel, and herring.2,8 Certain
oods in the United States are fortified with vitamin D, such
s milk, yogurt, cheeses, various breads, and some juice
roducts.2 Fortified milk is the most readily available di-
tary source, but physiologic and cultural barriers may
inder its consumption.9 Only a small number of foods
aturally contain vitamin D, and even those fortified with
itamin D are frequently insufficient to fulfill the require-
ent for children or adults, unless large amounts are con-

umed.2 For example, there is typically only 100 IU of
itamin D in an 8-ounce serving of fortified orange juice or
ilk or in a half teaspoon of cod liver oil.1,8 Three and a half

unces of farmed salmon contains approximately 100 to 250

U of vitamin D per serving.2 Therefore, one would need to

mailto:Daniel.federman@va.gov
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rink at least 2 servings of juice or milk daily or a minimum
f 3.5 ounces of salmon for recommended daily amounts.

After vitamin D is ingested from the diet or synthesized
n the skin, it is metabolized in the liver to a biologically
nactive 25-hydroxyvitamin D, 25(OH)D, which is the ma-
or circulating form of vitamin D.
t is this form of vitamin D that is
sed to determine a person’s vita-
in D status.2,5 Through hydroxy-

ation by 1�-hydroxylase, 25(OH)D
s subsequently converted to a
iologically active form, 1,25-dihy-
roxyvitamin D (1,25(OH)2D), pri-
arily in the kidneys.1 1,25(OH)2D

s then able to interact with vitamin
receptors in the intestine and

one to augment intestinal cal-
ium absorption and mobilize oste-
clast activity.10 Because they ex-
ress 1�-hydroxylase, non-calcium
egulating tissues, such as the pros-
ate, colon, and breast, locally
onvert 25(OH)D to 1,25(OH)2D,
hich has the potential to regulate
p to 200 genes to facilitate cell
rowth and differentiation, and to
ossibly decrease the risk of cell
ransformation into a malignant state.1,2,11 In addition, the
itamin D receptor is present in most tissues and cells in the
ody, allowing 1,25(OH)D to be one of the most potent reg-
lators of cellular growth in both normal and cancer cells.12

CLINICAL SIGNIF
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Table 1 Effects of Vitamin D33,35,43,45-47,49,52,56-58,60,65,68,72

one Decreases the risk of osteoporotic fractures
alls May retard sarcopenia and decreases the

risk of falls
ain Decreases neuropathic pain in type 2

diabetes mellitus
utoimmune
isease

Decreases the risk of multiple sclerosis,
rheumatoid arthritis, and type 1 diabetes
mellitus

ancer Decreases the risk of colorectal cancer and
leukemia

Decreases the total cancer incidence and
mortality

Decreases digestive system cancer
incidence and mortality

Decreases the incidence of breast cancer
eart disease Decreases the risk of myocardial infarction

Decreases vascular calcification
ortality Decreases total mortality
ognitive function Increases cognitive function

Improves depression and seasonal affective
disorder
p

As stated previously, one’s vitamin D status is deter-
ined by measuring 25(OH)D levels, although the cutoff

alue for deficiency, which has changed over recent years,
emains controversial.2 This is at least partially due to dis-
repancies in assay methodology and variability in vitamin

D concentration by geographic
variability.13 An emerging con-
sensus among those with an inter-
est in vitamin D deficiency is that
a 25(OH)D concentration less
than 20 ng/mL is an indication of
vitamin D deficiency, 21 to 29
ng/mL suggests vitamin D insuf-
ficiency, and greater than 30
ng/mL specifies sufficiency.2 By
using these levels, it is estimated
that one billion people worldwide
have either vitamin D deficiency
or insufficiency.14 In the United
States alone, vitamin D inade-
quacy has been reported in ap-
proximately 36% of otherwise
young healthy adults and up to
57% of general medicine inpa-
tients, with even higher numbers
in Europe.15

