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Links
The role of vitamin D in cancer prevention.

Garland CF, Garland FC, Gorham ED, Lipkin M, Newmark H, Mohr SB, Holick MF.

Department of Family and Preventive Medicine, 0631C, University of California-San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0631, USA. cgarland@ucsd.edu

Vitamin D status differs by latitude and race, with residents of the northeastern United States and individuals with more skin pigmentation being at increased risk of deficiency. A PubMed database search yielded 63 observational studies of vitamin D status in relation to cancer risk, including 30 of colon, 13 of breast, 26 of prostate, and 7 of ovarian cancer, and several that assessed the association of vitamin D receptor genotype with cancer risk.The majority of studies found a protective relationship between sufficient vitamin D status and lower risk of cancer. The evidence suggests that efforts to improve vitamin D status, for example by vitamin D supplementation, could reduce cancer incidence and mortality at low cost, with few or no adverse effects.

PMID: 16380576 [PubMed - indexed for MEDLINE]
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Lancet. 2002 Apr 6;359(9313):1247; author reply 1247-8. 
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Intake of vitamin D and risk of type 1 diabetes: a birth-cohort study.

Hyppönen E, Läärä E, Reunanen A, Järvelin MR, Virtanen SM.

Department of Paediatric Epidemiology and Biostatistics, Institute of Child Health, WC1N 1EH, London, UK. e.hypponen@ich.ucl.ac.uk

BACKGROUND: Dietary vitamin D supplementation is associated with reduced risk of type 1 diabetes in animals. Our aim was to ascertain whether or not vitamin D supplementation or deficiency in infancy could affect development of type 1 diabetes. METHODS: A birth-cohort study was done, in which all pregnant women (n=12055) in Oulu and Lapland, northern Finland, who were due to give birth in 1966 were enrolled. Data was collected in the first year of life about frequency and dose of vitamin D supplementation and presence of suspected rickets. Our primary outcome measure was diagnosis of type 1 diabetes by end of December, 1997. FINDINGS: 12058 of 12231 represented live births, and 10821 (91% of those alive) children were followed-up at age 1 year. Of the 10366 children included in analyses, 81 were diagnosed with diabetes during the study. Vitamin D supplementation was associated with a decreased frequency of type 1 diabetes when adjusted for neonatal, anthropometric, and social characteristics (rate ratio [RR] for regular vs no supplementation 0.12, 95% CI 0.03-0.51, and irregular vs no supplementation 0.16, 0.04-0.74. Children who regularly took the recommended dose of vitamin D (2000 IU daily) had a RR of 0.22 (0.05-0.89) compared with those who regularly received less than the recommended amount. Children suspected of having rickets during the first year of life had a RR of 3.0 (1.0-9.0) compared with those without such a suspicion. INTERPRETATION: Dietary vitamin D supplementation is associated with reduced risk of type 1 diabetes. Ensuring adequate vitamin D supplementation for infants could help to reverse the increasing trend in the incidence of type 1 diabetes.

PMID: 11705562 [PubMed - indexed for MEDLINE]
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Serum 25-hydroxyvitamin D levels and risk of multiple sclerosis.

Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A.

Department of Nutrition, Harvard School of Public Health, and Channing Laboratory, Brigham and Women's Hospital and Harvard Medical School, Boston, Mass 02115, USA.

CONTEXT: Epidemiological and experimental evidence suggests that high levels of vitamin D, a potent immunomodulator, may decrease the risk of multiple sclerosis. There are no prospective studies addressing this hypothesis. OBJECTIVE: To examine whether levels of 25-hydroxyvitamin D are associated with risk of multiple sclerosis. DESIGN, SETTING, AND PARTICIPANTS: Prospective, nested case-control study among more than 7 million US military personnel who have serum samples stored in the Department of Defense Serum Repository. Multiple sclerosis cases were identified through Army and Navy physical disability databases for 1992 through 2004, and diagnoses were confirmed by medical record review. Each case (n = 257) was matched to 2 controls by age, sex, race/ethnicity, and dates of blood collection. Vitamin D status was estimated by averaging 25-hydroxyvitamin D levels of 2 or more serum samples collected before the date of initial multiple sclerosis symptoms. MAIN OUTCOME MEASURES: Odds ratios of multiple sclerosis associated with continuous or categorical levels (quantiles or a priori-defined categories) of serum 25-hydroxyvitamin D within each racial/ethnic group. RESULTS: Among whites (148 cases, 296 controls), the risk of multiple sclerosis significantly decreased with increasing levels of 25-hydroxyvitamin D (odds ratio [OR] for a 50-nmol/L increase in 25-hydroxyvitamin D, 0.59; 95% confidence interval, 0.36-0.97). In categorical analyses using the lowest quintile (<63.3 nmol/L) as the reference, the ORs for each subsequent quintile were 0.57, 0.57, 0.74, and 0.38 (P = .02 for trend across quintiles). Only the OR for the highest quintile, corresponding to 25-hydroxyvitamin D levels higher than 99.1 nmol/L, was significantly different from 1.00 (OR, 0.38; 95% confidence interval, 0.19-0.75; P = .006). The inverse relation with multiple sclerosis risk was particularly strong for 25-hydroxyvitamin D levels measured before age 20 years. Among blacks and Hispanics (109 cases, 218 controls), who had lower 25-hydroxyvitamin D levels than whites, no significant associations between vitamin D and multiple sclerosis risk were found. CONCLUSION: The results of our study suggest that high circulating levels of vitamin D are associated with a lower risk of multiple sclerosis.

PMID: 17179460 [PubMed - indexed for MEDLINE]
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Vitamin D and calcium supplementation reduces cancer risk: results of a randomized trial.

Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP.

