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Context Although vitamin deficiency is encountered infrequently in developed countries, inadequate intake of several
vitamins is associated with chronic disease.
Objective To review the clinically important vitamins with regard to their biological effects, food sources, deficiency
syndromes, potential for toxicity, and relationship to chronic disease.
Data Sources and Study Selection We searched MEDLINE for English-language articles about vitamins in relation to
chronic diseases and their references published from 1966 through January 11, 2002.
Data Extraction We reviewed articles jointly for the most clinically important information, emphasizing randomized trials
where available.
Data Synthesis Our review of 9 vitamins showed that elderly people, vegans, alcohol-dependent individuals, and patients
with malabsorption are at higher risk of inadequate intake or absorption of several vitamins. Excessive doses of vitamin A
during early pregnancy and fat-soluble vitamins taken anytime may result in adverse outcomes. Inadequate folate status is
associated with neural tube defect and some cancers. Folate and vitamins B6 and B12 are required for homocysteine
metabolism and are associated with coronary heart disease risk. Vitamin E and lycopene may decrease the risk of prostate
cancer. Vitamin D is associated with decreased occurrence of fractures when taken with calcium.

Conclusions Some groups of patients are at higher risk for vitamin deficiency and suboptimal vitamin status. Many
physicians may be unaware of common food sources of vitamins or unsure which vitamins they should recommend for
their patients. Vitamin excess is possible with supplementation, particularly for fat-soluble vitamins. Inadequate intake of
several vitamins has been linked to chronic diseases, including coronary heart disease, cancer, and osteoporosis.
Vitamins are organic compounds that cannot be synthesized by humans and therefore must be ingested to prevent metabolic
disorders. Although classic vitamin deficiency syndromes such as scurvy, beriberi, and pellagra are now uncommon in
Western societies, specific clinical subgroups remain at risk (Table 1). For example, elderly patients are particularly at risk
for vitamins B12 and D deficiency, alcohol-dependent individuals are at risk for folate, B6, B12, and thiamin deficiency, and
hospitalized patients are at risk for deficiencies of folate and other water-soluble vitamins. Inadequate intake or subtle
deficiencies in several vitamins are risk factors for chronic diseases such as cardiovascular disease, cancer, and
osteoporosis. In addition, pregnancy or alcohol use may increase vitamin requirements. At least 30% of US residents use
vitamin supplements regularly, suggesting that physicians need to be informed about available preparations and prepared to
counsel patients in this regard.1 At a minimum, patients should be queried about their usual diet and use of vitamin
supplements.

We searched MEDLINE for English-language articles published from 1966 through January 11, 2002, about vitamins,
vitamin deficiencies and toxicity, and specific vitamins in relation to chronic diseases. We paid specific attention to
cardiovascular disease, common cancers (lung, colon, breast, and prostate), neural tube defect, and osteoporosis. We
reviewed reference lists from retrieved articles for additional pertinent information. The coauthors reviewed the references
jointly and attempted to synthesize the material, placing emphasis on randomized trial data where available. Table 2
summarizes the cohort and randomized trial data for the most important vitamin-disease relationships. We reviewed the 9
vitamins that are especially central in the preventive care of adults: folate, vitamins B6 and B12, vitamin D, vitamin E, the
provitamin A carotenoids, vitamin A, vitamin C, and vitamin K. We did not include thiamin (vitamin B1) or riboflavin (B2),
because of little evidence of their relationship to chronic disease. We include the carotenoid lycopene, although it does not
have provitamin A activity and is therefore not a true vitamin. Similarly, vitamin D is not a true vitamin because it can be
synthesized by humans, but for the sake of simplicity we use the term vitamin to refer to these compounds.

Current recommendations are expressed as daily values, a new dietary reference term that is made up of reference daily
intakes (RDIs) for vitamins and minerals, which has replaced US recommended daily allowance, and daily reference values
for fats, protein, fiber, sodium, and potassium.46 Table 3 summarizes the RDIs for vitamins.

FOLATE, VITAMIN B
AUTHOR INFORMATION | ABSTRACT | TABLE 1. CLINICAL SITUATIONS IN WHICH VITAMIN DEFICIENCY
SYNDROMES OCCUR | TABLE 2. SUMMARY OF COHORT STUDIES AND RANDOMIZED TRIALS OF MAJOR
VITAMIN-DISEASE RELATIONSHIPS | TABLE 3. CURRENT REFERENCE DAILY INTAKES FOR VITAMINS |
FOLATE, VITAMIN B | B VITAMINS AND CHD | FOLATE AND CANCER | VITAMIN E | CAROTENOIDS |
VITAMIN D | VITAMIN C | VITAMIN A | VITAMIN K | COMMENT | REFERENCES
Folate and vitamins B6 and B12 are discussed together in relation to coronary heart disease (CHD) because of their joint
effects on homocysteine. Elevated plasma total homocysteine level is a major risk factor for coronary disease.5 ,47 - 48
People with the highest homocysteine levels have an approximate 2-fold increase in risk of CHD compared with those with
the lowest levels, similar to the increase in risk associated with cigarette smoking or hypercholesterolemia. This effect is
independent of other known risk factors.47
Folate
Folate (other interchangeable terms include folic acid and folacin) is a water-soluble B vitamin that is necessary in forming
coenzymes for purine and pyrimidine synthesis, erythropoiesis, and methionine regeneration.49 The current RDI for folate
is 400 µg. The richest food sources of folate are dark-green leafy vegetables, whole-grain cereals, fortified grain products,
and animal products. Since 1996 in the United States, all flour and uncooked cereal grains have been supplemented with
140 µg of folate per 100 g of flour. This practice increases plasma folate levels among nonusers of vitamin supplements
from about 4.6 to 10.0 ng/mL in the general population.50 Higher levels were not chosen because of concern about masking
B12 deficiency: by treating anemia that might otherwise cause symptoms leading to diagnosis of B12 deficiency, neurologic
symptoms might progress. We are unaware of reports of folate toxicity. Folate deficiency, generally caused by poor intake
or alcoholism, is marked by a macrocytic anemia, and suboptimal folate intake causes fetal neural tube defects. More

recently, interest in the scientific community has turned to the role of folate in CHD and cancer.