Vitamin D is important in cal-
ium homeostasis and musculoskeletal health. Without vi-
amin D, only 10% to 15% of dietary calcium and approx-
mately 60% of phosphorus will be absorbed.14 The
fficiency of calcium absorption is increased by 30% to
0%, and phosphorus by 80%, with the interaction of
,25(OH)2D to its receptor.14

PIDEMIOLOGY AND HIGH-RISK POPULATIONS
ertain populations are at higher risk for vitamin D defi-
iency. Hispanics, blacks, and those with a higher body
ass index have higher rates of vitamin D deficiency.16 As
group, obese individuals have lower levels of 25(OH)D
hen compared with non-obese individuals.17 The increase

n serum vitamin D3 was 57% less in obese than in non-
bese individuals 24 hours after a single suberythemic dose
f ultraviolet B. Because vitamin D is fat soluble and readily
tored in adipose tissue, it is possible that subcutaneous fat
n obese individuals sequestered more of the vitamin D3

ynthesized in the skin. When these same individuals were
hallenged with a single oral dose of 50,000 IU vitamin D2,
ody mass index was inversely associated with peak serum
itamin D2 concentrations. Therefore, an obese individual
ight require more vitamin D to have the equivalent

5(OH)D increase as a lean individual. Given that 69 mil-
ion Americans are labeled as obese or extremely obese,
itamin D deficiency in this population is particularly
orrisome.18

Although darker skin protects against skin cancer and
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795Stechschulte et al Vitamin D Supplementation
iency. The National Health and Nutrition Examination
tudy reported that 4.2% of white women compared with
pproximately 42% of African American women of child-
earing age had a serum 25(OH)D level � 15 ng/mL, pos-
ibly because of increased melanin concentration.19 Further-
ore, regardless of race, women using oral contraceptives

ad a higher mean 25(OH)D level than non-users. This
ight be attributed to the increased concentration of vitamin
binding protein from the estrogen component of oral

ontraceptives.20

Various other conditions have been reported to be asso-
iated with hypovitaminosis D, including poor dietary in-
ake, chronic renal and liver disease, and drugs that accel-
rate vitamin D clearance or impair its activation, such as
ifampin, certain anticonvulsants, and glucocorticoid the-
apy.21 The elderly, housebound, and nursing home resi-
ents are particularly vulnerable to deficiency. Maternal
itamin D status chiefly determines the vitamin D status of
fetus and newborn infant.22 Because this nutritional status

s important for the formation of tooth enamel, fetal skeletal
evelopment, and possibly general fetal growth and devel-
pment, vitamin D requirements during pregnancy are
igher than for the general population. Therefore, it has
een suggested that health care professionals recommend
dditional supplementation and should consider assessing
5(OH)D levels in pregnant women.23

ITAMIN D AND DISEASE

ones
itamin D deficiency results in an abnormal calcium-phos-
horus product leading to diminished mineralization of the
ollagen matrix, causing rickets in children and osteomala-
ia, osteoporosis, and an increased fracture risk in adults.14

utritional rickets can lead to bone pain and deformities,
otor development delay, or convulsions.24 Although rick-

ts are rare in the United States, osteoporosis affects 1 in 3
omen and 1 in 12 men.25 Fractures of the wrist, hip, and
ertebrae are the 3 main manifestations of osteoporosis and
n at-risk populations causes excess mortality, a consider-
ble economic burden, and a decrease in quality of life.25

As a person ages, the risk of developing an osteoporotic
racture increases. For example, 1 in every 2 women and 1
n every 4 men aged more than 50 years will experience an
steoporotic fracture at some point in their remaining life-
ime.26 As a result, in the elderly, vitamin D levels have
een suggested to be the best predictor of fracture risk.27 In
study of more than 500 individuals with hip fractures, 95%
ere found to be vitamin D deficient.28 A study of 82
atients with minimal trauma fracture found that all except
individuals had vitamin D levels less than 30 ng/mL.29

he most valid vitamin D trials have suggested that achieve-
ent of vitamin D sufficiency could reduce common osteo-

orotic fractures by 50% to 60%.30 In addition to vitamin D
eficiency, age, and gender, risk factors for osteoporotic
ractures include Asian or Caucasian ethnic origin, low