Osteoporosis Research Center, Creighton University, Omaha, NE 68131, USA. jmlappe@creighton.edu

BACKGROUND: Numerous observational studies have found supplemental calcium and vitamin D to be associated with reduced risk of common cancers. However, interventional studies to test this effect are lacking. OBJECTIVE: The purpose of this analysis was to determine the efficacy of calcium alone and calcium plus vitamin D in reducing incident cancer risk of all types. DESIGN: This was a 4-y, population-based, double-blind, randomized placebo-controlled trial. The primary outcome was fracture incidence, and the principal secondary outcome was cancer incidence. The subjects were 1179 community-dwelling women randomly selected from the population of healthy postmenopausal women aged >55 y in a 9-county rural area of Nebraska centered at latitude 41.4 degrees N. Subjects were randomly assigned to receive 1400-1500 mg supplemental calcium/d alone (Ca-only), supplemental calcium plus 1100 IU vitamin D3/d (Ca + D), or placebo. RESULTS: When analyzed by intention to treat, cancer incidence was lower in the Ca + D women than in the placebo control subjects (P < 0.03). With the use of logistic regression, the unadjusted relative risks (RR) of incident cancer in the Ca + D and Ca-only groups were 0.402 (P = 0.01) and 0.532 (P = 0.06), respectively. When analysis was confined to cancers diagnosed after the first 12 mo, RR for the Ca + D group fell to 0.232 (CI: 0.09, 0.60; P < 0.005) but did not change significantly for the Ca-only group. In multiple logistic regression models, both treatment and serum 25-hydroxyvitamin D concentrations were significant, independent predictors of cancer risk. CONCLUSIONS: Improving calcium and vitamin D nutritional status substantially reduces all-cancer risk in postmenopausal women. This trial was registered at clinicaltrials.gov as NCT00352170.

PMID: 17556697 [PubMed - indexed for MEDLINE]

5. National Academy of Sciences:  Dietary Reference intakes for calcium, phosphorus, magnesium, vitamin D, and fluoride.  Washington DC: National Academy Press:  265-277
	AI for Infants
	0 through 6 months
	5.0 µg (200 IU)/day


Special Considerations
Infant Formula. Dietary needs for vitamin D are similar for infants fed formula or human milk. Koo et al. (1995) studied infants of very low birth weight who were fed high-calcium and high-phosphorus infant formulas. They found that an average intake of vitamin D as low as 4 µg (160 IU)/day in the experimental formula maintained normal and stable vitamin D status, physical growth, biochemical and hormonal indices of bone mineral metabolism, and skeletal radiographs. In another study of exclusively formulafed Norwegian infants who received 7.5 µg (300 IU)/day of vitamin D, all infants attained a serum 25(OH)D concentration above 27.5 nmol/liter (11 ng/ml) (Markestad and Elzouki, 1991). This result was similar to the concentrations attained by infants studied at the end of the summer who were fed human milk.

From a physiological perspective, whether infants are fed human milk or formula, their needs for dietary vitamin D when not exposed to sunlight are the same. Thus, vitamin D intake of formulafed infants not exposed to sunlight should be at least 5 µg (200 IU)/day. However, 10 µg (400 IU)/day, the current amount included in 1 liter of standard infant formula or 1 quart of commercial cow milk, would not be excessive.

Ages 7 through 12 Months
Indicator Used to Estimate the AI
Serum 25(OH)D. Studies from three countries provide evidence for the lower range of intake of vitamin D that will support normal serum 25(OH)D concentration in infants between 7 and 12 months of age. In Norway, Markestad and Elzouki (1991) reported that in the winter, older infants who had received a vitamin preparation containing on average 5 µg (200 IU)/day of vitamin D achieved serum 25(OH)D levels that were intermediate between those of the infants studied at the end of summer and formula-fed infants. In the United States, Greer et al. (1982a) followed groups of infants who were fed human milk and exposed on average to 35 minutes/day of sunshine. Those who received either a placebo or 10 µg (400 IU)/day of vitamin D had similar serum 25(OH)D concentrations at 1 year of age. Similarly, in Hong Kong, Leung et al. (1989) followed 150 formula-fed infants who had a mean intake of 8.6, 3.9, and 3.8 µg (345, 154, and 153 IU)/day of vitamin D at 6, 12, and 18 months, respectively. They observed that none of the infants at 18 months had a serum 25(OH)D level less than 25 nmol/liter (10 ng/ml) and that the mean values in May and June were higher than in January through April.

AI Summary: Ages 7 through 12 Months
In the absence of any sunlight exposure, an AI of 5 µg (200 IU)/day will result in few infants ages 7 through 12 months with serum 25(OH)D concentrations less than 27.5 nmol/liter (11 ng/ml). This is based on the observation that, in the absence of sun-mediated vitamin D synthesis, approximately 5 µg (200 IU)/day of vitamin D maintained 25(OH)D levels in the normal range, but below circulating concentrations attained by infants in the summer. However, an intake of 10 µg (400 IU), which is supplied by 1 liter of most infant formulas or 1 quart of milk, would not be excessive.

	AI for Infants
	7 through 12 months
	5 µg (200 IU)/day


Ages 1 through 3 and 4 through 8 Years
Indicator Used to Estimate the AI
Serum 25(OH)D. Essentially no scientific literature exists that systematically evaluates the influence of different amounts of vitamin D intake on either BMC, bone radiography, or serum 25(OH)D in children aged 1 through 3 and 4 through 8. Although vitamin D intake was not reported, Meulmeester et al. (1990) measured circulating concentrations of 25(OH)D and PTH in 8-year-old children in an observational study and found that the serum PTH increased when the 25(OH)D levels were below 20 nmol/liter (8 ng/ml). Because serum 25(OH)D concentrations in children correlate well with cumulative exposure to sunlight or dietary intake of vitamin D, this biochemical marker is appropriate for assessment of vitamin D needs of growing children. The major limiting factor in interpreting relevant studies in this age group is the inconsistency in control of sun exposure when measuring dietary intake as the intervention and vice versa. Often, relative sun exposure has to be presumed from the country where the study was conducted.

When sun exposure is consistently adequate throughout the year, as it is presumed to be in South Africa, 1- to 8-year-old children of mixed race showed no evidence of vitamin D deficiency (serum 25(OH)D > 77.5 nmol/liter [31 ng/ml]) (Pettifor et al., 1978b). Unfortunately, dietary intake was not evaluated. When vitamin D intakes were less than 2.5 µg (100 IU)/day (mean intakes 0.6 ± 1.8 µg or 25 ± 70 IU/day) in vegetarian children younger than 6 years living in Boston, 4 out of 70 children in this 3-year longitudinal study developed radiologic evidence of vitamin D deficiency (Dwyer et al., 1979).

