
16  Canadian Family Physician • Le Médecin de famille canadien | Vol 57:  January • Janvier 2011

Commentary 

This article has been peer reviewed. 
Can Fam Physician 2011;57:16-20

Mitigating epidemic vitamin D deficiency
The agony of evidence

N.J. Bosomworth MD CCFP FCFP

For unless they see the sky
But they can’t and that is why
They know not if it’s dark outside or light
	      Bernie Taupin, Elton John, 1972

If we define a vitamin as a required substance that is not 
endogenously produced, vitamin D does not meet the 
criteria. It is produced in skin upon UVB exposure, act-

ing on 7-dehydrocholesterol and undergoing hydroxyla-
tion in the liver and kidneys. It behaves, in fact, more like a 
steroid hormone, binding to vitamin D receptors through-
out the body.1 As humankind becomes increasingly urban 
and specialized, life choices have consequences, including 
reduced exposure of skin to sunlight and so, reduced ability 
of skin to synthesize vitamin D.2 Predicted future environ-
mental changes could have unpredictable consequences. If 
weather becomes excessively wet or hot, people might be 
driven indoors. Should the behavioural response to warmer 
temperatures be increased time in the sun, use of sun-
screens or sunblocks might be mandated to protect skin 
from the strengthened UVB rays from atmospheric ozone 
depletion, minimizing exposure necessary to vitamin D 
production. With the passage of time, it could be that vita-
min D will become a true vitamin after all. Optimal health 
might, therefore, require an exogenous source, as there are 
few natural food sources apart from fatty fish.

Life choices and risk factors
The genesis of mankind was almost certainly in sub-
Saharan Africa, and these people were probably deeply 
pigmented. As some of them migrated northward some 
60 000 years ago, they experienced less direct UVB radia-
tion from the sun, and there were periods of time when 
no radiation was available during winter months.2,3 As 
they moved north and adapted to these conditions, their 
skin became increasingly depigmented, providing a sur-
vival advantage over more deeply pigmented subgroups 
whose vitamin D deficiency produced problems with 
mobility and reproduction.4 The possible exceptions were 
the Inuit in the far north, who consumed a diet of fat and 
oily fish, one of the few food sources high in vitamin D.

Adaptation occurred gradually over generations and is 
reflected in such features as skin colour, clothing, rituals, 
and diet. These days there can be rapid changes in location 
and environment that cause new stresses, advantages, 

and deprivations without time for adaptation. A variety of 
these changes and life choices strongly affect vitamin D 
levels, and some, such as advancing age, reduced exercise, 
obesity, and lack of sun exposure, act in synergy. Table 1
identifies risk factors, which can act individually or in con-
cert to produce low levels of vitamin D.4-19

Prevalence of vitamin D deficiency
Hepatic hydroxylation of vitamin D3 produced in skin or 
taken orally produces 25-hydroxyvitamin D (25[OH]D), 
a major metabolite, which has a long half-life, allowing 
measurement of serum vitamin D levels. There is no 
complete consensus on optimum serum levels of 25(OH)
D needed for prevention of disease. There is some sup-
port, however, for using the following benchmarks20:
•	 Deficiency: less than 25 nmol/L; leads to short-latency 

disease seen in rickets in children and osteomalacia 
in adults.

•	 Insufficiency: 25 to 75 nmol/L; leads to long-latency 
disease such as osteoporosis, fractures, and falls.

•	 Optimal: 75 to 110 nmol/L or more.7,21

Even in the sunniest places, such as Saudi Arabia and 
Australia, 30% to 50% of adults and children have defi-
cient or insufficient levels of vitamin D.5 At the latitude of 
Edmonton, Alta, 90% of children have deficient or insuffi-
cient levels.6 There were 104 confirmed cases of rickets in 
Canada between 2002 and 2004.22 The frail elderly have 
particularly low levels, with one study showing an aver-
age decrease of 6 nmol/L over a 2-year period.23

Average 25(OH)D levels are also tending to fall over 
time. A US nutrition survey done in an interval between 
1988 and 2004 showed prevalence increases in levels of 
marked deficiency from 2% to 6%, while prevalence of 
adequate levels fell from 45% to 23%.24

The evidence conundrum
The development of evidence demonstrating the health 
effects of vitamin D deficiency has been delayed and 
confused owing to a combination of multiple factors:
•	 The marketplace drives much research. There are low 

profit margins in vitamin D manufacturing. Some statins, 
for example, are thought to increase levels of vitamin 
D.25 Both statin administration26 and vitamin D lev-
els27 correlate inversely with the prevalence of multiple 
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sclerosis. Several prospective dosing studies treating 
multiple sclerosis with statins have now been done, 
with both negative28 and positive29 results; however, to 
date, no dosing studies have been done with vitamin D.