ody weight, low dietary calcium intake, cigarette smoking, h
xcessive alcohol consumption, long-term immobilization,
ow estrogen levels, glucocorticoid therapy, and low bone
ineral density.31 Because 25(OH)D concentrations decline
ith age, even increased supplementation is necessary in the
ajority of older individuals.32 The declining concentra-

ions are due to a decrease in the absorption of calcium,
roduction of vitamin D by the skin, and possible decrease
n vitamin D absorption with aging.32 A randomized trial
emonstrated that 800 IU/d, or 100,000 IU orally every 4
onths, of vitamin D3 for 5 years in patients aged 65 to 85

ears reduced fracture risk by one third at common osteo-
orotic sites and might reduce mortality.33

alls
keletal muscles require vitamin D for maximum function,
ith deficiency causing muscle weakness.34 1,25(OH)2D
inds to its receptor in muscle tissue allowing de novo
rotein synthesis, muscle cell growth, and improved muscle
unction.34 Furthermore, vitamin D deficiency is believed to
e one of many factors contributing to the development of
arcopenia, the degenerative loss of muscle with aging, and
ay be an independent risk factor for postural sway and

alls.35-37 A 22% reduction in fall risk has been found in
ndividuals receiving vitamin D treatment compared with
hose with placebo or calcium alone, with this benefit most
oticeably established in women (Table 3).35 Falls resulting
rom neuromuscular dysfunction are the largest single cause
f injury-related deaths in elderly people and lead to 40% of
ll nursing home admissions.38 Vitamin D supplementation
irectly improves neuromuscular function leading to a de-
rease in the number of falls, and therefore a decline in the
umber of fractures.38 In addition, vitamin D has been
ound to correlate with choice reaction time, a measurement
eflecting neuroprotective mechanisms such as central pro-
essing, cognition, and motor response.38 Vitamin D re-
lacement can lead to a considerable increase in choice
eaction time, and consequently less falls.39

ain
evere vitamin D deficiency, particularly with 25(OH)D

evels less than 12 ng/mL, leads to osteomalacic myopathy
haracterized by severe muscle weakness and pain, with
apid resolution of symptoms after vitamin D replace-
ent.40 Nonspecific musculoskeletal pain has been well

ocumented to occur before the onset of osteomalacia bone
ain in European immigrants and residents of Saudi Arabia,
ith women particularly at risk.9 In one study, it was de-

ermined that all outpatients with persistent, nonspecific
usculoskeletal pain, not meeting criteria for fibromyalgia,

eem to be at risk for severe hypovitaminosis D, as one
tudy found 90% of the study group deficient in 25(OH)D.9

eficient levels of vitamin D have recently been discovered
n US service members who have returned from Iraq
r Afghanistan presenting with chronic musculoskeletal
ain.41 As a result, it has been suggested that testing for

ypovitaminosis D should be undertaken in those with per-
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istent, nonspecific musculoskeletal pain.9 A suggested
echanism of this pain is that there is insufficient calcium

hosphate to mineralize the expanding collagen matrix of
one resulting in a rubbery matrix that is inadequate for
upport, but instead hydrates and expands.42 This creates an
utward pressure under the thoroughly innervated periosteal
overing.42 Vitamin D repletion in vitamin D-deficient type
diabetic persons with neuropathic pain results in a signif-

cant reduction in pain, allowing it to be a potential analge-
ic.43 There is evidence that vitamin D is a neurotropic
ubstance that modulates neuronal differentiation and
rowth and neuromuscular function, yet its role in diabetic
europathic pain is uncertain.43 It has been hypothesized
hat vitamin D insufficiency may impair nociceptor function
nd potentiate nerve damage, resulting in pain at a threshold
f serum 25(OH)D concentration higher than that in the
ondiabetic population.43