In the absence of age-specific data, additional observations in slightly older children were considered. In a longitudinal study in Norway, where sun exposure is presumed to vary over the year, an intake of vitamin D of about 2.5 µg (100 IU)/day from fortified margarine maintained normal vitamin D status in children aged 8 to 18 years (Aksnes and Aarskog, 1982). In 6- to 17-year-old Indian children in Turkey, a daily average intake (calculated from a 1-week diet history) of 2.0 ± 0.4 µg (78.6 ± 17.9 IU) compared with 1.1 ± 0.3 µg (45.3 ± 10.8 IU) vitamin D, appeared to support a better serum 25(OH)D status in most children in this observational study (Gultekin et al., 1987). In neither study was sun exposure measured. Taken together, these studies suggest that a dietary vitamin D intake of 1.9 to 2.5 µg (75 to 100 IU)/day may be adequate when skin synthesis of vitamin D is limited by sun exposure or skin pigmentation.

Children aged 2 to 8 years obtain most of their vitamin D from exposure to sunlight (Ala-Houhala et al., 1984; Gultekin et al., 1987; Meulmeester et al., 1990; Oliveri et al., 1993; Pettifor et al., 1978a; Riancho et al., 1989; Taylor and Norman, 1984) and therefore do not normally need to ingest vitamin D. However for children who live in far northern latitudes such as in northern Canada and Alaska, vitamin D supplementation may be necessary.

AI Summary: Ages 1 through 3 and 4 through 8 Years
There are no data on how much vitamin D is required to prevent vitamin D deficiency in children aged 1 through 8 years. Extrapolating from available data in slightly older children (Aksnes and Aarskog, 1982; Gultekin et al., 1987) and from different continents for

children who are not exposed to adequate sunlight, most children who had a mean dietary intake of 1.9 to 2.5 µg (75 to 100 IU)/day (Gultekin et al., 1987) showed no evidence of vitamin D deficiency and had normal serum 25(OH)D values. To cover the needs of almost all children ages 1 though 8, regardless of exposure to sunlight, the above value is doubled for an AI of 5 µg (200 IU)

	AI for Children
	1 through 3 years
	5.0 µg (200 IU)/day

	AI for Children
	4 through 8 years
	5.0 µg (200 IU)/day


Ages 9 through 13 and 14 through 18 Years
Indicator Used to Estimate the AI
Serum 25(OH)D. During puberty, the metabolism of 25(OH)D to 1,25(OH)2D increases (Aksnes and Aarskog, 1982). The increased blood concentrations of 1,25(OH)2D enhance intestinal calcium absorption to provide adequate calcium for the rapidly growing skeleton. However, there is no scientific evidence that demonstrates an increased requirement for vitamin D. In boys and girls aged 8 to 18 years, who are estimated to ingest 2.5 µg (100 IU)/day of vitamin D from margarine, the mean 25(OH)D concentration in the children in late March was 55 ± 2.5 nmol/liter (22 ± 1 ng/ml) (Aksnes and Aarskog, 1982).

In the few studies available, children during the pubertal years maintained a normal serum 25(OH)D level with dietary vitamin D intakes of 2.5 to 10 µg (100 to 400 IU)/day. Aksnes and Aarskog (1982) had the same result in Scandinavian children aged 8 to 18 years consuming 2.5 µg (100 IU)/day from margarine or 10 µg (400 IU)/day from supplements during the winter months. At intakes less than 2.5 µg (100 IU)/day, Turkish children aged 12 to 17 years had mean serum 25(OH)D concentrations that were consistent with vitamin D deficiency (< 27.5 nmol/liter [< 11 ng/ml]) (Gultekin et al., 1987). In those with mean intakes of 2.0 ± 0.5 ± µg (79 ± 18 IU)/day of vitamin D, serum 25(OH)D levels were 32.75 ± 2.75 nmol/liter (13.1 ± 1.1 ng/ml) for boys and 14.5 ± 1.75 nmol/liter (5.8 ± 0.7 ng/ml) for girls. With regular sun exposure, there would not be a dietary need for vitamin D (Ala-Houhala et al., 1984; Gultekin et al., 1987; Pettifor et al., 1978a; Riancho et al., 1989; Taylor and Norman, 1984). However, children who live in the far northern and southern latitudes, may be unable to synthesize enough vitamin D in their skin that can be stored for use in the children who are not exposed to adequate sunlight, most children who had a mean dietary intake of 1.9 to 2.5 µg (75 to 100 IU)/day (Gultekin et al., 1987) showed no evidence of vitamin D deficiency and had normal serum 25(OH)D values. To cover the needs of almost all children ages 1 though 8, regardless of exposure to sunlight, the above value is doubled for an AI of 5 µg (200 IU)

	AI for Children
	1 through 3 years
	5.0 µg (200 IU)/day

	AI for Children
	4 through 8 years
	5.0 µg (200 IU)/day


Ages 9 through 13 and 14 through 18 Years
Indicator Used to Estimate the AI
Serum 25(OH)D. During puberty, the metabolism of 25(OH)D to 1,25(OH)2D increases (Aksnes and Aarskog, 1982). The increased blood concentrations of 1,25(OH)2D enhance intestinal calcium absorption to provide adequate calcium for the rapidly growing skeleton. However, there is no scientific evidence that demonstrates an increased requirement for vitamin D. In boys and girls aged 8 to 18 years, who are estimated to ingest 2.5 µg (100 IU)/day of vitamin D from margarine, the mean 25(OH)D concentration in the children in late March was 55 ± 2.5 nmol/liter (22 ± 1 ng/ml) (Aksnes and Aarskog, 1982).