Vitamin B
Vitamin B6 refers to a group of nitrogen-containing compounds with 3 primary forms: pyridoxine, pyridoxal, and
pyridoxamine. They are water soluble and are found in a variety of plant and animal products. The current RDI for vitamin
B6 is 2 mg. The best dietary sources include poultry, fish, meat, legumes, nuts, potatoes, and whole grains.51 Vitamin B6
participates in more than 100 enzymatic reactions and is needed for protein metabolism, conversion of tryptophan to niacin,
and neurotransmitter formation, among other functions. Deficiency is uncommon, although marginal B6 status may be
related to CHD. True deficiency results in cheilosis, stomatitis, effects on the central nervous system (including
depression), and neuropathy. Toxicity is unusual and has been associated with neurotoxicity and photosensitivity with doses
higher than 500 mg/d.49
Vitamin B
Vitamin B12 (cyanocobalamin) is water soluble and found in animal products only (meat, poultry, fish, eggs, and milk). The
current RDI for vitamin B12 is 6 µg. It acts as a coenzyme for fat and carbohydrate metabolism, protein synthesis, and
hematopoiesis. Deficiency can result from poor intake, including strict veganism, throughout a period of several years or
malabsorption from absence of intrinsic factor, from gastric or ileal disease, and among elderly individuals in general.52
Vitamin B12 deficiency results in a macrocytic anemia and neurologic abnormalities: loss of proprioception and vibration
sense. There is no determined upper limit for vitamin B12 intake because there are no consistent adverse effects of high
intake.
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Many studies have reported increased risk of CHD or ischemic stroke associated with low folate intake or low blood folate
levels.5 Folate, along with vitamins B6 and B12, is required for the metabolism of homocysteine to methionine. Folate
appears to be the critical vitamin in determining plasma homocysteine levels.53 - 54 In a meta-analysis,4 folate lowered
plasma homocysteine levels by 25%, and addition of B12 lowered homocysteine another 7%, but addition of B6 did not
result in further reductions. A recent report found that folate at 800 µg/d was necessary to minimize homocysteine levels (to
2.7 µmol/L [0.37 mg/L], similar to the effects of folate at 1000 µg/d).55 Although low serum folate levels have a central
role in the pathogenesis of hyperhomocysteinemia, whether folate has direct effects on CHD development remains unclear.
Observational studies have consistently shown that elevated homocysteine levels are a risk factor for cardiovascular
disease. In a study of elderly patients, mean homocysteine concentrations were significantly higher in participants in the
lowest 2 deciles of plasma folate concentration. Serum B6 and B12 levels were also inversely associated with homocysteine
levels, but this relationship was weaker than for folate.56 A smaller study57 showed similar results.
Low serum folate levels were associated with increased risk of CHD in a retrospective Canadian cohort2 and a large casecontrol study.58 Similarly, higher dietary intakes of folate and vitamin B6 are associated with decreased risk of CHD.3
Several large clinical trials of folate, B6, and B12 are under way and will likely clarify the relationships of these vitamins to
coronary disease.5 - 6 Since the existing evidence is entirely from observational research, it should be viewed with caution
until randomized trial results become available.
Most multivitamins provide 400 µg of folate (100% of the current RDI), 3 µg of vitamin B6 (150% of the RDI), and 9 µg
of vitamin B12 (150% of the RDI). Until results of trials provide more specific information on vitamin doses required to
minimize homocysteine levels, recommending a daily multivitamin for most adults may be the most prudent approach. For
patients with premature CHD or a family history of premature CHD, either testing for hyperhomocysteinemia or
recommending folate at 800 µg/d is appropriate.
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Folate deficiency may contribute to aberrant DNA synthesis and carcinogenesis by decreasing methionine availability and
interfering with normal DNA methylation. Recently, interest has grown in the effects of folate supplementation in cancer
prevention.59 Higher dietary folate intake appears to reduce the risk of colon and breast cancer, particularly among
moderate consumers of alcohol.
