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Accumulated research evidence suggests that vitamin D deficiency or insufficiency has
profound implications for health and well-being, compromising immune responses and
increasing the risk for osteoporosis, arthritis, diabetes, depression, cancer, and cardiovascular disease. Older adults, especially those who are housebound, are at increased
risk for vitamin D deficiency. In addition to sun avoidance and the use of sunscreen,
age, ethnicity, and obesity are risk factors for vitamin D deficiency. This article discusses the use of serum 25-hydroxyvitamin D to assess vitamin D needs and outlines current recommendations on appropriate interventions to improve vitamin D status in
older adults.
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Introduction

Vitamin D3 (cholecalciferol) is a fat-soluble vitamin essential for calcium, phosphate, and bone metabolism. It is
synthesized on exposure of skin to ultraviolet B (UVB) radiation, either from sunshine or artificial UV light. In the absence
of sufficient UV exposure, vitamin D
becomes a conditionally essential nutrient—that is, it must be obtained from the
diet or supplements.
The consequences of severe vitamin
D deficiency for basic bone health have
long been recognized and include rickets
in children and osteomalacia in adults.1
More recent evidence has established a
relationship between vitamin D status and
more subtle signs of musculoskeletal
health: stress fractures, muscle pain and

weakness, stiffness, and unsteady gait
(Table 1) are all associated with vitamin D
insufficiency. Better vitamin D status is
associated with a reduced risk of cardiovascular disease, diabetes, and cancer (see
Table 1).2,3 Dental health4 and pulmonary
function5 are superior in those with higher serum vitamin D levels. In older adults,
the risk of admission to a long-term care
facility is related to poor vitamin D status.6
Vitamin D status is predictive of all-cause
mortality, with the lowest blood levels (25hydroxyvitamin D <45 nmol/L) increasing the risk of death by 26%.7
Given the potential consequences of
inadequate vitamin D, it is concerning
that vitamin D deficiency is much more
common than previously thought, especially among older adults who are housebound.8

Vitamin D Synthesis and
Metabolism

The angle of the sun is critical for vitamin
D synthesis. At a large solar zenith angle,
ozone in the upper atmosphere completely blocks UVB radiation; in Canada,
skin synthesis is impossible from October
through March.9 Sunscreen (with a sun
protection factor [SPF] of 15) blocks virtually all vitamin D synthesis.10 Summer
noonday sun exposure in a bathing suit
without sunscreen for approximately 15
minutes produces an estimated 10,000 IU
of vitamin D. Continued sun exposure
does not produce toxicity since excess
vitamin D is destroyed by continued
UVB exposure (both previtamin D3 and
vitamin D3 are photolyzed to several
noncalcemic photoproducts), and a
steady state is maintained.9 The liver
metabolizes cholecalciferol into its circulating form, 25-hydroxyvitamin D
(25[OH]D), the stable vitamin D metabolite, and 25(OH)D accurately reflects vitamin D status.11
Cells expressing the enzyme 1-alphahydroxylase, primarily in the kidney, further
metabolize
25(OH)D
to
1,25-dihydroxyvitamin D (1,25[OH]2D).
This is the active hormonal form of vitamin D, which controls the expression of
more than 200 genes. In addition to its
role in calcium metabolism, it activates
genes controlling proliferation, differentiation, and programmed cell death
(apoptosis) in a variety of cells, including
epidermal, malignant tumour, and
immunoregulatory cells.12

Vitamin D Deficiency

Adequate vitamin D is needed to maintain normal serum calcium levels. If calcium levels drop, the secretion of
parathyroid hormone (PTH) occurs. This
increases the activity of the enzyme
25(OH)D-1-hydroxylase in the kidney,
which, in turn, increases 1,25(OH)2D production, normalizing serum calcium by
increasing intestinal absorption and kidney resorption of calcium. If there is
insufficient dietary calcium to maintain
normal serum calcium levels, PTH mobilizes calcium from bone stores.13 Secondary hyperparathyroidism is therefore
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Table 1: Impact of Poor Vitamin D Status on Disease Risk
Disease