•	 Dosage is clearly important. Early, larger randomized trials 
used dosages that were probably too low to show statis-
tically significant benefits.30-32 Subsequent smaller trials 
using higher dosages have had positive results, but have 
had less influence on outcomes when meta-analyses 
were done. Subgroup analysis to control dose heterogen-
eity has demonstrated the benefits of higher dosing.33

•	 Control subjects in larger studies were not prevented 
from taking vitamin D on their own, potentially mask-
ing differences between groups.34

•	 Food supplementation led to the assumption that defi-
ciency was prevented and that no further studies were 
needed.35 It took some time to recognize the effects of 
insufficiency leading to long-latency disease.

•	 Calcium was often administered concurrently, which 
could have independently influenced end points.36,37

•	 Despite a multitude of epidemiologic studies showing 
the association between low vitamin D levels and com-
mon diseases (Table 2),27,38-45 few follow-up, random-
ized, prospective dosing studies have been done, despite 
suggestions such studies are needed.27,46,47 Evidence fre-
quently has never gone beyond hypothesis generation.

Proven and potential benefits
Consequences of vitamin D deficiency were comprehen-
sively outlined in this journal in 2007,48 and have been fur-
ther addressed in recent reviews and meta-analyses. The 
more established benefits are summarized in Table 3.49-57

Potential benefits from epidemiologic studies or those 
for which level I and II studies provide conflicting evidence 
appear in Table 2.27,38-45 While these conditions can only be 
said to be associated with low levels of 25(OH)D, there are 
compelling data to prompt larger-scale randomized trials.

Supplementation to achieve adequate levels
Available higher-level evidence provides some guidance 
on vitamin D intakes for health maintenance:
•	 400 IU daily is sufficient to prevent rickets in chil-

dren and osteomalacia in adults, but is insufficient to 
achieve adequate serum levels of 25(OH)D.1

•	 700 to 1000 IU daily is the minimum required to 
reduce risk of falling in the elderly.53

•	 400 to 800 IU daily is the minimum required to reduce 
risk of fracture in the elderly.51

•	 500 to 1500 IU daily reduced cancer mortality and all-
cause mortality in various studies.49,50,58

•	 2000 IU daily reduced the incidence of type 1 diabetes 
in young children.56

•	 1000 IU daily is required to bring 50% of adults 
to 25(OH)D levels above 75 nmol/L (considered 
adequate).59

•	 2000 IU daily is required to bring 85% to 90% of the 
adult population to 25(OH)D levels above 75 nmol/L.59

The Canadian Paediatric Society22 has expressed con-
cerns about insufficient vitamin D intake in children,  

Table 1. Risk factors for vitamin D deficiency
Risk Factor Mechanism

Lack of sun 
exposure5

Reduced skin synthesis

Latitude of 
residence6

No skin synthesis November to March at 52° 
north (eg, Edmonton, Alta)

Sunscreen use7 SPF of 15 blocks 99% of skin synthesis
Urbanization8 Increasing time indoors and increased 

automobile use
Aging9 75% reduction in skin production by age 70; 

increased institutionalization as a greater 
percent of the population ages

Increased 
chronic disease 
prevalence10

Reduced sun exposure due to increased time 
indoors; some chronic conditions contribute 
physiologically to reduced vitamin D 
production (eg, chronic renal disease); as the 
population ages, prevalence of chronic 
disease will rise

Increased 
medication use11

Anticonvulsants, glucocorticoids, HIV 
medications, and some antirejection drugs 
reduce levels of vitamin D

Limited dietary 
choices12

Fatty fish and fish oils are the only ample 
food source, and are becoming increasingly 
unavailable

Reliance on 
food 
fortification13

Food sources are inadequate; in Canada, cow 
and soy milks and margarines are fortified

Migration of 
populations5

Rapid migration of people with pigmented 
skin toward polar areas can reduce skin 
synthesis as much as 99%

Traditional 
clothing14

All clothing impairs synthesis; Muslim women 
wearing traditional clothing have a 2.3 odds 
ratio of developing osteoporosis