Colorectal Cancer
In the Health Professionals Follow-up Study,7 men who reported folate ingestion from multivitamins for longer than 10
years had a 25% reduction in colon cancer risk, which increased among moderate alcohol users with low intakes of folate
or methionine. The Nurses' Health Study8 found similar effects for women: those reporting 15 or more years of
multivitamin use (with folate) had a 75% reduction in colorectal cancer risk. A recent report from the National Health and
Nutrition Examination Survey I (NHANES I)9 found a statistically significant 60% risk reduction in colon cancer in men
and a similar nonsignificant effect in women. Men who used alcohol and consumed diets low in folate and methionine were
at highest risk for colon cancer.
A common functional polymorphism in the gene for methylenetetrahydrofolate reductase (MTHFR, a major enzyme
involved in folate metabolism) is associated with an increased risk of colorectal cancer. Dietary folate and methionine
intake modify colorectal cancer risk in people with MTHFR polymorphisms.60 - 61
Breast Cancer
Higher folate intake may also reduce breast cancer risk, although possibly only among women who have low folate levels
and consume alcohol. Several groups have reported inverse associations between folate consumption and breast cancer risk.
It appears that higher intake of folate lowers the excess breast cancer risk associated with alcohol use.10 - 12 For example,
among Nurses' Health Study participants who used alcohol, multivitamin users had a 25% reduction in breast cancer risk.10
Colon and breast cancers are among the most common cancers in Western societies, so folate's potential for helping to
prevent these cancers is important. The evidence supporting the protective role of folate for colon and breast cancers is
moderately strong but not based on randomized trials. The interaction between alcohol use and folate intake is likely to
prove substantial. Subgroups of the population with MTHFR polymorphisms may also have higher folate requirements.
Neural Tube Defects
Folate is necessary for embryogenesis, and supplementation reduces the risk of neural tube defects. Multiple observational
studies have demonstrated this,13 ,62 - 66 as well as 1 nonrandomized trial67 and 2 randomized trials.14 - 15 Folate
supplementation decreases the risk of first occurrence of neural tube defect14 and recurrent defects in women with a
previously affected pregnancy.15 A recent review suggested that doses well above the current RDI of 400 µg are necessary
to maximally reduce the risk of neural tube defects.68 Because the neural tube closes within 3 weeks of conception (before
most women know they are pregnant), supplementing all women who might become pregnant with folate at 800 µg/d is the
best way of preventing this birth defect.
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Vitamin E is fat soluble and composed of a family of 8 related compounds, the tocopherols and the tocotrienols. The major
chemical forms of vitamin E (based on the location of a methyl group) are the tocopherols α, β, Δ, and γ. α-Tocopherol is

the most abundant form in foods and is generally the form used in supplements. However, there is at least some concern69
that preferential appearance of α-tocopherol in the plasma may displace γ-tocopherol in those taking supplements. Both αand γ-tocopherol may be associated with prostate cancer reduction.
Vitamin E, like other antioxidants, can scavenge free radicals and may, as a result, prevent oxidative damage to lipid
membranes and low-density lipoprotein (LDL). Vitamin E is also needed in immune function, and supplementation
enhances cell-mediated immunity in elderly patients.70 The current RDI for vitamin E is 20 mg (30 IU). Major dietary
sources of vitamin E include salad oils, margarine, legumes, and nuts.71 In people who take supplements (approximately 1
in 3 people), however, the greatest contributor to total intake is supplements. Vitamin E deficiency is rare and is seen
primarily in special situations resulting in fat malabsorption, including cystic fibrosis, chronic cholestatic liver disease,
abetalipoproteinemia, and short bowel syndrome. Clinical manifestations of vitamin E deficiency include muscle weakness,
ataxia, and hemolysis. In adults, 200 to 800 mg/d is generally tolerated without adverse effects, with the exception of
gastrointestinal upset. With doses of 800 to 1200 mg/d, antiplatelet effects and bleeding may occur. Doses higher than 1200
mg/d may result in headache, fatigue, nausea, diarrhea, cramping, weakness, blurred vision, and gonadal dysfunction.49
Coronary Heart Disease
Vitamin E is postulated to prevent atherosclerotic disease not only by its antioxidant effects, but also by inhibitory effects
upon smooth muscle proliferation72 and platelet adhesion.73 Observational studies have reported that vitamin E is a
protective factor for CHD. The Nurses' Health Study16 found that women taking vitamin E at more than 67 mg/d (100 IU,
or about 20 times the amount in a usual Western diet) had a 44% reduction in major coronary disease. Women who took
vitamin E supplements for more than 2 years accounted for the majority of this observed risk reduction. Dietary intake of
vitamin E alone, as opposed to supplements, had no impact on the risk of CHD. Similar results were noted in a cohort of
men, with protective effects limited to those consuming doses of at least 67 mg/d (100 IU).17
Unfortunately, clinical trials have not found that vitamin E supplementation, even in high doses and high-risk patients,
protects against CHD. Three of 4 large clinical trials18 - 21 examining the effect of vitamin E supplementation in patients
with higher risk or preexisting CHD, with varying dose and duration, failed to show a benefit. In the Cambridge Heart
Antioxidant Study (CHAOS),22 α-tocopherol at 267 to 533 mg/d (400-800 IU) reduced the 1-year rate of nonfatal
myocardial infarctions among patients with known CHD by 80% but caused no reduction in cardiovascular mortality. The
use of vitamin E saved $578 for each patient throughout a 3-year period, largely because of a reduction in hospital
admissions for myocardial infarction.74 In the Alpha-Tocopherol Beta-Carotene (ATBC) trial,18 the largest such trial
completed, no association was observed between vitamin E at 50 mg/d (75 IU) and CHD mortality or angina.19 Two recent
large randomized trials in high-risk patients showed no difference between vitamin E and placebo on cardiovascular
events.20 - 21 The larger trial used 267 mg (400 IU) of vitamin E and included follow-up for an average of 4.5 years.20 One
recent trial of vitamin E at 533 mg/d (800 IU) in dialysis patients showed reduced risk of cardiovascular events, including
myocardial infarction.75
Overall, there is strong evidence that vitamin E does not substantially decrease cardiovascular mortality, at least when taken
throughout a period of a few years by patients with known coronary artery disease or who are at high risk. However, the
observational studies showing a protective effect of vitamin E were all among lower-risk populations, and there are no trial
data from similar populations. Vitamin E may still be useful in primary prevention when taken throughout long periods. In
addition, some subgroups, including patients receiving dialysis, may benefit from supplementation.