Reference

Musculoskeletal Health
Rickets/osteomalacia

1

Osteoporosis

1

Osteoarthritis

24

Rheumatoid arthritis

31

Hip fractures and falls

1

Nonmusculoskeletal Associations
Dental health, gum disease

6

Pulmonary function

5

Type 1 diabetes

3

Type 2 diabetes and glycemic control

2

Hypertension

4

Stroke

21

Seasonal affective disorder

28

Multiple sclerosis

19

Parkinson’s disease

41

Breast cancer

42

Prostate cancer

43

Colorectal cancer

44

indicative of vitamin D deficiency. High
bone turnover, bone loss, mineralization
defects, and hip and other fractures are
also caused by vitamin D deficiency.8
Skin pigmentation is a risk factor for
vitamin D deficiency. Compared with
light-skinned individuals, very darkskinned individuals require approximately six times the sun exposure for
vitamin D synthesis.9 Genetic studies
indicate that some individuals may be
more susceptible to vitamin D deficiency
than others. A recent study in the United Kingdom showed that a combination of low vitamin D blood levels and
polymorphisms in the vitamin D receptor (VDR) gene increases the risk of breast
cancer in white women.14 Older adults
are at risk of vitamin D deficiency
because of age-dependent decreases in
epidermal concentrations of 7-dehydrocholesterol (previtamin D3—the precur-

sor molecule for cholecalciferol synthesis), having 50% lower skin production
compared with that of young adults.15
Obesity is an additional risk factor for
vitamin D deficiency, and an inverse relationship exists between serum 25hydroxyvitamin D and body mass
index.16 Concentrations of 25(OH)D are
associated with body composition variables, especially by body fat, independently of seasonal variability. Therefore,
body adiposity should be considered
when assessing vitamin D requirements
in obese patients.16

Vitamin D and Immunity

Vitamin D status has profound implications for immunity. Innate immunity,
responsible for mounting immune
responses to bacteria, viruses, and other
micro-organisms not previously encountered, is vitamin D dependent.17 In the
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lung, epithelial cells can generate active
vitamin D, which then influences the
expression of genes responsible for the
production of antimicrobial peptides and
inflammatory cytokines by neutrophils,
monocytes, and natural killer cells in
response to viruses.17 Because vitamin D
deficiency suppresses these innate
responses, it has been suggested that epidemic influenza could be a consequence.
Although the virus exists in populations
year round, influenza usually occurs in
winter when vitamin D stores bottom
out.18
Oral administration of vitamin D
may suppress autoimmune diseases such
as multiple sclerosis (MS), at least in animal models. Studies have shown that the
risk of MS decreases as serum vitamin D
increases.19 In MS, helper T lymphocytes
attack the myelin sheath of neurons, an
activity that 1,25(OH)2D attenuates.
One small clinical study among individuals with MS demonstrated that high
oral doses of vitamin D3 (up to 40,000
IU/d) are safe, normalize the elevated
PTH levels common in these patients,
and may have had a therapeutic effect.20
The number of gadolinium-enhancing
lesions per patient with MS assessed by
nuclear magnetic brain scan decreased
over a 28-week period from the initial
mean of 1.75 to the end-of-study mean of
0.83 (p = .03).20

Vitamin D and Chronic Disease
Risk

A growing body of evidence suggests a
link between low blood levels of vitamin
D and cardiovascular disease. In 3,316
patients who were referred for coronary
angiography, subjects with low vitamin D
levels were shown to be twice as likely to
have a heart attack, stroke, or other cardiovascular event during follow-up compared with those with higher vitamin D
levels. In this study, low vitamin D status
was predictive of future stroke in patients,
who were followed up for a median of 7.7
years.21 Low levels of 25(OH)D and
1,25(OH)2D are independently predictive
for fatal strokes, suggesting that vitamin
D supplementation is a promising
approach in the prevention of strokes.21

Vitamin D Deficiency in Older Adults
An inverse association exists
between baseline serum 25(OH)D and a
future risk of glycemia and insulin resistance.22 Vitamin D insufficiency as measured by serum 25(OH)D increases the
risk of osteoporosis and hip fractures,
and decreases the rate of bone loss; vitamin D repletion improves muscle performance, reducing the risk of falls and
the incidence of fracture.23 Poor vitamin
D status also plays a role in the development of osteoarthritis, a leading cause of
disability in older populations.24
Laboratory studies show that when
bound to the VDR, 1,25(OH)2D exerts
potent prodifferentiation, antiproliferative, antiangiogenic, and antimetastatic
effects on many types of tumour cells,
including prostate, colorectal, breast,
and ovarian cancer cells.25 Both normal
and neoplastic breast tissues express the
VDR. Several polymorphisms in the
VDR gene have been identified that are
associated with an increased risk of
breast cancer.14 These polymorphisms
interact with low serum levels of vitamin D, increasing the risk for cancer.26
Polymorphisms in the VDR gene also
appear to affect the risk of developing
melanoma, and it has been suggested
that sun exposure may have an antimelanoma effect.27
Vitamin D deficiency may also be
associated with depression. Seasonal
affective disorder typically occurs when
vitamin D stores are low; in one study,
improving 25(OH)D levels was significantly associated with an improvement
in depression scores.28 The results of a
large Dutch population–based study in
older individuals showed an association
between the presence and severity of
depression and serum 25(OH)D and
increased PTH levels.29 Treatment with
vitamin D supplements can ameliorate
depression in obese and overweight
adults, suggesting a causal relationship.30