Obesity15 A 2006 survey found that two-thirds of the 
US population was overweight or obese; 
vitamin D is sequestered in body fat, and 
levels are inversely related to BMI

Reduced 
exercise 
opportunities16

Vehicle prioritization, poor urban planning, 
and poor air quality force many to exercise 
indoors

Skin 
pigmentation4

Melanin is a very efficient blocker of UVB 
radiation

Season5 Very little vitamin D synthesis can occur from 
sun exposure in northern latitudes in winter 
months

Sex17,18 Women are at increased risk of deficiency 
because of reduced peak bone mass, 
increased pregnancy demands, and traditional 
attire in some areas

Metabolic 
demand19

Rapid skeletal growth in utero and in early 
infancy increases demand for calcium and 
vitamin D; breast milk is a poor source

Malabsorption5 Vitamin D is fat-soluble; therefore, those 
with fat malabsorption syndromes such as 
Crohn disease or celiac disease are at risk

BMI—body mass index, SPF—skin protection factor.
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particularly at northern latitudes, where rickets continues to 
be reported. They also suggest higher doses than currently 
recommended might be required in adolescents and adults 
to achieve and maintain adequate bone mass, particularly 
during pregnancy. Recent recommendations by the Food 
and Nutrition Board of the US Institute of Medicine appear in  
Table 4.60 These doses do not seem adequate in view of 
current evidence.61

Clearly, any decision made that increases dos-
ing must take potential toxicity into consideration. 
Fortunately there seems to be a wide margin of safety, 
with trials of supplementation from 4000 to 10 000 IU 
daily causing no rise in serum or urinary calcium 
and no adverse events.3,62,63 An increase in urin-
ary tract stones was reported as 5.7 per 10 000 partici-
pants in the Women’s Health Initiative study, despite 

Table 2. Epidemiologic association or conflicting studies suggesting potential benefits of vitamin D supplementation
Condition Best Evidence Level of Evidence Comments

Chronic unexplained pain Straube et al,38 2009 Meta-analysis Insufficient epidemiologic or RCT evidence for link 
between pain and insufficiency or deficiency

MS Munger et al,27 2006 Prospective nested 
case-control

Solid association between high 25(OH)D and low risk of 
MS; no available dosing studies

Deterioration of cognition Annweiler et al,39 2009 Systematic review No clear association between cognitive function and 
25(OH)D, but considerable heterogeneity; intervention 
studies inconsistent

Some infectious diseases Yamshchikov et al,40 
2009

Systematic review Strongest evidence for tuberculosis, influenza, and viral 
upper respiratory tract illness; considerable heterogeneity

CVD Pittas et al,41 2010
Wang et al,42 2010

Systematic reviews Possible association of 25(OH)D with hypertension and 
CVD (not diabetes41); prospective dosing trials suggest 
benefit at moderate to high doses—more studies needed

Type 2 diabetes Pittas et al,41 2010 Systematic review Insufficient evidence for association of 25(OH)D levels 
with incident diabetes; no good evidence on dosing 
studies benefiting glycemic control

Periodontal disease Dietrich et al,43 2004 Cross sectional Low 25(OH)D levels might be associated with periodontal 
disease independent of effects on bone mineral density

Breast cancer Garland et al,44 2007 Pooled analysis of 
longitudinal 
studies

Estimated 50% reduction in breast cancer incidence with 
use of 2000 IU vitamin D daily; no available dosing 
studies

Prostate cancer Yin et al,45 2009 Meta-analysis of 
longitudinal 
studies

Serum 25(OH)D not found to be associated with incident 
prostate cancer

25(OH)D—25-hydroxyvitamin D, CVD—cardiovascular disease, MS—multiple sclerosis, RCT—randomized controlled trial.

Table 3. Currently established benefits of vitamin D
Condition Best Evidence Level of Evidence Comments

All-cause mortality Autier et al,49 2007 Meta-analysis 300-833 IU/d; mortality a secondary end point in 
all but 1 study

Cancer mortality Lappe et al,50 2007 RCT 1000 IU/d; 1179 postmenopausal women; 
included calcium supplement

Fracture Bischoff-Ferrari et al,51 2009 Meta-analysis 400-800 IU/d; dose dependent; 20 RCTs; 
independent of calcium

Muscle strength Moreira-Pfrimer et al,52 2009 RCT 3000-5000 IU/d for 6 mo; elderly population