Prostate Cancer
Although the relationship between vitamin E and the major cancers (breast, lung, prostate, and colon) has been evaluated in
many studies, the weight of evidence does not support a strong association, with the exception of prostate cancer. There is
evidence that α-tocopherol may decrease prostate cancer risk among smokers. In the ATBC trial, in which the participants
were all male smokers, α-tocopherol supplementation decreased prostate cancer incidence and mortality.25 Two other
studies supported an association between vitamin E and decreased prostate cancer risk,23 particularly among smokers.24
Studies of vitamin E in plasma and prostate cancer have been mixed. Two older serum studies of α-tocopherol showed no
association,40 - 41 but a recent plasma study reported inverse relationships for α- and γ-tocopherol.76 Although few other
studies have examined the relationship between γ-tocopherol and prostate cancer, 2 studies showed no association23 or a
modest reduction in risk.41
The state of the evidence suggests a possible reduction in prostate cancer risk with α-tocopherol supplements, which may
be limited to smokers. The paucity of evidence, in addition to concerns over which form is more likely to have clinical
effects, suggests that making recommendations for supplementation is premature.
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Carotenoids are a class of yellow, orange, and red plant-derived compounds. All of the more than 600 known carotenoids
are antioxidants, and approximately 50 are vitamins because they have provitamin A activity. Vitamin A refers to preformed
retinol and the carotenoids that are converted to retinol by cleavage of a central bond. There is no known deficiency state
for carotenoids themselves and no RDI. Carotenoid toxicity includes carotenodermia (yellowing of the skin) and, rarely,
diarrhea or arthralgias. Beta carotene has historically received the most attention of the carotenoids because of its
provitamin A activity and prevalence in many foods. Two other carotenoids with provitamin A activity, alpha carotene and
beta cryptoxanthin, are prevalent in foods and contribute substantially to vitamin A intake. Other carotenoids without
provitamin A activity that are relatively well studied because of their higher concentrations in serum include lycopene,
lutein, and zeaxanthin.
It was proposed that beta carotene supplementation might prevent cardiovascular disease and cancer because of its
antioxidant effects. After disappointing findings from several studies, other carotenoids are now the subject of more
intensive investigation. Although much of the early evidence, particularly for cancer prevention, is derived from
observational studies of dietary carotenoid intake, some caution must be used in interpreting the findings. Associations
between diet and disease in observational studies may be due to the specific carotenoids, other vitamins or compounds in
fruits and vegetables, or substitution for dietary meat and fat. Genetic predisposition, underlying nutritional status,
smoking, and tissue-specific effects may be important.
Cancer
Many studies have evaluated the relationships between carotenoid intake and cancer. The best evidence is for lung, colon,
breast, and prostate cancers. Interest in carotenoids, specifically beta carotene, initially arose because of their antioxidant
effects, but retinol and the provitamin A carotenoids may also decrease cancer risk via other mechanisms such as inducing
cellular differentiation.
Lung Cancer
Observational studies strongly supported an inverse relationship between beta carotene intake and lung cancer risk. A 1995
review reported inverse relationships for 13 of 14 case-control studies, all of 5 cohort studies of dietary beta carotene
intake, and all of 7 studies on plasma levels.77 Two large cohort studies32 - 33 have also demonstrated inverse associations
for alpha carotene. A recent report combined updated observational data from the Nurses' Health Study and the Health
Professionals Follow-up Study and found significant risk reductions for lycopene and alpha carotene but nonsignificant risk
reductions for beta carotene. This report also noted a 32% reduction in risk of lung cancer for people consuming a diet high
in a variety of carotenoids.34
Two large randomized placebo-controlled trials, the ATBC study25 and the Beta Carotene and Retinol Efficacy Trial
study,28 assessed the risk of lung cancer among male smokers or asbestos workers receiving beta carotene supplements.