In the few studies available, children during the pubertal years maintained a normal serum 25(OH)D level with dietary vitamin D intakes of 2.5 to 10 µg (100 to 400 IU)/day. Aksnes and Aarskog (1982) had the same result in Scandinavian children aged 8 to 18 years consuming 2.5 µg (100 IU)/day from margarine or 10 µg (400 IU)/day from supplements during the winter months. At intakes less than 2.5 µg (100 IU)/day, Turkish children aged 12 to 17 years had mean serum 25(OH)D concentrations that were consistent with vitamin D deficiency (< 27.5 nmol/liter [< 11 ng/ml]) (Gultekin et al., 1987). In those with mean intakes of 2.0 ± 0.5 ± µg (79 ± 18 IU)/day of vitamin D, serum 25(OH)D levels were 32.75 ± 2.75 nmol/liter (13.1 ± 1.1 ng/ml) for boys and 14.5 ± 1.75 nmol/liter (5.8 ± 0.7 ng/ml) for girls. With regular sun exposure, there would not be a dietary need for vitamin D (Ala-Houhala et al., 1984; Gultekin et al., 1987; Pettifor et al., 1978a; Riancho et al., 1989; Taylor and Norman, 1984). However, children who live in the far northern and southern latitudes, may be unable to synthesize enough vitamin D in their skin that can be stored for use in the winter. These children may need a vitamin D supplement (Oliveri et al., 1993).

AI Summary: Ages 9 through 13 and 14 through 18 Years
Vitamin D that is synthesized in the skin during the summer and fall months can be stored in the fat for use in the winter (Mawer et al., 1972), thereby minimizing the requirement for vitamin D. There is no reason to believe that the increased conversion of 25(OH)D to 1,25(OH)D seen in puberty results in a change in the borderline amount of circulating 25(OH)D that would be considered the minimum for adequacy. Thus, in the absence of additional data, 27.5 nmol/liter (11 ng/ml) is the appropriate cutoff for this age group. Most children aged 8 to 18 years who ingested 2.5 µg (100 IU)/day of vitamin D from margarine had no evidence of vitamin D deficiency and had a normal serum 25(OH)D level (Aksnes and Aarskog, 1982). To cover the needs of all children ages 9 through 18 years, regardless of exposure to sunlight, the above value is doubled for an AI of 5 µg (200 IU)/day.

	AI for Boys
	9 through 13 years
	5.0 µg (200 IU)/day

	 
	14 through 18 years
	5.0 µg (200 IU)/day

	AI for Girls
	9 through 13 years
	5.0 µg (200 IU)/day

	 
	14 through 18 years
	5.0 µg (200 IU)/day


Ages 19 through 30 and 31 through 50 Years

Indicator Used to Estimate the AI
Serum 25 (OH)D. There is little scientific information that relates vitamin D intake, bone health, and vitamin D status as determined by serum 25(OH)D and PTH concentrations in young adult and adult age groups. A descriptive longitudinal study of seven adult female patients in Great Britain (age range 20 to 46 years) who consumed a diet that contained from 0.4 to 1.7 µg (15 to 68 IU)/day of vitamin D revealed that the women developed clinical and biochemical features of osteomalacia after 1 to several years. No information about sunlight exposure was provided, and the patients achieved a positive calcium balance when consuming 2.5 µg (100 IU)/day of vitamin D (Smith and Dent, 1969).

Racial differences were not evident in measures of serum 25(OH)D and PTH in a cross-sectional study in 67 Caucasian (age 36.5 ± 6.4 years) and 70 African American (age 37 ± 6.7 years) premenopausal women living in the New York City area, who were active and exposed to sunlight. With an average daily intake of 3.5 ± 2.1 µg (139 ± 84 IU) and 3.6 ± 1.8 µg (145 ± 73 IU)/day, respectively, as measured by food frequency questionnaires and interviews, the Caucasian and African American women had similar normal serum 25(OH)D and PTH concentrations. However, BMD in both the lumbar spine and radius was significantly higher in the African American women (Meier et al., 1991). During the winter months (November through May) in Omaha, Nebraska, all except 6 percent of a group of young women aged 25 to 35 years (n = 52) maintained serum 25(OH)D levels greater than 30 nmol/liter (12 ng/ml) when daily vitamin D intake was estimated to be 3.3 to 3.4 µg (131 to 135 IU)/day (Kinyamu et al., 1997). Taken together, these studies suggest that adults younger than 50 years of age in the United States depend on sunlight for most of their vitamin D requirement. Physiological reliance on dietary vitamin D probably only occurs in the winter months in a small proportion who are not exposed to sunlight during the summer.

Indirect evidence of the importance of sunlight to vitamin D status was obtained from a recent study in 22 young male submariners (aged 18 to 32 years) who were not exposed to sunlight but who maintained their serum 25(OH)D at concentrations similar to those measured just before entering the submarine for 3 months with 15 µg (600 IU)/day of vitamin D (Holick, 1994). Those submariners who did not receive a vitamin D supplement had a 38 percent decline in serum 25(OH)D concentration after 1.5 and 3 months in the submarine. Lower supplement doses were not studied. The serum 25(OH)D levels of the nonsupplemented group increased by more than 80 percent when the submariners were exposed to sunlight for one month.

The importance of dietary sources of vitamin D was demonstrated by observations of significantly lower serum 25(OH)D (67.5 ± 47.5 nmol/liter [27 ± 19 ng/ml]) concentrations in males and females who were strictly vegetarian (mean age 42 ± 10 years) in the winter in Helsinki, Finland, compared with a control group of healthy omnivorous women with mean serum 25(OH)D concentration of 117.5 ± 37.5 nmol/liter (47 ± 15 ng/ml). Six of the 10 strict vegetarians had 25(OH)D levels below the lower reference limit of the group (62.5 nmol/liter [25 ng/ml]) indicating vitamin D deficiency (Lamberg-Allardt et al., 1993). Based on a 2-week food record, vitamin D intake in the strict vegetarians (0.3 µg or 10 IU/day) was markedly lower than in the control group (4.5 µg or 180 IU/day). Serum PTH concentrations were significantly higher in the vegetarians (57 ng/liter) compared with the control group (28 ng/liter), and 3 out of 10 subjects had concentrations that were higher than the upper reference limit (65 ng/liter), indicating secondary hyperparathyroidism.