utoimmune Diseases
utoimmune diseases caused or exacerbated by vitamin D
eficiency have been a topic of much discussion since the
dentification of vitamin D receptors in cells involved in the
mmune response, and because of the discovery that acti-
ated dendritic cells produce vitamin D hormone.44 In a
ecent large prospective study, it was established that
omen who used supplemental vitamin D, mainly from
ultivitamins, had a 40% lower risk of multiple sclerosis

han women who did not take supplementation.45 Magnetic
esonance imaging demonstrated that low vitamin D levels
recede the occurrence of high lesion activity and that high
itamin D status precedes low lesion activity.45 Disease
everity of systemic lupus erythematous has been shown to
e correlated with lower vitamin D levels.44 Whether lower
itamin D levels cause disease or are a consequence of the
isease or its treatment is not clear. Deficiency could be due
o many factors in these patients, such as chronic steroid use
eading to altered vitamin D metabolism, renal involvement
rom systemic lupus erythematosus causing decreased
ydroxylation of 25(OH)D, or formation of anti-vitamin

antibodies in a subset of patients with systemic lupus
rythematosus.44

Data from the Iowa Women’s Health Study found that
reater intake of vitamin D may be associated with a lower
isk of rheumatoid arthritis in older women.46 Supplemental
itamin D demonstrated a stronger inverse association with
heumatoid arthritis development than did dietary vitamin
.46 Vitamin D treatment also has been shown to improve

nd prevent type 1 diabetes mellitus, with these effects
ttributed to the immunomodulatory actions of vitamin D.47

ne study found that treating children with 2000 IU/d
itamin D through the age of 1 year resulted in an 80%
ecreased risk of developing type 1 diabetes throughout the
ollowing 20 years.12 Those children deficient by age 1 year
ad a 5-fold increase in developing type 1 diabetes.12 Re-
ent evidence in the pathogenesis of type 2 diabetes sug-
ests that alterations in vitamin D status may affect insulin

ensitivity, beta-cell function, or both, given the discovery a
f vitamin D receptors in beta cells and the vitamin D-
ependent calcium-binding proteins in pancreatic tissue.47

itamin D is essential for normal insulin release in response
o glucose and for maintenance of glucose tolerance,
hereas deficiency results in decreased insulin secretion
ithout altering glucagon secretion.47 One study found that

erum levels of 25(OH)D less than 20 ng/mL result in
ecreased beta-cell function, whereas insulin sensitivity is
s much as 60% higher in persons with a 25(OH)D serum
evel of 30 ng/mL compared with those with levels �10
g/mL.48

ognitive Function
ncreasing evidence supports a role for vitamin D in brain
evelopment and function, including neuroprotection by
itamin D in vitro, quantification of vitamin D receptors
n the brain, and down-regulation of vitamin D receptors
n hippocampal cells in Alzheimer’s disease.49 Neuropro-
ection may be conferred through immunomodulation,
euronal calcium regulation, antioxidative mechanisms,
nhanced nerve conduction, and detoxification mecha-
isms.50 In one study of older adults without functional
isability, it was found that vitamin D deficiency was
ssociated with worse performance and low mood on 2
easures of cognitive function.49 Furthermore, a retro-

pective review of older adults presenting with memory
roblems found a positive, significant correlation be-
ween serum 25(OH)D concentration and Mini Mental
tatus Exam results suggesting a potential role for vita-
in D in cognitive function of older adults.51 A cross-

ectional study of patients with Alzheimer’s disease
ound that those with sufficient vitamin D levels had
ignificantly higher Mini Mental Status Exam scores than
hose with insufficient vitamin D levels.52