Both showed statistically significant increases in lung cancer risk among men who received the supplements. Additional
analyses from the ATBC study showed that much of the increased risk was confined to the heaviest smokers (>20 cigarettes
per day) and regular alcohol users.78 Three other intervention trials reported no increase in risk.29 - 30 ,35 These studies all
included small proportions of smokers.
These findings provide strong support that, at least among smokers, beta carotene supplementation increases the risk of
lung cancer. Alcohol use may modify this risk. Other carotenoids including alpha carotene or total carotenoid intake from
foods may be associated with decreased risk of lung cancer, although this evidence remains weak.
Colorectal Cancer
Five randomized trials have shown no reduction in colorectal cancer risk with beta carotene supplementation.25 ,28 - 29 ,35 ,
79 However, 2 of these did find that among regular alcohol users, beta carotene supplements decreased colon cancer risk.79
- 80 Supplementation among alcohol users may be more effective because their serum beta carotene levels appear to be
lower.81 - 85

Overall, beta carotene supplementation does not appear to decrease colorectal cancer risk. Because regular users of alcohol
have lower beta carotene levels, they may benefit from beta carotene supplements, although there is no strong evidence to
support this.
Prostate Cancer

The relationship between beta carotene and prostate cancer has been examined in observational studies and intervention
trials. In the largest cohort study of this relationship,36 beta carotene intake was not associated with prostate cancer risk, and
results from other observational studies have been mixed. Several intervention trials have studied the effects of beta
carotene supplementation on prostate cancer risk. In the ATBC study, prostate cancer incidence and mortality were
increased in the beta carotene supplementation group.25 However, the increased risk was limited to alcohol users, while
nonusers had a 32% lower risk than the placebo group. In the Physicians' Health Study, beta carotene supplementation was
not associated with prostate cancer risk overall.30 However, in the men in the lowest quartile of serum beta carotene level at
baseline, those assigned to beta carotene supplements had a 32% reduction in prostate cancer risk.85 A third large
intervention trial of beta carotene revealed no association with prostate cancer.28
More recently, investigators have reported on the relationship between the carotenoid lycopene and prostate cancer. Dietary
lycopene comes primarily from tomato products, including tomato paste, juice, and sauce, but watermelon, pink grapefruit,
and other fruits and vegetables also contribute to intake. Lycopene is not converted to vitamin A, and its effects may be due
to its antioxidant activity.86 Giovannucci et al36 reported a reduction in prostate cancer risk among men with high lycopene
consumption and those with high intakes of lycopene-rich foods, including tomatoes and tomato products. An earlier study
among a smaller cohort of Seventh-Day Adventists37 showed a reduced risk of prostate cancer associated with tomato
intake, and 2 additional cohort studies have reported preliminary findings, with similar findings for tomato products.38 - 39
Two of 3 studies of plasma or serum lycopene have provided further support for the hypothesis, reporting associations
between higher lycopene levels and reductions in prostate cancer risk.23 ,40 A third serum-based study41 found no
association but was limited by low serum lycopene levels. There have been no clinical trials of lycopene supplementation
for prostate cancer prevention.
In summary, there is insufficient evidence to draw conclusions regarding the relationship between beta carotene and
prostate cancer risk and some evidence of an increase in risk among alcohol users. Therefore, beta carotene
supplementation for prostate cancer prevention should not be encouraged. The evidence for a protective effect for lycopene
is more encouraging, although still inconclusive. Patients should not be encouraged to take lycopene supplements, since the
current epidemiological evidence is based on dietary intake and may not reflect a direct benefit of lycopene itself.86
Breast Cancer
Observational studies of carotenoids, mainly beta carotene, and breast cancer have produced mixed results. A
comprehensive review of the literature in 199787 reported that the majority of studies, all observational, did not show
reduced breast cancer risk with increased beta carotene consumption. Since that review, 4 cohort studies have all reported
no association between dietary carotenoids and breast cancer.88 - 91 A fifth cohort study found that premenopausal women,
particularly those with a positive family history, have significant reductions in breast cancer risk with increasing dietary
alpha and beta carotene, lutein/zeaxanthin, and total vitamin A intake.92 Six studies of serum carotenoids that were nested
within prospective cohorts have yielded mixed results. Results from 4 smaller studies showed no decrease in breast cancer
risk with higher serum carotenoids.93 - 96 In contrast, 2 larger serum studies found inverse relationships for beta
cryptoxanthin, lycopene, and lutein/zeaxanthin.97 - 98
Although recent results from larger serum studies are encouraging, the epidemiological evidence linking carotenoids to
breast cancer remains inconclusive. Women with higher serum carotenoids may have higher intake of other nutrients from
fruits and vegetables as well, and the carotenoids themselves may not be the protective agents.