AI Summary: Ages 19 through 30 and 31 through 50 Years
Based on the available literature, both sunlight and diet play an essential role in providing vitamin D to this age group. Because cutaneous vitamin D synthesis is markedly diminished or absent in the winter, young and middle-aged adults who live in northern (> 40°N) and southern latitudes (> 40°S) can become vitamin D deficient (Kinyamu et al., 1997). During the winter months in Omaha, Nebraska, most women with an average intake of 3.3 to 3.4 µg (131 to 135 IU)/day of vitamin D had serum 25(OH)D concentrations greater than 30 nmol/liter (12 ng/ml) (Kinyamu et al., 1997). Because there are no data for men only, other than those from submariners at a high supplement intake, it is assumed that the AI for men is similar to that for women. To cover the needs of adults ages 19 through 50 years, regardless of exposure to sunlight, the above value is rounded down to 2.5 µg (100 IU) and then doubled for an AI of 5.0 µg (200 IU)/day.

	AI for Men
	19 through 50 years
	5.0 µg (200 IU)/day

	AI for Women
	19 through 50 years
	5.0 µg (200 IU)/day


Ages 51 through 70 Years
Indicators Used to Estimate the AI
Serum 25(OH)D. Although this age group also depends on sunlight for most of its vitamin D requirement, this population may be more prone to developing vitamin D deficiency, owing to a variety of factors that reduce the cutaneous production of vitamin D3. Increased use of clothing to cover the skin and prevent the damaging effects of sunlight (Matsuoka et al., 1992) and increased use of sunscreen can increase the risk of vitamin D deficiency (Holick, 1994). Aging also decreases the capacity of the skin to produce vitamin D (Holick et al., 1989; Need et al., 1993).

Bone Loss. Dietary supplementation of vitamin D in older women has been shown to influence bone loss. When vitamin D intake from food (2.5 to 5.0 µg or 100 to 200 IU/day) was supplemented with 2.5 or 17.5 µg (100 or 700 IU)/day in a double-blind, randomized 2-year trial in 247 postmenopausal women (mean age 64 ± 5 years) from Boston, loss of BMD of the femoral neck was less (−1.06 ± 0.34 percent) in the group supplemented with 17.5 µg (700 IU)/day than in the group supplemented with 2.5 µg (100 IU)/day (−2.54 ± 0.37 percent) (Dawson-Hughes et al., 1995).

Two further studies underline the importance of dietary intakes of vitamin D during the winter season in older adult populations. In 333 ambulatory Caucasian women (mean age 58 ± 6 years), serum PTH concentrations were elevated in winter (between March and May) in women consuming less than 5.5 µg (220 IU)/day of vitamin D, whereas no seasonal variation in serum PTH concentration occurred when vitamin D intakes were greater than 5.5 µg (220 IU)/day (Krall et al., 1989). In a study that measured bone loss between seasons in older women (62 ± 0.5 years) who had usual vitamin D intakes of 2.5 µg (100 IU)/day, dietary supplements of 10 µg (400 IU)/day appeared to reduce loss of spinal bone, at least during the 1 year of this randomized intervention trial (DawsonHughes et al., 1991). This finding is similar to that reported above regarding bone loss in the femoral neck, which was less in postmenopausal women who supplemented their diet containing 2.5 µg (100 IU)/day of vitamin D with 17.5 µg (700 IU)/day vitamin D compared with those who did not (Dawson-Hughes et al., 1995). Taken together, these studies provide evidence, at least in women, that dietary intakes of vitamin D higher than 2.5 µg (100 IU)/day are necessary at ages 51 through 70 years to prevent higher rates of bone loss during periods of low sun exposure.

AI Summary: Ages 51 through 70 Years
Using bone loss as an indicator of adequacy and data from studies of women, described above, a dietary vitamin D intake of 2.5 µg (100 IU)/day is inadequate. Although data do not exist for males in this age range, there is no reason to believe that their dietary vitamin D requirement should be different from that for females. At a vitamin D intake greater than 5.5 µg (220 IU)/day, there was no seasonal variation in serum PTH concentration (Krall et al., 1989). Given that there are few data from individuals with limited but uncertain sun exposure and stores to precisely determine a value between 2.5 µg (100 IU) and 17.5 µg (700 IU), 5 µg (200 IU) was chosen. To cover the needs of all adults ages 51 through 70 years, the above value was doubled for an AI of 10 µg (400 IU).

	AI for Men
	51 through 70 years
	10 µg (400 IU)/day

	AI for Women
	51 through 70 years
	10 µg (400 IU)/day


Ages > 70 Years
Indicator Used to Estimate the AI
Serum 25(OH)D. There is strong evidence for a decrease in circulating concentrations of 25(OH)D and increased risk of skeletal fractures with aging, and it is most apparent after the age of 70 years (Chevalley et al., 1994; Dawson-Hughes et al., 1991; Hordon and Peacock, 1987; Lamberg-Allardt et al., 1989; Lips et al., 1988; McGrath et al., 1993; Ng et al., 1994; Ooms et al., 1995; Villareal et al., 1991; Webb et al., 1990). Villareal et al. (1991) concluded that subclinical vitamin D deficiency with serum 25(OH)D concentrations of less than 37.5 nmol/liter (15 ng/ml) was associated with mild secondary hyperparathyroidism, lower serum calcium and phosphate levels, lower urinary calcium, and higher serum alkaline phosphatase.

Information from descriptive studies in the aging population suggests that both lack of sunlight and low intake of vitamin D influence serum 25(OH)D concentration in elderly subjects. During the winter months (November to May) in Omaha, Nebraska, all but 8 percent of 60 women living in nursing homes (mean age 84 years) and all but 1.6 percent of 64 free-living women (mean age 71 years) maintained serum 25(OH)D levels greater than 30 nmol/liter (12 ng/ml), when daily vitamin D intake was estimated to be 5.2 µg (207 IU) for the nursing home residents and 3.4 µg (135 IU) for the free-living women (Kinyamu et al., 1997). In another study during the winter months (January to May) in New York City with 109 male and female nursing home residents (mean age 82 years), serum 25(OH)D concentration was greater than 37.5 nmol/liter (15 ng/ml) in those taking a vitamin D supplement of 10 µg (400 IU)/day (O'Dowd et al., 1993). In those residents with mean vitamin D intakes of 7.1 µg (283 IU)/day, 14 percent had serum 25(OH)D levels below 25 nmol/liter (10 ng/ml). Similarly, in 116 subjects (mean age 81) who were confined indoors for at least 6 months in Baltimore, serum 25(OH)D concentration was below 25 nmol/liter (10 ng/ml) in 45 percent with vitamin D intakes ranging from 3.0 to 7.1 µg (121 to 282 IU)/day (Gloth et al., 1995).