Key Points
Vitamin D deficiency is a risk factor for a wide range of musculoskeletal and nonskeletal
conditions from osteoarthritis to diabetes, cardiovascular disease, depression, and cancer.
Innate immunity is vitamin D dependent, and epidemic flu may be related to poor
vitamin D status.
Obesity is an independent risk factor for vitamin D deficiency.
A lack of sun exposure and reduced skin capacity for vitamin D synthesis contribute to
a higher rate of vitamin D deficiency in older populations.
There is little evidence that intakes of supplemental vitamin D well above current
recommended daily intakes are harmful.

Increasing Vitamin D Intake
from Food and Supplements

Because of valid concerns about the risk
of skin cancer resulting from unprotected UV exposure, increasing one’s vitamin
D status through food or supplements,
instead of sun exposure, is generally
advised. Very few foods naturally contain vitamin D. Those that do include
fatty fish, liver, and egg yolks. Cod liver
oil, a rich source of vitamin D, has been
used in Europe to prevent rickets since
the 17th century. Some foods are fortified
with vitamin D, including milk products,
margarine, and some cereals, but the
amount of vitamin D in these foods is
low. For example, 10 glasses of milk a day
would be needed to meet the current
daily vitamin D intake of 1,000 IU recommended for older adults by the Canadian Cancer Society.31
Currently, there is no consensus on
vitamin D replacement regimens, nor is
there an agreed-upon optimal level of
serum 25(OH)D for health.32 Consequently, there is clinical uncertainty about
how to correct vitamin D deficiency. Two
forms of vitamin D supplements are
available—D3 (cholecalciferol) and D2
(ergocalciferol). Vitamin D3 is derived
from animal sources and is identical to

Clinical Pearl
The stable metabolite of vitamin D in blood—25(OH)D—accurately reflects vitamin D
status and should be a routine part of an annual physical examination for older adults.
Test from late fall through early spring to uncover potential seasonal shortfalls.

the cholecalciferol produced in human
skin, whereas D2 is derived from fungal
or plant sources. Until recently, both these
forms of vitamin D supplements were
considered equivalent. In clinical settings,
vitamin D2 is frequently used to treat
vitamin D deficiency. However, recent
studies have shown that the potency of
vitamin D2 is less than one-third that of
vitamin D3.33 Physicians resorting to use
of vitamin D2 should be aware of its
markedly lower potency and shorter
duration of action relative to vitamin
D3.33 Vitamin D3 is the usual form found
in multivitamins and health food store
supplements.
Currently in Canada, the recommended supplemental intake for adults
aged 50–70 is 400 IU and for those 71
years and older is 600 IU.34 However,
these recommendations have been criticized as inadequate.35 Supplemental
doses of 400–800 IU/d have not shown
therapeutic benefits or significant
improvements in 25-hydroxyvitamin D
levels in older individuals.36,37 Recently,
normal ranges for 25(OH)D in Canada
have been changed from 25–100 nmol/L
to 75–250 nmol/L to reflect new research
showing 75 nmol/L to be the minimum
required for bone health.4 However, for
cancer prevention, desirable 25(OH)D
levels are 90–120 nmol/L.4 One estimate
suggested that an intake of 1,000 IU vitamin D3/d for all adults would bring 50%
of the population up to 75 nmol/L, and
that 2,000 IU/d or higher was needed to
bring most individuals into the cancerprevention range. 4 One randomized
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controlled trial compared the effects of
supplementing with 1,000 IU/d or 4,000
IU/d over the winter months, using a
previously validated well-being questionnaire. This trial showed the 4,000
IU/d intervention to be superior.38 Current recommendations by the Canadian
Cancer Society are that all Canadian
adults take 1,000 IU/d in fall and winter
and that older adults take 1,000 IU/d
year round.31
Vitamin D3 supplements have a
highly favourable safety profile. Recent
data suggest that toxicity (hypercalcemia)
does not occur at daily intake below
50,000 IU a day,39 and serum levels of
25(OH)D up to 750 nmol/L.40 A subsequent paper in this journal will discuss
vitamin D deficiency in relation to musculoskeletal pain and functioning, as well
as alternative approaches to optimising
vitamin D supplementation in individual
subjects.