Coronary Heart Disease
The antioxidant properties of the carotenoids have raised hope that they might prevent CHD, since oxidation of LDL, with
subsequent uptake by foam cells in the endothelium, is a known contributor to the disease.99 Also, beta carotene
specifically is carried on LDL particles and can quench singlet oxygen.99 Although case-control studies of the association
between beta carotene and CHD have been mixed, findings from prospective studies have generally found no effect.26 - 27 ,
100 Similarly, beta carotene did not reduce CHD risk in 5 primary prevention studies.25 ,28 - 31 More concerning, 2 studies
suggested increased mortality among smokers taking beta carotene supplements.18 - 19
Given the results from multiple trials, along with findings from observational studies, there is no reason to recommend beta

carotene supplementation for CHD prevention. There is no evidence to suggest a benefit among any subgroup of the
population, and smokers may be at increased risk.
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Vitamin D (calciferol) is not a true vitamin, since humans are able to synthesize it with adequate sunlight exposure. Via
photoconversion, 7-dehydrocholesterol becomes previtamin D3, which is metabolized in the liver to 25-hydroxyvitamin D3,
the major circulating form of vitamin D. In the kidney, this is converted to 2 metabolites, the more active one being 1,25dihydroxyvitamin D3. The other metabolite, 24,25-dihydroxyvitamin D3 appears to have a physiological role as well but is
less well studied.49 For simplicity, we refer to 1,25-dihydroxyvitamin D3 as vitamin D. The current RDI for vitamin D is
0.01 mg (400 IU). Vitamin D may also be ingested in the diet in the form of vitamin D3, a prohormone. Food sources
include fortified milk, saltwater fish, and fish-liver oil.
Vitamin D deficiency is associated with rickets in children. In adults, vitamin D deficiency leads to secondary
hyperparathyroidism, bone loss, osteopenia, osteoporosis, and increased fracture risk.44 Excessive supplement ingestion
(>0.05 mg [2000 IU]) or ingestion by patients with normal renal function can result in toxicity, including soft-tissue
calcification and hypercalcemia. Vitamin D acts as a steroid hormone, with effects on calcium absorption, phosphorous
homeostasis, bone turnover, and multiple other tissues.
Inadequate vitamin D levels are more common than previously thought, particularly among housebound and elderly people.
In a large international study of postmenopausal women, 4% were vitamin D deficient and another 24% had inadequate
vitamin D status, as reflected in elevated serum parathyroid hormone levels.42 In a study among medical inpatients, 57%
were vitamin D deficient and 22% were considered severely deficient.43 Vitamin D deficiency was correlated with poor
intake, winter, and being housebound. Another study showed that 50% of a group of postmenopausal women admitted with
hip fractures were vitamin D deficient.101 Among female adolescents in Finland during the winter, 62% had low vitamin D
concentrations, and 13% were vitamin D deficient. Low vitamin D levels were associated with low forearm bone mineral
densities.102
Vitamin D supplementation decreases bone turnover and increases bone mineral density, with measurable decreases in
parathyroid hormone.42 ,44 Most studies of vitamin D and fracture risk were done with supplemental calcium as well,
making the role of vitamin D alone difficult to assess. Supplementation with vitamin D and calcium decreases bone loss
and fracture rates in the elderly.45 Withdrawal of vitamin D and calcium supplements appears to result in return to former
bone turnover rates and no lasting benefits in terms of bone density within 2 years of discontinuation.103 In one trial of
vitamin D supplements only, no benefit on hip and other peripheral fractures was observed.104 An earlier trial of annual
vitamin D injection showed a reduction in fracture rates in the upper extremity and ribs only, a finding confined to the
women in the study.152
As is the case with several other vitamins, there is evidence that host factors such as genetic polymorphisms strongly
influence fracture risk and may determine the host response to vitamin D.105 The Bsml polymorphism of the vitamin D
receptor has been characterized, and the BB genotype is associated with a 2-fold increase in fracture risk after known risk
factors are adjusted.106 This polymorphism may have an effect on accumulation of bone mass during puberty and explain
some ethnic differences in bone mass.107
In summary, the effects of vitamin D on bone mass are strongly supported by the literature. Dark-skinned people are at
higher risk of deficiency (although at lower risk of fracture overall), as are those with little exposure to sunlight. In
addition, new evidence suggests that genetic polymorphisms modify the host response to vitamin D. Given the high
prevalence of vitamin D deficiency and its effects on bone mass, vitamin D supplementation at 400 IU daily can benefit a
large proportion of the population. The addition of calcium may be required to realize the beneficial effects of vitamin D in
preventing fracture risk.
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Vitamin C (ascorbic acid) is water soluble and acts as a cofactor in hydroxylation reactions, which are required for collagen
synthesis. It is also a strong antioxidant. The current RDI for vitamin C is 60 mg. Food sources of vitamin C include citrus
fruits, strawberries, melons, tomatoes, broccoli, and peppers.108 Vitamin C also promotes hormone synthesis, wound
healing, and iron absorption. Vitamin C deficiency results in scurvy, marked by bruising and easy bleeding. Large doses (up
to 2000 mg) of vitamin C are generally well tolerated, although doses above this range may result in nausea and diarrhea.49
Although one study raised some concern that high doses of vitamin C may precipitate calcium oxalate stones,109 this was
not observed in the only large prospective study of this relationship.110
Coronary Heart Disease
Because of vitamin C's antioxidant effects, many studies of CHD prevention include vitamin C supplementation. In
general, the evidence is unconvincing. Although several studies111 - 114 of dietary intake have suggested a modest benefit of
increased dietary vitamin C, others16 - 17 ,26 ,115 have reported no relationship between vitamin C intake and CHD. A single
observational study116 of vitamin C supplementation did show a reduced risk of coronary disease, although no adjustment
was made for vitamin E supplementation. Among patients with known CHD, there have been few studies on the role of
vitamin C, with generally null results.117 - 119 Of 2 prospective serum vitamin C studies, one120 showed decreased
cardiovascular mortality with increasing concentrations, but another121 showed no relationship. A randomized trial of
antioxidants for secondary prevention of CHD failed to show an association for vitamin C.119 There is some thought that
vitamins C and E together might yield additional benefits for preventing CHD, and some observational evidence supports
this hypothesis.122 Two ongoing randomized trials123 - 124 will provide additional evidence to help resolve this question.