Based on several randomized, double-blind clinical trials with elderly women or both men and women, a vitamin D intake of 10 µg (400 IU)/day is needed to maintain normal 25(OH)D and serum PTH status. This result was observed when the duration of the vitamin D intervention was for 1 year (Lips et al., 1988) or 3.5 years (Lips et al., 1996). In the latter study, there was no advantage to 10 µg (400 IU)/day versus placebo in the incidence of hip fractures or other peripheral fractures despite the better vitamin D status. However, a subset of the women who participated in the Lips et al. (1996) study and who were supplemented with 10 µg (400 IU)/day of vitamin D had a significant gain in change in BMD at the femoral neck after 2 years, in addition to increased 25(OH)D and decreased circulating PTH (Ooms et al., 1995). No significant BMD effects were found in the other bone sites measured: the femoral trochanter and the distal radius.

Studies in both women and men supplemented with 10 to 25 µg (400 to 1,000 IU)/day of vitamin D have shown reduced bone resorption by various urinary markers (Brazier et al., 1995; Chapuy et al., 1992; Egsmose et al., 1987; Fardellone et al., 1995; Kamel et al., 1996; Sebert et al., 1995; Sorva et al., 1991). In women supplemented for 18 months with both calcium and 20 µg (800 IU)/day of vitamin D, BMC increased significantly, and vertebral and nonvertebral fractures decreased significantly (Chapuy et al., 1992).

AI Summary: Ages > 70 Years
Evidence is strong that the elderly are at high risk for vitamin D deficiency, which causes secondary hyperparathyroidism and osteomalacia and exacerbates osteoporosis, resulting in increased risk of skeletal fractures (Chapuy et al., 1992; Egsmose et al., 1987; Honkanen et al., 1990; McKenna, 1992; Pietschmann et al., 1990). In a comparison of vitamin D status in the elderly in Europe and North America, Byrne et al. (1995) and McKenna (1992) concluded that the elderly are prone to hypovitaminosis D and associated abnormalities of bone chemistry and that a supplement of 10 to 20 µg (400 to 800 IU)/day would be of benefit. In support of this, 8, 14, and 45 percent of elderly subjects who had daily dietary vitamin D intakes of 9.6, 7.1, and 5.2 µg (384, 283, and 207 IU), respectively, were considered to be vitamin D deficient based on low serum 25(OH)D levels (Gloth et al., 1995; Kinyamu et al., 1997; O'Dowd et al., 1993). Therefore, based on the available literature, a value of 7.5 µg (300 IU)/day may be prudent for those individuals over 70 years of age with limited sun exposure and stores. In order to cover the needs of adults over age 70, regardless of exposure to sunlight and stores, the above value is doubled for an AI of 15 µg (600 IU)/day.

	AI for Men
	> 70 years
	15 µg (600 IU)/day

	AI for Women
	> 70 years
	15 µg (600 IU)/day


Special Consideration
Medications. Glucocorticoids are well known for their anti-inflammatory properties. One of the most undesirable side effects of glucocorticoid therapy is severe osteopenia. One of the mechanisms by which glucocorticoids induce osteopenia is by inhibiting vitamin D-dependent intestinal calcium absorption (Lukert and Raisz, 1990). Therefore, patients on glucocorticoid therapy may require additional vitamin D in order to maintain their serum 25(OH)D levels in the mid-normal range (25 to 45 ng/ml [62.5 to 112.5 nmol/liter]).

Medications to control seizures, such as phenobarbital and dilantin, can alter the metabolism and the circulating half-life of vitamin D (Favus and Christakos, 1996). Holick (1995) recommended that patients on at least two antiseizure medications who are institutionalized, and therefore not obtaining most of their vitamin D requirement from exposure to sunlight, increase their vitamin D intake to approximately 25 µg (1,000 IU)/day to maintain their serum 25(OH)D levels within the mid-normal range of 25 to 45 ng/ml (62.5 to 112.5 nmol/liter). This should prevent the osteomalacia and vitamin D deficiency associated with antiseizure medications.

Pregnancy
Indicators Used to Set the AI
Serum 25(OH)D. Paunier et al. (1978) evaluated the vitamin D intake from foods, supplements, and sunshine exposure of 40 healthy women at the time of delivery of their babies during the months of January and February. Women taking less than 3.8 µg (150 IU)/day had an average serum 25(OH)D concentration of 9.1 ± 1.5 ng/ml (22.75 ± 3.75 nmol/liter), while women taking more than 12.5 µg (500 IU)/day had a concentration of 11.1 ± 1.3 ng/ml (27.75 ± 3.25 nmol/liter). Although the authors noted no significant difference between these two values in the mothers, newborns of mothers who received the vitamin D supplement had a statistically higher serum calcium level on the fourth day of life than those from mothers with the lower vitamin D intake. Several studies have evaluated supplementation after the pregnant woman's first trimester with either 10 or 25 µg (400 or 1,000 IU)/day of vitamin D. It was concluded that vitamin D supplementation increased circulating concentrations of 25(OH)D in the mother (Anderson et al., 1988; Cockburn et al., 1980; Delvin et al., 1986; Mallet et al., 1986; Markested et al., 1986; Reddy et al., 1983) and may improve neonatal handling of calcium (Cockburn et al., 1980; Delvin et al., 1986).

During pregnancy, there is a gradual rise in a woman's serum 1,25(OH)2D concentration that is paralleled by an increase in her blood concentration of vitamin D binding protein (Bikle et al., 1984; Bouillon et al., 1981). However, during the last trimester, the woman's serum 1,25(OH) 2D level continues to rise without any change in the vitamin D binding protein level, causing an increase in the free concentration of 1,25(OH) 2D. Evidence is strong that the placenta metabolizes 25(OH)D to 1,25(OH) 2D and therefore contributes to the maternal and possibly fetal blood levels of 1,25(OH)2D (Gray et al., 1979; Weisman et al., 1979).