Additional studies have found that depression and sea-
onal affective disorders have improved with vitamin D
upplementation, although until recently a consistent corre-
ation between vitamin D levels and depression had not
een found.49 In a large population-based study, it was
ound that both depression and depression severity are
trongly associated with lower serum 25(OH)D and higher
arathyroid hormone levels, although further studies are
eeded to determine if this is a cause or consequence of
epression.53

ancer
bservations demonstrating longer survival for patients di-

gnosed with certain malignancies during summer months
han winter months, as well as higher cancer mortality with
ncreasing distance from the equator, have led investigators
o study the association of hypovitaminosis D and can-
er.54,55 Further studies have been undertaken and com-
leted as a result of reports that demonstrated that
,25(OH)2 is antiproliferative and can promote cell differ-
ntiation, induce apoptosis, inhibit telomerase expression,

nd suppress tumor-induced angiogenesis.8
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Many studies have looked at vitamin D and cancer inci-
ence. A recent meta-analysis found that a serum 25(OH)D
evel greater than 33 ng/mL was associated with a 50%
ower risk of colorectal cancer incidence compared with
hose with levels less than 12 ng/mL.56 Garland et al57

rojected that 50% of North American colon cancer inci-
ence could be prevented by maintaining a lifelong serum
5(OH)D level greater than 34 ng/mL, and that breast
ancer incidence could be reduced by 30% with lifelong
aintenance of 25(OH)D greater than 42 ng/mL. A 60%

ecrease in all-cancer risk was revealed in a trial of postmeno-
ausal women receiving calcium plus 1000 IU of vitamin D
aily compared with the placebo arm.58 A further study of
atients referred to coronary angiography found that low levels
f 25(OH)D are associated with an increased risk of fatal
ancer, suggesting that vitamin D supplementation may be
romising in the prevention or treatment of cancer.59 In the
ealth Professionals Follow-Up Study, it was discovered that

dequate levels of vitamin D are associated with a 17% reduc-
ion in total cancer incidence, a 29% reduction in total cancer
ortality, and a 43% and 45% reduction of digestive-system

ancer incidence and mortality.60 The strongest inverse rela-
ionship in this study was found between low vitamin D and
isk for all oral or pharyngeal cancers, with a relative risk of
.30.47 In addition, it was found that adequate levels of vitamin
are associated with a reduced risk of developing leukemia.60

hese data followed a case report in which adequate vitamin D
ntake, without further treatment, was associated with clinical
emission of chronic lymphocytic leukemia for at least 16
ears.60,61

Patients with colorectal cancer with a mean prediagnosis
5(OH)D level of 40 ng/mL have been found to have a
onsiderable decrease in mortality.62 In recent years, it has
een suggested that decreased levels of 25(OH)D contribute
o melanoma progression and pathogenesis because of mel-
noma’s responsiveness to the antiproliferative and prodif-
erentiation effect of 1,25(OH)2.63,64 Another recent review
f randomized controlled trials using supplementation with
itamin D found that although those given vitamin D were
o more likely to be diagnosed with cancer than those given
lacebo, they were less likely to die of the cancer.65

eart Disease
cologic studies have suggested that ultraviolet light and
itamin D also might have a role in cardiovascular dis-
ase.66,67 In a recent cohort study, it was found that low
evels of vitamin D were an independent risk factor for
yocardial infarction in men.68 More specifically, levels

f 25(OH)D greater than 30 ng/mL decreased the risk of
yocardial infarction by 50% in the population studied.68

s a potential mechanism, vitamin D affects blood pres-
ure through the reticular activating system, vascular
alcification, smooth muscle cell proliferation, and in-
ammation.68 Experimental and clinical data have found

hat vitamin D deficiency directly promotes the develop-
ent of hypertension, whereas vitamin D supplementa-
ion has led to reductions in blood pressure.69 Because of i
ts potent effects on vascular endothelial cells, vitamin D
eems to confer cardioprotection.70 Data from the Third
ational Health and Nutrition Examination Survey dem-
nstrated a significant association between low vitamin D
evels and increased cardiovascular disease risk factors,
nd another study suggested that moderate to severe
itamin D deficiency is a risk factor itself for developing
ardiovascular disease.69,71 Another study found that
igher serum 1,25-vitamin D levels were associated with
ower amounts of vascular calcification and suggested
hat 1,25-vitamin D may directly inhibit vascular calci-
cation.72 Further studies found that increased serum
arathyroid hormone with lower vitamin D levels was
ndependently associated with calcific aortic stenosis in
atients with significant coronary artery disease without
enal disease, suggesting that dysregulation of calcium
etabolism might be involved in aortic stenosis patho-