Conclusion

The risk of vitamin D deficiency as measured by serum 25-hydroxyvitamin D is
high in older individuals, especially if
they are housebound, dark-skinned, or
obese. Many skeletal and nonskeletal
conditions are more prevalent among
those who are vitamin D deficient,
including osteporosis, osteoarthritis, type
1 and type 2 diabetes, heart disease,
stroke, and most cancers. Blood levels of
25-hydroxyvitamin D accurately reflect
vitamin D status and should be checked
annually to uncover vitamin D deficiency or insufficiency. Vitamin D supplements have an excellent safety profile,
with vitamin D3 being preferable to vitamin D2, which is less than one-third as
effective. The Canadian Cancer Society
suggests 1000 IU vitamin D daily from
supplements for older adults.

3.
4.
5.

6.

7.
8.

9.
10.
11.

12.
13.
14.

15.
16.

No competing financial interests declared.

References
1.
2.

Prentice A, Goldberg GR, Schoenmakers I.
Vitamin D across the lifecycle: physiology
and biomarkers. Am J Clin Nutr
2008;88:500S–6S.
Baynes KC, Boucher BJ, Feskens EJ, et al.
Vitamin D, glucose tolerance and

17.

18.

insulinaemia in elderly men. Diabetologia
1997;40:344–7.
Holick MF. Vitamin D: importance in the
prevention of cancers, type I diabetes, heart
disease, and osteoporosis. Am J Clin Nutr
2004;79:362–71.
Bischoff-Ferrari HA. Optimal serum 25hydroxyvitamin D levels for multiple health
outcomes. Adv Exp Med Biol 2008;624:55–71.
Black PN, Scragg R. Relationship between
serum 25-hydroxyvitamin D and
pulmonary function in the third National
Health and Nutrition Examination Survey.
Chest 2005;128:3792–8.
Visser M, Deeg DJ, Puts MT, et al. Low
serum concentrations of 25-hydroxyvitamin
D in older persons and the risk of nursing
home admission. Am J Clin Nutr
2006;84:616–22.
Melamed ML, Michos ED, Post W, et al. 25Hydroxyvitamin D levels and the risk of
mortality in the general population. Arch
Intern Med 2008;168:1629–37.
Lips P. Vitamin D deficiency and secondary
hyperparathyroidism in the elderly: consequences for bone loss and fractures and
therapeutic implications. Endocr Rev
2001;22:477–501.
Holick MF, Chen TC, Lu Z, et al. Vitamin D
and skin physiology: a D-lightful story. J
Bone Miner Res 2007;22 Suppl 2:V28–33.
Matsuoka LY, Ide L, Wortsman J, et al. Sunscreens suppress cutaneous vitamin D3 synthesis. J Clin Endocrinol Metab
1987;64:1165–8.
Institute of Medicine, Food and Nutrition
Board. Dietary Reference Intakes: Calcium,
Phosphorus, Magnesium, Vitamin D, and
Fluoride. Washington (DC): National Academy Press; 1997.
Reichrath J. Vitamin D and the skin: an
ancient friend, revisited. Exp Dermatol
2007;16:618–25.
DeLuca HF. Overview of general physiologic features and functions of vitamin D. Am J
Clin Nutr 2004;80(6 Suppl):1689S–96S.
Lowe LC, Guy M, Mansi JL, et al. Plasma
25-hydroxy vitamin D concentrations, vitamin D receptor genotype and breast cancer
risk in a UK Caucasian population. Eur J
Cancer 2005;41:1164–9.
MacLaughlin J, Holick MF. Aging decreases
the capacity of human skin to produce vitamin D3. J Clin Invest 1985;76:1536–8.
Vilarrasa N, Maravall J, Estepa A, et al. Low
25-hydroxyvitamin D concentrations in
obese women: their clinical significance and
relationship with anthropometric and body
composition variables. J Endocrinol Invest
2007;30:653–8.
Hansdottir S, Monick MM, Hinde SL, et al.
Respiratory epithelial cells convert inactive
vitamin D to its active form: potential effects
on host defense. J Immunol
2008;181:7090–9.
Cannell JJ, Vieth R, Umhau JC, et al.
Epidemic influenza and vitamin D.

46 GERIATRICS & AGING • January/February 2009 • Volume 12, Number 1

19.
20.
21.
22.

23.
24.
25.
26.

27.
28.
29.

30.

31.
32.
33.
34.

35.