Cancer
Diets high in vitamin C have been linked to lower cancer rates at several sites. A detailed review in 1995 suggested
moderately strong evidence for an inverse relationship between dietary vitamin C (mainly from high fruit and vegetable
intake) and cancers of the oral cavity, esophagus, and stomach.125 Reports from 2 recent prospective studies120 - 121 showed
increased total cancer mortality among men (but not women) with lower serum vitamin C levels. Recent studies have also
supported inverse associations between dietary vitamin C and oral cancer,126 gastric cancer,127 and premenopausal breast
cancer,128 particularly among women with a positive family history.92 A meta-analysis129 also found decreased breast
cancer risk (20% risk reduction) associated with high dietary vitamin C intake. In contrast, a recent cohort analysis91
showed no overall relationship with vitamin C intake, and a prospective plasma study130 showed no associations between
prediagnostic vitamin C levels and breast cancer risk.
Overall, it does not appear that vitamin C is strongly associated with cardiovascular disease. The evidence is moderately
strong that diets high in vitamin C are associated with decreased risk of cancers of the oral cavity, esophagus, stomach, and
breast. However, it remains unclear whether this decrease is because of high intake of fruits and vegetables (which offer a
wide range of other nutrients) or whether vitamin C itself is the protective nutrient. In addition, there are no studies
suggesting that vitamin C supplementation is associated with decreased cancer risk. If diets high in vitamin C do decrease
cancers at multiple sites, a large proportion of the population could benefit.
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Vitamin A refers to a family of fat-soluble compounds called retinoids, which have vitamin A activity. Retinol is the

predominant form, and 11-cis retinal is the active form important for vision. Approximately 50 of the more than 600
carotenoids can be converted to vitamin A. The current RDI for vitamin A is 1500 µg/L (5000 IU). Preformed vitamin A is
found only in animal products, including organ meats, fish, egg yolks, and fortified milk. Retinol-binding protein binds
vitamin A and regulates its uptake and metabolism. Vitamin A is critical in vision (particularly night vision), the immune
response, and epithelial cell growth and repair, among other functions. Vitamin A deficiency is marked by xerophthalmia,
night blindness, and increased disease susceptibility. Vitamin A toxicity results in hepatotoxicity, visual changes, and
craniofacial anomalies in fetuses (beginning at doses of only 3 times the daily allowance, or 15 000 IU).49 ,131 Two studies
have also reported doubling of hip fracture rates among women with high retinol intake from food or supplements (>1.5
mg/d in one study132 and 2.0 mg/d in the other133 ). Interest centers on its functions in cancer prevention and immunity,
particularly in children in developing countries.134
Because of its effects on the epithelium and on immunity, retinol has been investigated as a chemoprotective agent for
several cancers. The relationship between retinol and bladder cancer has been studied in multiple case-control and cohort
studies. A review in 1996135 suggested a modest overall association, but this was mainly attributed to carotenoid intake. A
recent meta-analysis136 concluded that diets high in fruits and vegetables were associated with decreased risk of bladder
cancer but found no association with retinol. Many groups have also examined the relationship between retinol intake and
breast cancer. A review in 1994137 concluded that existing evidence supported a modest inverse relationship between
vitamin A and breast cancer, although it was unclear whether carotenoids or retinol was the key nutrient. Since that review,
3 prospective cohort studies have been published; 2 showed a modest decrease in risk for retinol or total vitamin A,88 ,92
and 1 showed no association.91
There is interest in vitamin A analogues as chemopreventive agents for breast cancer. One large study138 of fenretinide
given to breast cancer survivors for an average of 5 years showed no decrease in secondary breast cancers. Serum studies of
retinol and cancer are unreliable because serum levels are tightly controlled and do not generally reflect intake.137 No other
cancers have been convincingly associated with retinol intake.
Vitamin A may decrease the risk of bladder and breast cancers, but the evidence is weak. There are few studies examining
gene-diet interactions with regard to vitamin A, but variation in retinol-binding protein may prove to be an important area
of inquiry.
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Vitamin K is fat soluble and essential for normal clotting, specifically for production of prothrombin and factors VII, IX,
and X and proteins C and S. It is also necessary for normal bone metabolism. The current RDI for vitamin K is 80 µg/L.