enesis.73 In patients who are undergoing hemodialysis
nd have secondary hyperparathyroidism, it was found
hat intravenous calcitriol significantly reduced myocar-
ial hypertrophy.74 This might be due to the effect of
alcitriol on myocardium, calcitriol affecting the renin-
ngiotension system, or the direct effect of parathyroid
ormone on heart muscle.74

ortality
hether because of the panoply of vitamin D effects or a

ingular effect, there seems to be sufficient evidence to
onclude that vitamin D supplementation decreases total
ortality.65 In addition to the previously cited study, a

ecent meta-analysis of 18 randomized trials on vitamin D
scertained that individuals assigned to the vitamin D arms
ad a 7% reduction in mortality from any cause.72 Another
ecent study of patients referred for coronary angiography
ho were followed for more than 7 years found that those
ith baseline 25(OH) vitamin D levels in the lower 2
uartiles had higher all-cause and cardiovascular mortality
han those in the higher quartiles.75

REATMENT CONSIDERATIONS

ltraviolet Radiation
lthough increasing sun exposure may increase vitamin D

evels, for many individuals, especially those with fair skin,
his can occur at the price of increased risk. Ultraviolet
adiation from the sun not only causes photoaging but also
s an environmental carcinogen, with acute and chronic
xposure increasing the risk for skin cancer.8,76 At present
ates in the United States, 1 in 5 people will develop a skin
ancer during their lifetime.77 There are 3 major types of
kin cancer: basal cell carcinoma is the most common,
ollowed by squamous cell carcinoma, and last, melanoma,
he most fatal form.78 Approximately 1,200,000 non-mela-
oma skin cancers develop each year in the US population,
0% of which are basal cell cancers.79 Cutaneous melanoma

s the most rapidly increasing cancer in white populations,
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hereas the majority are caused, at least in part, by exces-
ive exposure to sunlight.80

Although for melanoma and basal cell carcinoma, epi-
emiologic and experimental evidence suggests a role for
cute sun exposure, the evidence for chronic sun exposure
s a causal role for squamous cell carcinoma is vast. In the
atter case, areas of the body where skin cancer develops
ppear to be related to the amount of sun exposure received
n those sites.81 Therefore, the risk for squamous cell car-
inoma is related to cumulative ultraviolet exposure.77

lthough squamous cell carcinoma uncommonly causes
eath, it is a leading cause of mortality among transplant
ecipients.82 Occurrence on sun-exposed areas such as the
ace in any individual can be disfiguring.83

Although melanoma is seen more frequently in men than
n women and with increasing age, it is the most frequent
ancer in women aged 25 to 29 years, and the second most
requent cancer in women aged 30 to 34 years.83 Approxi-
ately 15% of melanomas prove to be fatal.82 Overall, the

isk for melanoma is directly related to annual ultraviolet
xposure.77 Although as previously noted, acute sunburn at
ny age has been associated with an increased risk of
elanoma.78

Individuals found to be at an elevated risk for melanoma
nclude those who are most sensitive to the sun with light
kin, hair, and eye color, and those with the inclination for
he skin to burn rather than tan when exposure to ultraviolet
ight.84 The presence and number of acquired melanocytic
evi and freckling also increase the risk.84 One study found
hat early life spent in high-sunlight southern states gave an
ncreased risk of melanoma as adults, even in subjects who
ater moved to low-sunlight states.7 Migration studies to
ustralia have found similar results, showing that childhood
igration may be more important in the risk for melanoma

han the total number of years spent in Australia.85 This has
uggested that exposure in early life may be important in
etermining later risk for melanoma.84