Falls Bischoff-Ferrari et al,53 2009 Meta-analysis 700-1000 IU needed; elderly population; 8 trials

Colon cancer Zhou et al,54 2009 Evidentiary review 1000 IU/d recommended; 25 studies included

Hypertension Witham et al,55 2009 Meta-analysis 11 studies; weak evidence for reduction in BP

Type 1 diabetes Hyppönen et al,56 2001 Prospective case 
control

2000 IU/d; 10 821 children; relative risk reduction 
of 0.22 in first year of life

Psoriasis Kreuter et al,57 2006 RCT Topical calcipotriol equivalent to topical steroid; 
80 patients for 4 wk

BP—blood pressure, RCT—randomized controlled trial.
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the low-dose supplementation. This might reflect the 
relatively high calcium intakes of the study popula-
tion.34,64 We might, however, expect a slightly 
increased incidence of stones in a vitamin D–replete 
population. Maintaining vitamin D deficiency seems a 
poor strategy for preventing renal colic.

Given the favourable risk-to-benefit ratio, it seems 
reasonable, and quite conservative, to recommend a 
supplemental intake of 1000 to 2000 IU daily to patients 
older than 1 year of age (Table 5). Higher-risk patients, 
such as the obese, those with chronic disease, or the 
elderly could take 2000 IU daily.65,66

Patients with deficiency or insufficiency will require 
larger doses to raise 25(OH)D levels to normal. 
Increased doses are necessary for repletion, although 
it does not matter whether these doses are given daily, 
weekly, or monthly.67,68 The best-studied regimen is to 
give 600 000 IU of vitamin D2 (which is 60% less avail-
able than vitamin D3 at high doses)5,67,69 over a period 
of 8 weeks. Vitamin D2 is available in 50 000-IU cap-
sules. Administration could then be 3 capsules of 50 000 
IU every 2 weeks 4 times before reducing intake to 
maintenance levels. As D3 is now available in 50 000-IU 
capsules as well, a similar strategy could be employed 

using a lower dose. Serum levels can then be tracked. 
Other strategies are obviously possible, including intra-
muscular administration.

Options for health care providers
There are 2 approaches to prevention of disease: indi-
vidual- or population-based strategies.70 Population-
based programs, such as adding vitamin D to foodstuffs 
or increasing daily dosage recommendations, are of 
minimal benefit to individuals, and are very sensitive 
to slim risk-benefit ratios.70 With this scenario, as with 
vaccination, success is often a nonevent. Population-
based programs do, however, speak to the etiology of 
the illness in the population, and are of great public 
health importance. 

Recent guidelines reflect a gradually increasing accep-
tance of enhanced supplementation. The US Institute 
of Medicine’s recently released recommendations for  
vitamin D intake60 suggested that most Americans and 
Canadians up to age 70 needed no more than 600 IU of 
vitamin D daily to maintain health, and those 71 years 
of age and older might need 800 IU. These doses are 
still very conservative. In their review of more than 1000 
studies, they found that considerable evidence con-
firmed the role of vitamin D in bone health, and that 
while numerous studies point to other possibilities that 
warrant further investigation, those studies have yielded 
conflicting and mixed results and do not offer the evi-
dence needed to confirm that vitamin D has other health 
effects. New 2010 Canadian guidelines for management 
of osteoporosis71 recommend higher intakes, with rou-
tine supplementation at 400 to 1000 IU daily for those at 
low risk and up to 2000 IU daily for high-risk individuals.

Until further research is done and more appropri-
ate population strategies are made available, the office 
practitioner can make use of the individual or case-
finding approach, identifying patients most likely to be 
vitamin D deficient by history. These individuals might 
need repletion therapy, while the remainder should 
probably consider maintenance supplementation. 
Screening serum levels would seldom be necessary 
unless used for treatment follow-up or patient motiv-
ation. The intervention of supplementation at 1000 
to 2000 IU daily has a wide margin of safety, and the 
potential for individual health improvement is likely to 
be substantial.21,59,66 This measure would be an interim 
expedient to protect our patients until a more adequate 
population-level strategy is crafted. 
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Table 4. Adequate intakes of vitamin D
Age, Y recommended adequate intake

Birth to 13       600 IU

14-18       600 IU

• Pregnant or lactating     600 IU

19-50       600 IU

• Pregnant or lactating     600 IU

51-70       600 IU

≥ 71       800 IU

Data from the Office of Dietary Supplements, National Institutes of 
Health.60

Table 5. Suggested update to adequate intakes for 
vitamin D based on best evidence
Age suggested adequate intake