AI Summary: Pregnancy
Although there is ample evidence for placental transfer of 25(OH)D from the mother to the fetus (Paunier et al., 1978), the quantities are relatively small and do not appear to affect the overall vitamin D status of pregnant women. Women, whether pregnant or not, who receive regular exposure to sunlight do not need vitamin D supplementation. However, at vitamin D intakes less than 3.8 µg (150 IU)/day, pregnant women during the winter months at high latitudes had a mean 25(OH)D concentration of 9.1 ng/ml (22.75 nmol/liter) at delivery (Paunier et al., 1978). Thus, there is no additional need to increase the vitamin D age-related AI during pregnancy above that required for nonpregnant women. However, an intake of 10 µg (400 IU)/day, which is supplied by prenatal vitamin supplements, would not be excessive.

	AI for Pregnancy
	14 through 18 years
	5.0 µg (200 IU)/day

	 
	19 through 30 years
	5.0 µg (200 IU)/day

	 
	31 through 50 years
	5.0 µg (200 IU)/day


Lactation
Indicator Used to Set the AI
Serum 25(OH)D. During lactation, small and probably insignificant quantities of maternal circulating vitamin D and its metabolites are secreted into human milk (Nakao, 1988; Specker et al., 1985a). Although there is no reason to expect the mother's vitamin D requirement to be increased during lactation, some investigators have determined whether the infant can be supplemented via the mother's milk. Ala-Houhala (1985) and Ala-Houhala et al. (1986) evaluated the vitamin D status of mothers and their infants supplemented with vitamin D. Healthy mothers delivering in January received either 50 µg (2,000 IU)/day, 25 µg (1,000 IU)/day, or no vitamin D. Their infants were exclusively breast-fed and received 10 µg (400 IU)/day of vitamin D if their mothers received none. After 8 weeks of lactation, 25(OH)D concentrations of infants who were breast-fed from women receiving 50 µg (2,000 IU)/day of vitamin D were similar to those of infants supplemented with 10 µg (400 IU)/day. The serum 25(OH)D levels in the infants from mothers receiving 25 µg (1,000 IU)/day were significantly lower. None of the infants showed any clinical or biochemical signs of rickets, and all infants showed equal growth. Although it was concluded that postpartum maternal supplementation with 50 µg (2,000 IU)/day of vitamin D, but not 25 µg (1,000 IU)/day, seemed to normalize serum 25(OH)D concentration in infants fed human breast milk in the winter, the maternal 25(OH)D level increased in the two groups of mothers receiving 50 or 25 µg (2,000 or 1,000 IU)/day of vitamin D compared with mothers who received no vitamin D supplementation.

AI Summary: Lactation
There is no scientific literature that has determined a minimum vitamin D intake to sustain serum 25(OH)D concentration in the normal range during lactation, and there is no evidence that lactation increases a mother's AI for vitamin D. Therefore, it is reasonable to extrapolate from observations in nonlactating women that when sunlight exposure is inadequate, an AI of 5.0 µg (200 IU)/day is needed. However, an intake of 10 µg (400 IU)/day, which is supplied by postnatal vitamin supplements, would not be excessive.

	AI for Lactation
	14 through 18 years
	5.0 µg (200 IU)/day

	 
	19 through 30 years
	5.0 µg (200 IU)/day

	 
	31 through 50 years
	5.0 µg (200 IU)/day
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Vitamin D in type 1 diabetes prevention.

Harris SS.

Institute for Community Health Studies, New England Research Institutes, Watertown, MA 02472, USA. sharris@neri.org

Limited data from human observational studies suggest that early supplementation with 10 microg/d (400 IU/d) or less of vitamin D may not reduce the risk for type 1 diabetes but that doses of 50 microg/d (2000 IU/d) and higher may have a strong protective effect. Current U.S. recommendations (5-25 microg/d, 200-1000 IU/d) fall in the largely unstudied dose range in between. All infants and children should receive between 5 microg/d and 25 microg/d of supplemental vitamin D, particularly if they have limited sun exposure, live in northern areas, are exclusively breastfed, or are dark skinned. Caretakers of infants and children at increased risk of type 1 diabetes might wish to consider supplementation toward the upper end of that range or above. Additional studies are needed that 1) investigate the association between 25-hydroxyvitamin D and autoantibodies predictive of type 1 diabetes in infancy and beyond, 2) test the ability of vitamin D supplement doses between 5 and 50 microg/d to prevent autoantibodies and/or type 1 diabetes in infancy and beyond, and 3) examine the safety of vitamin D intakes of 25 microg/d and higher. Also, we need to consider the possible benefits of vitamin D supplementation when deciding whether or not to screen children for type 1 diabetes risk and to add type 1 diabetes to the growing list of outcomes that are considered when vitamin D recommendations are next revised.
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Vitamin D intake and incidence of multiple sclerosis.

Munger KL, Zhang SM, O'Reilly E, Hernán MA, Olek MJ, Willett WC, Ascherio A.

Department of Nutrition, Harvard School of Public Health, 665 Huntington Ave., Boston, MA 02115, USA. kgorham@hsph.harvard.edu

BACKGROUND: A protective effect of vitamin D on risk of multiple sclerosis (MS) has been proposed, but no prospective studies have addressed this hypothesis. METHODS: Dietary vitamin D intake was examined directly in relation to risk of MS in two large cohorts of women: the Nurses' Health Study (NHS; 92,253 women followed from 1980 to 2000) and Nurses' Health Study II (NHS II; 95,310 women followed from 1991 to 2001). Diet was assessed at baseline and updated every 4 years thereafter. During the follow-up, 173 cases of MS with onset of symptoms after baseline were confirmed. RESULTS: The pooled age-adjusted relative risk (RR) comparing women in the highest quintile of total vitamin D intake at baseline with those in the lowest was 0.67 (95% CI = 0.40 to 1.12; p for trend = 0.03). Intake of vitamin D from supplements was also inversely associated with risk of MS; the RR comparing women with intake of >or=400 IU/day with women with no supplemental vitamin D intake was 0.59 (95% CI = 0.38 to 0.91; p for trend = 0.006). No association was found between vitamin D from food and MS incidence. CONCLUSION: These results support a protective effect of vitamin D intake on risk of developing MS.