Ultraviolet radiation-induced photoaging is associated
ith wrinkles, blotchy pigmentation, freckling, laxity, a
ellow hue, roughness, and telangiectasias.86,87 Short-term
amage to the skin, the immediate response to ultraviolet
ays, presents clinically as tanning, burning, blistering, or
eeling.82 Histologically, the dermis becomes filled with an
morphous mass of deranged elastic fibers, blood vessels
ecome dilated and tortuous, collagen fibers become disor-
anized, inflammatory cells are increased, and keratinocytes
ecome irregular with loss of polarity.20 It is important to
ote that those with darker skin types are less likely to
evelop skin cancer and photoaging, and they can require
onger sun exposure to synthesize vitamin D than less
arkly pigmented individuals.19,88

Despite differences in vitamin D levels among more
arkly pigmented populations, there has been no evidence
hat regular sunscreen use causes vitamin D insufficiency or
eficiency in otherwise healthy adults.8 Because of their
000-fold risk of sunlight-induced skin cancers, patients

ith xeroderma pigmentosum are advised to constantly pro- D
ect themselves from the sun by wearing sun-protective
lothing, minimizing daylight time outdoors, and continu-
lly using sunscreen.89 A study of 8 patients with xeroderma
igmentosum participating in such measures, while continu-
ng their normal diet, found 25(OH)D levels to remain in the
ow to mid-normal range.89 A prospective study investigat-
ng the effect of SPF-17 sunscreen on vitamin D levels
ound no statistically significant difference in 25(OH)D
evels between those in the sunscreen group versus those in
he control group.90 Although all participants were advised
o avoid the sun mid-day and to wear sun-protective cloth-
ng, no individual was found to be vitamin D deficient or
nsufficient.

reatment
itamin D3 has been found to be 2 to 3 times more effective

n increasing blood levels of 25(OH)D than the equivalent
ose of vitamin D2.13 Because vitamin D3 is formed after
xposure to ultraviolet radiation, some have advised against
trict sun protection as a way to curtail deficiency.91 How-
ver, vitamin D deficiency can occur even in the presence of
bundant sun exposure.13 Fifty-one percent of adults in
awaii receiving at least 3 hours of sun daily for a mini-
um of 5 days per week had serum 25(OH)D levels less

han 30.13 Furthermore, Levis et al92 found that 39% am-
ulatory adults studied living in south Florida, an area at
ubtropical latitude with year-round warm, sunny weather,
ere vitamin D deficient. In addition, a study conducted to

ssess 25(OH)D levels in more than 600 residents of south-
rn Arizona, another region with high sun exposure, found
hat approximately 25% of the adult population were vita-
in D deficient.16

Although cutaneous vitamin D production exists with
ltraviolet exposure, its synthesis varies with factors other
han time spent outdoors, such as level of skin pigmentation,
eason, latitude, body mass, cloud coverage, air pollution,
ge, and the amount of skin exposure.89 Therefore, it might
e overly simplistic to recommend a universal time frame
or adequate vitamin D synthesis, without considering all
f the above variables and negative effects of ultraviolet
adiation.

Oral supplementation has been found to effectively and
eliably increase circulating vitamin D to the recommended
evels, suggesting that unnecessary intentional ultraviolet B
xposure can be prevented (Table 2).93 The American
cademy of Dermatology recently released its position

tatement on vitamin D recommending “that an adequate
mount of vitamin D should be obtained from a healthy diet
hat includes foods naturally rich in vitamin D, foods/bev-
rages fortified with vitamin D, and/or vitamin D supple-
ents; it should not be obtained from unprotected exposure

o ultraviolet (UV) radiation.”94

Evidence has shown that supplementation can correct
oth vitamin D deficiency and insufficiency, except in
hose with gastrointestinal malabsorption as the cause.8

n the case of malabsorption, hypophosphatemic vitamin

-resistant states, or chronic renal insufficiency, patients
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ill likely require injectable or oral calcitriol along with
ral supplements of vitamin D.36 The Institute of Medi-
ine currently recommends that all children and adults up
o the age of 50 years receive 200 IU vitamin D per day,
dults aged 51 to 70 years receive 400 IU vitamin D per
ay, and those aged more than 71 years receive 600 IU
itamin D per day.95