0-12 mo    400-800 IU

• Below 55th parallel        400 IU

• Above 55th parallel        800 IU

1-13 y 1000-2000 IU 

14-18 y 1000-2000 IU

• Pregnant or lactating      2000 IU

19-50 y 1000-2000 IU

• Pregnant or lactating      2000 IU

51-70 y 1000-2000 IU

≥ 71 y 1000-2000 IU



20  Canadian Family Physician • Le Médecin de famille canadien | Vol 57:  January • Janvier 2011

Commentary | Mitigating epidemic vitamin D deficiency

References
1. Zitterman A. Vitamin D in preventive medicine: are we ignoring the evidence? Br J 

Nutr 2003;89(5):552-72.
2. Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and 

safety. Am J Clin Nutr 1999;69(5):842-56.
3. Heaney RP, Davies KM, Chen TC, Holick MF, Barger-Lux MJ. Human serum 

25-hydroxycholecalciferol response to extended oral dosing with cholecalciferol. Am 
J Clin Nutr 2003;77(1):204-10. Erratum in: Am J Clin Nutr 2003;78(5):1047.

4. Jablonski NG, Chaplin G. The evolution of human skin coloration. J Hum Evol 
2000;39(1):57-106.

5. Holick MF. Vitamin D deficiency. N Engl J Med 2007;357(3):266-81.
6. Webb AR, Kline L, Holick MF. Influence of season and latitude on the cutaneous syn-

thesis of vitamin D3: exposure to winter sunlight in Boston and Edmonton will not 
promote vitamin D3 synthesis in human skin. J Clin Endocrinol Metab 1988;67(2):373-8.

7. Hollis BW. Circulating 25-hydroxyvitamin D levels indicative of vitamin D sufficiency: 
implications for establishing a new effective dietary intake recommendation for vita-
min D. J Nutr 2005;135(2):317-22.

8. Wicherts IS, van Schoor NM, Boeke JP, Visser M, Deeg DJ, Smit J, et al. Vitamin 
D status predicts physical performance and its decline in older persons. J Clin 
Endocrinol Metab 2007;92(6):2058-65. Epub 2007 Mar 6.

9. Holick MF. High prevalence of vitamin D inadequacy and implications for health. 
Mayo Clin Proc 2006;81(3):353-73.

10. Holick MF. The vitamin D deficiency pandemic and consequences for nonskeletal 
health: mechanisms of action. Mol Aspects Med 2008;29(6):361-8. Epub 2008 Sep 2.

11. Seymour HM, Glendenning P. Fit for a fracture. Med J Aust 2005;183(4):213-4.
12. Brunner EJ, Jones PJ, Friel S, Bartley M. Fish, human health and marine ecosystem 

health: policies in collision. Int J Epidemiol 2009;38(1):93-100. Epub 2008 Aug 2.
13. Calvo MS, Whiting SJ. Are current dietary strategies in North America able to meet 

vitamin D needs in the absence of sun exposure? Toronto, ON: Canadian Cancer 
Society; 2006. Available from: www.cancer.ca/canada-wide/prevention/
vitamin%20d/~/media/CCS/Canada%20wide/Files%20List/English%20
files%20heading/pdf%20not%20in%20publications%20section/Mona%20
Calvo%20-%20pdf_899467559.ashx. Accessed 2008 Mar 13.

14. Allali F, El Aichaouli S, Saoud B, Maaroufi H, Abouqal R, Hajjaj-Hassouni N. The 
impact of clothing style on bone mineral density among post menopausal women in 
Morocco: a case-control study. BMC Public Health 2006;6:135-41.

15. Levi J, Segal LM, Julianno C. F as in fat: how obesity policies are failing in America, 2006. 
Washington, DC: Trust for America’s Health; 2006. Available from: http://
healthyamericans.org/reports/obesity2006/Obesity2006Report.pdf. Accessed 
2008 Mar 16.

16. Duncan MJ, Mummery WK, Steele RM, Caperchione C, Schofield G. Geographic 
location, physical activity and perceptions of the environment in Queensland adults. 
Health Place 2009;15(1):204-9. Epub 2008 Apr 30.

17. Lehtonen-Veromaa MK, Möttönen TT, Nuotio IO, Irjala KM, Leino AE, Viikari JS. 
Vitamin D and attainment of peak bone mass among peripubertal Finnish girls: a 3-y 
prospective study. Am J Clin Nutr 2002;76(6):1446-53.