PMID: 14718698 [PubMed - indexed for MEDLINE]
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Optimal vitamin D status for colorectal cancer prevention: a quantitative meta analysis.

Gorham ED, Garland CF, Garland FC, Grant WB, Mohr SB, Lipkin M, Newmark HL, Giovannucci E, Wei M, Holick MF.

University of California San Diego, Department of Family and Preventive Medicine, School of Medicine, La Jolla, California, USA. gorham@nhrc.navy.mil

BACKGROUND: Previous studies, such as the Women's Health Initiative, have shown that a low dose of vitamin D did not protect against colorectal cancer, yet a meta-analysis indicates that a higher dose may reduce its incidence. METHODS: Five studies of serum 25(OH)D in association with colorectal cancer risk were identified using PubMed. The results of all five serum studies were combined using standard methods for pooled analysis. The pooled results were divided into quintiles with median 25(OH)D values of 6, 16, 22, 27, and 37 ng/mL. Odds ratios were calculated by quintile of the pooled data using Peto's Assumption-Free Method, with the lowest quintile of 25(OH)D as the reference group. A dose-response curve was plotted based on the odds for each quintile of the pooled data. Data were abstracted and analyzed in 2006. RESULTS: Odds ratios for the combined serum 25(OH)D studies, from lowest to highest quintile, were 1.00, 0.82, 0.66, 0.59, and 0.46 (p(trend)<0.0001) for colorectal cancer. According to the DerSimonian-Laird test for homogeneity of pooled data, the studies were homogeneous (chi(2)=1.09, df=4, p=0.90. The pooled odds ratio for the highest quintile versus the lowest was 0.49 (p<0.0001, 95% confidence interval, 0.35-0.68). A 50% lower risk of colorectal cancer was associated with a serum 25(OH)D level > or =33 ng/mL, compared to < or =12 ng/mL. CONCLUSIONS: The evidence to date suggests that daily intake of 1000-2000 IU/day of vitamin D(3) could reduce the incidence of colorectal with minimal risk.
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The urgent need to recommend an intake of vitamin D that is effective. (no abstract)
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Prospective study of predictors of vitamin D status and cancer incidence and mortality in men.

Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ, Willett WC.

Department of Medicine, Harvard Medical School, Brigham and Women's Hospital, Boston, MA, USA. edward.giovannucci@channing.harvard.edu

BACKGROUND: Vitamin D has potent anticancer properties, especially against digestive-system cancers. Many human studies have used geographic residence as a marker of solar ultraviolet B and hence vitamin D exposure. Here, we considered multiple determinants of vitamin D exposure (dietary and supplementary vitamin D, skin pigmentation, adiposity, geographic residence, and leisure-time physical activity-to estimate sunlight exposure) in relation to cancer risk in the Health Professionals Follow-Up Study. METHODS: Among 1095 men of this cohort, we quantified the relation of these six determinants to plasma 25-hydroxy-vitamin D [25(OH)D] level by use of a multiple linear regression model. We used results from the model to compute a predicted 25(OH)D level for each of 47,800 men in the cohort based on these characteristics. We then prospectively examined this variable in relation to cancer risk with multivariable Cox proportional hazards models. RESULTS: From 1986 through January 31, 2000, we documented 4286 incident cancers (excluding organ-confined prostate cancer and nonmelanoma skin cancer) and 2025 deaths from cancer. From multivariable models, an increment of 25 nmol/L in predicted 25(OH)D level was associated with a 17% reduction in total cancer incidence (multivariable relative risk [RR] = 0.83, 95% confidence interval [CI] = 0.74 to 0.92), a 29% reduction in total cancer mortality (RR = 0.71, 95% CI = 0.60 to 0.83), and a 45% reduction in digestive-system cancer mortality (RR = 0.55, 95% CI = 0.41 to 0.74). The absolute annual rate of total cancer was 758 per 100,000 men in the bottom decile of predicted 25(OH)D and 674 per 100,000 men for the top decile; these respective rates were 326 per 100,000 and 277 per 100,000 for total cancer mortality and 128 per 100,000 and 78 per 100,000 for digestive-system cancer mortality. Results were similar when we controlled further for body mass index or physical activity level. CONCLUSIONS: Low levels of vitamin D may be associated with increased cancer incidence and mortality in men, particularly for digestive-system cancers. The vitamin D supplementation necessary to achieve a 25(OH)D increment of 25 nmol/L may be at least 1500 IU/day.
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Vitamin D and prevention of breast cancer: pooled analysis.

Garland CF, Gorham ED, Mohr SB, Grant WB, Giovannucci EL, Lipkin M, Newmark H, Holick MF, Garland FC.

Department of Family and Preventive Medicine, University of California-San Diego, 9500 Gilman Drive, La Jolla, CA 92093, USA. cgarland@ucsd.edu

BACKGROUND: Inadequate photosynthesis or oral intake of Vitamin D are associated with high incidence and mortality rates of breast cancer in ecological and observational studies, but the dose-response relationship in individuals has not been adequately studied. METHODS: A literature search for all studies that reported risk by of breast cancer by quantiles of 25(OH)D identified two studies with 1760 individuals. Data were pooled to assess the dose-response association between serum 25(OH)D and risk of breast cancer. RESULTS: The medians of the pooled quintiles of serum 25(OH)D were 6, 18, 29, 37 and 48 ng/ml. Pooled odds ratios for breast cancer from lowest to highest quintile, were 1.00, 0.90, 0.70, 0.70 and 0.50 (p trend<0.001). According to the pooled analysis, individuals with serum 25(OH)D of approximately 52 ng/ml had 50% lower risk of breast cancer than those with serum <13 ng/ml. This serum level corresponds to intake of 4000 IU/day. This exceeds the National Academy of Sciences upper limit of 2000 IU/day. A 25(OH)D level of 52 ng/ml could be maintained by intake of 2000 IU/day and, when appropriate, about 12 min/day in the sun, equivalent to oral intake of 3000 IU of Vitamin D(3). CONCLUSIONS: Intake of 2000 IU/day of Vitamin D(3), and, when possible, very moderate exposure to sunlight, could raise serum 25(OH)D to 52 ng/ml, a level associated with reduction by 50% in incidence of breast cancer, according to observational studies.
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