Epidemiol Infect 2006;134:1129–40.
Cantorna MT. Vitamin D and multiple sclerosis: an update. Nutr Rev 2008;66(10 Suppl
2):S135–8.
Kimball SM, Ursell MR, O’Connor P, et al.
Safety of vitamin D3 in adults with multiple
sclerosis. Am J Clin Nutr 2007;86:645–51.
Pilz S, Dobnig H, Fischer JE, et al. Low vitamin D levels predict stroke in patients
referred to coronary angiography. Stroke
2008;39:2611–3.
Forouhi NG, Luan J, Cooper A, et al. Baseline serum 25-hydroxy vitamin D is predictive of future glycemic status and insulin
resistance: the Medical Research Council
Ely Prospective Study 1990–2000. Diabetes
2008;57:2619–25.
Dawson-Hughes B. Serum 25-hydroxyvitamin D and functional outcomes in the elderly. Am J Clin Nutr 2008;88:537S–40S.
Arabelovic S, McAlindon TE.
Considerations in the treatment of early
osteoarthritis. Curr Rheumatol Rep
2005;7:29–35.
Ali MM, Vaidya V. Vitamin D and cancer. J
Cancer Res Ther 2007;3:225–30.
Li H, Stampfer MJ, Hollis JB, et al. A
prospective study of plasma vitamin D
metabolites, vitamin D receptor polymorphisms, and prostate cancer. PLoS Med
2007;4:e103.
Mocellin S, Nitti D. Vitamin D receptor
polymorphisms and the risk of cutaneous
melanoma: a systematic review and metaanalysis. Cancer 2008;113:2398–407.
Gloth FM III, Alam W, Hollis B. Vitamin D
vs broad spectrum phototherapy in the
treatment of seasonal affective disorder. J
Nutr Health Aging 1999;3:5–7.
Hoogendijk WJ, Lips P, Dik MG, et al.
Depression is associated with decreased 25hydroxyvitamin D and increased parathyroid hormone levels in older adults. Arch
Gen Psychiatry 2008;65:508–12.
Jorde R, Sneve M, Figenschau Y, et al. Effects
of vitamin D supplementation on
symptoms of depression in overweight and
obese subjects: randomized double blind
trial. J Intern Med 2008;264:599–609.
Canadian Cancer Society. Home page. The
Society; http://www.cancer.ca. Accessed
December 28, 2008.
Leventis P, Patel S. Clinical aspects of vitamin D in the management of rheumatoid
arthritis. Rheumatology (Oxford)
2008;47:1617–21.
Armas LA, Hollis BW, Heaney RP. Vitamin
D2 is much less effective than vitamin D3 in
humans. J Clin Endocrinol Metab
2004;89:5387–91.
Health Canada. Food and nutrition:
Vitamin D and people over 50. Health
Canada, 2007; http://www.hc-sc.gc.ca/fnan/food-guide-aliment/context/evidfond/vita_d-eng.php. Accessed December
27, 2008.
Mosekilde L. Vitamin D requirement and

Vitamin D Deficiency in Older Adults

36.
37.
38.
39.
40.
41.
42.
43.
44.

setting recommendation levels: long-term perspectives. Nutr Rev
2008;66(10 Suppl 2):S170–7.
DeLappe E, McGreevy C, ni Chadhain N, et al. Vitamin D insufficiency
in older female community-dwelling acute hospital admissions and
the response to supplementation. Eur J Clin Nutr 2006;60:1009–15.
Brunner RL, Cochrane B, Jackson RD, et al. Calcium, vitamin D
supplementation, and physical function in the Women’s Health Initiative. J Am Diet Assoc 2008;108:1472–9.
Vieth R, Kimball S, Hu A, et al. Randomized comparison of the effects
of the vitamin D3 adequate intake versus 100 mcg (4000 IU) per day on
biochemical responses and the wellbeing of patients. Nutr J 2004;3:8.
Holick MF. Vitamin D deficiency. N Engl J Med 2007;357:266–81.
Jones G. Pharmacokinetics of vitamin D toxicity. Am J Clin Nutr
2008;88:582S–6S.
Evatt ML, Delong MR, Khazai N, et al. Prevalence of vitamin D insufficiency in patients with Parkinson disease and Alzheimer disease. Arch
Neurol 2008;65:1348–52.
Colston KW. Vitamin D and breast cancer risk. Best Pract Res Clin
Endocrinol Metab 2008;22:587–99.
Schwartz GG. Vitamin D and intervention trials in prostate cancer:
from theory to therapy. Ann Epidemiol 2008 Jul 10. Epub ahead of
print.
Wei MY, Garland CF, Gorham ED, et al. Vitamin D and prevention of
colorectal adenoma: a meta-analysis. Cancer Epidemiol Biomarkers
Prev 2008;17:2958–69.

www.geriatricsandaging.ca 47