18. El-Hajj Fuleihan G, Nabulsi M, Tamim H, Maalouf J, Salamoun M, Khalife H, et al. 
Effect of vitamin D replacement on musculoskeletal parameters in school children: a 
randomized controlled trial. J Clin Endocrinol Metab 2006;91(2):405-12. 

19. Ward LM, Gaboury I, Ladhani M, Zlotkin S. Canadian Paediatric Surveillance 
Program. Vitamin D deficiency rickets among children living in Canada: a new look 
at an old disease. Presented at the Canadian Diabetes Association and Canadian 
Society of Endocrinology and Metabolism Professional Conference; 2003 Oct 
15-19; Ottawa, ON. Available from: www.cps.ca/English/Surveillance/CPSP/
Abstract/abstractRickets.htm. Accessed 2008 Mar 17.

20. Whiting SJ, Calvo MS. Dietary recommendations for vitamin D: a critical need 
for functional end points to establish an estimated average requirement. J Nutr 
2005;135(2):304-9.

21. Bischoff-Ferrari HA. The 25-hydroxyvitamin D threshold for better health. J Steroid 
Biochem Mol Biol 2007;103(3-5):614-9. Epub 2007 Jan 16.

22. First Nations, Inuit and Métis Health Committee, Canadian Paediatric Society. 
Vitamin D supplementation: recommendations for Canadian mothers and infants. 
Paediatr Child Health 2007;12(7):583-9.

23. Nakamura K, Nishiwaki T, Ueno K, Yamamoto M. Age-related decrease in serum 
25-hydroxyvitamin D concentrations in the frail elderly: a longitudinal study. J Bone 
Miner Metab 2007;25(4):232-6. Epub 2007 Jun 25.

24. Ginde AA, Liu MC, Campargo CA. Demographic differences and trends of vitamin 
D insufficiency in the US population, 1988-2004. Arch Intern Med 2009;169(6):626-32.

25. Pérez-Castrillón JL, Vega G, Abad L, Sanz A, Chaves J, Hernandez G, et al. Effects 
of atorvastatin on vitamin D levels in patients with acute ischemic heart disease. Am 
J Cardiol 2007;99(7):903-5. Epub 2007 Feb 8.

26. Yavuz B, Ertugrul DT, Cil H, Ata N, Akin KO, Yalcin AA, et al. Increased levels of 
25-hydroxyvitamin D and 1,25-dihydroxyvitamin D after rosuvastatin treatment: a 
novel pleiotropic effect of statins? Cardiovasc Drugs Ther 2009;23(4):295-9.

27. Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A. Serum 25-hydroxyvitamin 
D levels and risk of multiple sclerosis. JAMA 2006;296(23):2832-8.

28. Birnbaum G, Cree B, Altafullah I, Zinser M, Reder AT. Combining beta interferon 
and atorvastatin may increase disease activity in multiple sclerosis. Neurology 
2008;71(18):1390-5. Epub 2008 Jun 4.

29. Vollmer T, Key L, Durkalski V, Tyor W, Corboy J, Markovic-Plese S, et al. Oral simvas-
tatin treatment in relapsing-remitting multiple sclerosis. Lancet 2004;363(9421):1607-8.

30. LaCroix AZ, Kotchen A, Anderson G, Brzyski R, Cauley JA, Cummings SR, et al. 
Calcium plus vitamin D supplementation and mortality in postmenopausal women: 
the Women’s Health Initiative calcium-vitamin D randomized controlled trial. J 
Gerontol A Biol Sci Med Sci 2009;64(5):559-67. Epub 2009 Feb 16.

31. Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, Lewis CE, et al. 
Calcium plus vitamin D supplementation and the risk of fractures. N Engl J Med 
2006;354(7):669-83. Erratum in: N Engl J Med 2006;354(10):1102.

32. De Boer IH, Tinker LF, Connelly S, Curb JD, Howard BV, Kestenbaum B, et al. Calcium 
plus vitamin D supplementation and the risk of incident diabetes in the Women’s Health 
Initiative. Diabetes Care 2008;31(4):701-7. Epub 2008 Jan 30.

33. Bischoff-Ferrari HA, Willett WC, Wong JB, Giovannucci E, Dietrich T, Dawson-
Hughes B. Fracture prevention with Vitamin D supplementation: a meta-analysis of 
randomized controlled trials. JAMA 2005;293(18):2257-64.