Postmenopausal women, obese people, and those with
at malabsorption or other risk factors might need sup-
lementation of at least 800 to 1000 IU vitamin D per
ay.14,96 For instance, a meta-analysis of elderly individ-
als and fracture prevention found that 400 IU vitamin D
er day failed to manipulate fracture incidence, whereas
00 to 800 IU vitamin D per day reduced all fractures by
3% and hip fractures by 26%.97 At currently accepted
evels for sufficiency, a minimum daily intake of 2600 IU
f vitamin D3 would meet the needs of 97% of United
tates residents at risk for bone loss.30 Supplementation
ith 1000 IU per day can be assumed to result in a 10
g/mL elevation of serum 25(OH)D when given over 3 to
months.98 Therefore, a healthy, normal-weight individ-

al with a 25(OH)D level of 10 ng/mL may require 2000

Table 2 Recommended Supplementation Alternatives36,99-108

ood and Drugs
International Units
Per Serving

od liver oil, 1 tablespoon 1360
ackerel, 3.5 ounces 345
ardines, 1.75 ounces 250
una fish, 3 ounces 200
uaker Nutrition for Women Instant
Oatmeal (Quaker Oats, Chicago, Ill)

154

range Juice-Vitamin D fortified, 8
ounces

100

ilk-Vitamin D fortified, 8 ounces 98
argarine, fortified, 1 tablespoon 60
ature Made Vitamin D (Nature Made,
Mission Hills, Calif)

1000

entrum Multivitamins (Wyeth,
Madison, NJ)

400-500

ne-A-Day Multivitamins (Bayer,
Garden Grove, Calif)

400-800

IACTIV Multivitamins (McNeil
Nutritionals, Ft. Washington, Penn)

400

eil Nutritional Supplement Vitamin D
(Weil Lifestyle, Phoenix, Ariz)

1000

rgocalciferol-oral 400-800 daily
rgocalciferol-oral 50,000 twice weekly

for 5 wks
rgocalciferol-IM 500,000 1 time
OSAMAX PLUS D (Merck, Whitehouse
Station, NJ)

5600 once weekly

s-cal 500 � D (GlaxoSmithKline,
Pittsburgh, Penn)

200

s-cal 500 � Extra D (GlaxoSmithKline,
Pittsburgh, Penn)

400
U vitamin D per day to achieve a serum level of 30
g/mL.98 In addition, the dose of vitamin D required to
epair vitamin D deficiency differs significantly from
itamin D-sufficient patients requiring only mainte-
ance.36 Unlike the previously stated dosages to maintain
ufficiency, vitamin D deficiency can be treated with
0,000 IU of vitamin D2 twice weekly for 5 weeks or a
ingle intramuscular dose of 500,000 IU vitamin D2.36

Although serum 25(OH)D is the best indicator of vitamin
status, clinical measurement has posed some difficulty

ecause individual results are highly laboratory depen-
ent.99 On the basis of between laboratory bias and assay
ariability, an evaluation of 25(OH)D measurement sug-
ested that a single laboratory result could vary by as much
s 20% from the real value.99 As a result, it has been
roposed that clinicians consider using 35 to 40 ng/mL as a
herapeutic goal to ensure a sufficient vitamin D status.99

verall, it has been proposed that every individual at risk,
egardless of absent physical symptoms, be screened for
eficiency by obtaining a 25(OH)D measurement at least
wice yearly.99

ONCLUSIONS
itamin D deficiency remains an evolving, worldwide
ealth concern contributing to a multitude of disease enti-
ies, whereas vitamin D sufficiency is proving to be essential
or overall health and well-being. Although ultraviolet ra-
iation serves as an option to assist in increasing serum
itamin D levels, less harmful and more reliable alternatives
xist. Because ultraviolet radiation-induced skin cancer and
hotoaging are an increasing problem, we recommend vi-
amin D supplementation over deliberate sun exposure to
nsure adequate vitamin D levels, especially in fair-skinned
ndividuals. Mounting evidence has shown that it remains
ital for physicians and health professionals to counsel their
atients and ensure adequate intake to avoid the harmful
ffects of vitamin D deficiency.
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