34. Bischoff-Ferrari HA, Shao A, Dawson-Hughes B, Hathcock J, Giovannucci 
E. Benefit-risk assessment of vitamin D supplementation. Osteoporos Int 
2010;21(7):1121-32. Epub 2009 Dec 3.

35. Calvo MS, Whiting SJ, Barton CN. Vitamin D intake: a global perspective of current 
status. J Nutr 2005;135(2):310-6.

36. Tang BM, Eslick GD, Nowson C, Smith C, Bensoussan A. Use of calcium or calcium 
in combination with vitamin D supplementation to prevent fractures and bone loss 
in people aged 50 years and older: a meta-analysis. Lancet 2007;370(9588):657-66.

37. Prince RL, Devine A, Dhaliwal SS, Dick IM. Effects of calcium supplementa-
tion on clinical fracture and bone structure: results of a 5-year, double-blind, 
placebo-controlled trial in elderly women. Arch Intern Med 2006;166(8):869-75.

38. Straube S, Moore RA, Derry S, McQuay HJ. Vitamin D and chronic pain. Pain 
2009;141(1-2):10-3. Epub 2008 Dec 11.

39. Annweiler C, Allali G, Allain P, Bridenbaugh S, Schott AM, Kressig RW, et al. 
Vitamin D and cognitive performance in adults: a systematic review. Eur J Neurol 
2009;16(10):1083-9. Epub 2009 Jul 29.

40. Yamshchikov AV, Desai MS, Blumberg HM, Ziegler TR, Tangpricha V. Vitamin D for 
treatment and prevention of infectious diseases: a systematic review of randomized 
controlled trials. Endocr Pract 2009;15(5):438-49.

41. Pittas AG, Chung M, Trikalinos T, Mitri J, Brendel M, Patel K, et al. Systematic review: 
vitamin D and cardiometabolic outcomes. Ann Intern Med 2010;152(5):307-14.

42. Wang L, Manson JE, Song Y, Sesso H. Systematic review: vitamin D and cal-
cium supplementation in prevention of cardiovascular events. Ann Intern Med 
2010;152(5):315-23.

43. Dietrich T, Joshipura KJ, Dawson-Hughes B, Bischoff-Ferrari HA. Association 
between serum concentrations of 25-hydroxy D3 and periodontal disease in the US 
population. Am J Clin Nutr 2004;80(1):108-13.

44. Garland CF, Gorham ED, Mohr SB, Grant WB, Giovannucci EL, Lipkin M, et al. 
Vitamin D and prevention of breast cancer: pooled analysis. J Steroid Biochem Mol 
Biol 2007;103(3-5):708-11.

45. Yin L, Raum E, Haug U, Arndt V, Brenner H. Meta-analysis of longitudinal studies: 
serum vitamin D and prostate cancer risk. Cancer Epidemiol 2009;33(6):435-45.

46. Grant WB, Boucher BJ. Current impediments to the ultraviolet-B-vitamin D-cancer 
hypothesis. Anticancer Res 2009;29(9):3597-604.

47. Gissel T, Rejnmark L, Mosekilde L, Vertergaard P. Intake of vitamin D and breast can-
cer—a meta-analysis. J Steroid Biochem Mol Biol 2008;111(3-5):195-9. Epub 2008 Jun 11.

48. Schwalfenberg G. Not enough vitamin D. Health consequences for Canadians. Can 
Fam Physician 2007;53:841-54.

49. Autier P, Gandini S. Vitamin D supplementation and total mortality. Arch Intern Med 
2007;167(16):1730-7.

50. Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP. Vitamin D and 
calcium supplementation reduces cancer risk: results of a randomized trial. Am J 
Clin Nutr 2007;85(6):1586-91. Erratum in: Am J Clin Nutr 2008;87(3):794.

51. Bischoff-Ferrari HA, Willett WC, Wong JB, Stuck AE, Staehelin HB, Orav EJ, et al. 
Prevention of nonvertebral fractures with oral vitamin D and dose dependency: a 
meta-analysis of randomized controlled trials. Arch Intern Med 2009;169(6):551-61.

52. Moreira-Pfrimer LD, Pedrosa MA, Teixeira L, Lazaretti-Castro M. Treatment of 
vitamin D deficiency increases lower limb muscle strength in institutionalized 
older people independently of regular physical activity: a randomized double-
blind controlled trial. Ann Nutr Metab 2009;54(4):291-300. Epub 2009 Aug 31.

53. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, Orav JE, Stuck AE, Theiler 
R, et al. Fall prevention with supplemental and active forms of vitamin D: a 
meta-analysis of randomized controlled trials. BMJ 2009;339:b3692. DOI: 10.1136/
bmj.b3692.

54. Zhou G, Stoitzfus J, Swan BA. Optimizing vitamin D status to minimize colorectal 
cancer risk: an evidentiary review. Clin J Oncol Nurs 2009;13(4):E3-17.

55. Witham MD, Nadir MA, Struthers AD. Effect of vitamin D on blood pressure: a sys-
tematic review and meta-analysis. J Hypertens 2009;27(10):1948-54.

56. Hyppönen E, Läärä E, Reunanen A, Järvelin MR, Virtanen SM. Intake of vitamin D 
and risk of type 1 diabetes: a birth cohort study. Lancet 2001;358(9292):1500-3.

57. Kreuter A, Sommer A, Hyun J, Bräutigam M, Brockmeyer NH, Altmeyer P, et al. 1% 
pimecrolimus, 0.005% calcipotriol, and 0.1% betamethasone in the treatment of 
intertriginous psoriasis. Arch Dermatol 2006;142(9):1138-43.

58. Goodwin PJ. Vitamin D in cancer patients: above all, do no harm. J Clin Oncol 
2009;27(13):2117-9. Epub 2009 Apr 6.

59. Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes 
B. Estimation of optimal serum concentrations of 25-hydroxyvitamin D for mul-
tiple health outcomes. Am J Clin Nutr 2006;84(1):18-28. Errata in: Am J Clin Nutr 
2006;84(5):1253 and Am J Clin Nutr 2007;86(3):809.

60. Ross CA, Taylor CL, Yaktine AL, Del Valle HB, editors. Dietary reference intakes for 
calcium and vitamin D. Washington, DC: Institute of Medicine; 2010. Available from: 
www.iom.edu/Reports/2010/Dietary-Reference-Intakes-for-Calcium-and-
Vitamin-D.aspx. Accessed 2010 Dec 4

61. Vieth R, Bischoff-Ferrari H, Boucher BJ, Dawson-Hughes B, Garland CF, Heaney RP, 
et al. The urgent need to recommend an intake of Vitamin D that is effective. Am J 
Clin Nutr 2007;85(3):649-50. Erratum in: Am J Clin Nutr 2007;86(3):809.

62. Vieth R. Critique of the considerations for establishing the tolerable upper intake 
level for vitamin D: critical need for revision upwards. J Nutr 2006;136(4):1117-22.

63. Hathcock JN, Shao A, Vieth R, Heaney R. Risk assessment for vitamin D. Am J Clin 
Nutr 2007;85(1):6-18.

64. Cranney A, Horsley T, O’Donnell S, Weiler H, Puil L, Ooi D, et al. Effectiveness and safety 
of vitamin D in relation to bone health. Evid Rep Technol Assess (Full Rep) 2007;158:1-235.

65. Garland CF, Gorham ED, Mohr SB, Garland FC. Vitamin D for cancer prevention: a 
global perspective. Ann Epidemiol 2009;19(7):468-83.

66. Cherniack EP, Levis S, Troen BR. Hypovitaminosis D: a widespread epidemic. 
Geriatrics 2008;63(4):24-30.

67. Pepper KJ, Judd SE, Nanes MS, Tangpricha V. Evaluation of vitamin D repletion 
regimens to correct vitamin D status in adults. Endocr Pract 2009;15(2):95-103.

68. Ish-Shalom S, Segal E, Salganik T, Raz B, Bromberg IL, Vieth R. Comparison of 
daily, weekly, and monthly vitamin D3 in ethanol dosing protocols for two months 
in elderly hip fracture patients. J Clin Endocrinol Metab 2008;93(9):3430-5. Epub 
2008 Jun 10.

69. Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a vitamin 
supplement. Am J Clin Nutr 2006;84(4):694-7.

70. Rose G. Sick individuals and sick populations. Int J Epidemiol 2001;30(3):427-32.
71. Papaioannou A, Morin S, Cheung A, Atkinson S, Brown JP, Feldman S, et al. 2010 

clinical practice guidelines for the diagnosis and management of osteoporosis in 
Canada: summary. CMAJ 2010;182(17):1864-73.