Dietary sources of vitamin K include dark-green vegetables, particularly spinach, but it is also synthesized by intestinal
bacteria. Vitamin K deficiency, which results in clotting disorders, occurs when either intake is inadequate or intestinal
bacteria, which synthesize vitamin K, are altered. Newborn infants are also at risk because of poor placental transfer of
vitamin K, lack of intestinal bacteria, and low content in breast milk. For this reason, they receive intramuscular vitamin K
at birth. There is no known toxicity state for vitamin K.49
Coagulation
In adults, the most critical role of vitamin K relates to clotting. Patients with poor intake throughout a long period are
particularly at risk when taking antibiotics, which deplete intestinal bacteria. Other risk factors for vitamin K deficiency
include renal or hepatic disease and malabsorption. Most patients present with poor clotting function or hemorrhage.139
- 140 An important clinical application of vitamin K occurs in patients taking warfarin, which works by inhibiting the
vitamin K–dependent γ-carboxylation of coagulation factors II, VII, IX, and X. Dietary variation in vitamin K consumption
can lead to difficulty with warfarin dosing; anticoagulated patients should be given clear instructions on diet.141 Patients
who are excessively anticoagulated can be treated effectively with either oral or parenteral vitamin K.142 - 143
Fracture Risk
There is also newer interest in the role of vitamin K in bone metabolism.144 Vitamin K is a cofactor in the γ-carboxylation

of glutamyl residues on osteocalcin and other bone proteins,145 raising the question of whether deficiency may contribute to
osteoporosis.146 Lower bone mineral density147 and higher fracture rates148 - 149 have been reported among patients with
lower circulating vitamin K levels. In addition, women with low dietary vitamin K levels were at increased risk of hip
fracture in 2 prospective cohorts.150 - 151
Vitamin K is essential for normal clotting. Supplementation may prevent fractures, but the evidence for this is not strong.
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Although the clinical syndromes of vitamin deficiencies are unusual in Western societies, suboptimal vitamin status is not.
Because suboptimal vitamin status is associated with many chronic diseases, including cardiovascular disease, cancer, and
osteoporosis, it is important for physicians to identify patients with poor nutrition or other reasons for increased vitamin
needs. The science of vitamin supplementation for chronic disease prevention is not well developed, and much of the
evidence comes from observational studies.
Scientific Review and Clinical Applications Section Editor: Wendy Levinson, MD, Contributing Editor

REFERENCES
AUTHOR INFORMATION | ABSTRACT | TABLE 1. CLINICAL SITUATIONS IN WHICH VITAMIN DEFICIENCY
SYNDROMES OCCUR | TABLE 2. SUMMARY OF COHORT STUDIES AND RANDOMIZED TRIALS OF MAJOR
VITAMIN-DISEASE RELATIONSHIPS | TABLE 3. CURRENT REFERENCE DAILY INTAKES FOR VITAMINS |
FOLATE, VITAMIN B | B VITAMINS AND CHD | FOLATE AND CANCER | VITAMIN E | CAROTENOIDS |
VITAMIN D | VITAMIN C | VITAMIN A | VITAMIN K | COMMENT | REFERENCES
1 Balluz LS, Kieszak SM, Philen RM, Mulinare J. Vitamin and mineral supplement use in the United States: results from
the third National Health and Nutrition Examination Survey. Arch Fam Med.2000;9:258-262.
2 Morrison HI, Schaubel D, Desmeules M, Wigle DT. Serum folate and risk of fatal coronary heart
disease. JAMA.1996;275:1893-1896.
3 Rimm EB, Willett WC, Hu FB. et al. Folate and vitamin B6 from diet and supplements in relation to risk of coronary
heart disease among women. JAMA.1998;279:359-364.
4 Homocysteine Lowering Trialists' Collaboration. Lowering blood homocysteine with folic acid based supplements:
meta-analysis of randomised trials. BMJ.1998;316:894-898.
5 Eikelboom JW, Lonn E, Genest Jr J, Hankey G, Yusuf S. Homocyst(e)ine and cardiovascular disease: a critical review of
the epidemiologic evidence. Ann Intern Med.1999;131:363-375.
6 Bostom AG, Garber C. Endpoints for homocysteine-lowering trials. Lancet.2000;355:511-512.
7 Giovannucci E, Rimm EB, Ascherio A, Stampfer MJ, Colditz GA, Willett WC. Alcohol, low-methionine–low-folate
diets, and risk of colon cancer in men. J Natl Cancer Inst.1995;87:265-273.
8 Giovannucci E, Stampfer MJ, Colditz GA. et al. Multivitamin use, folate, and colon cancer in women in the Nurses'
Health Study. Ann Intern Med.1998;129:517-524.
9 Su LJ, Arab L. Nutritional status of folate and colon cancer risk: evidence from NHANES I epidemiologic follow-up
study. Ann Epidemiol.2001;11:65-72.
10 Zhang S, Hunter DJ, Hankinson SE. et al. A prospective study of folate intake and the risk of breast
cancer. JAMA.1999;281:1632-1637.
11 Rohan TE, Jain MG, Howe GR, Miller AB. Dietary folate consumption and breast cancer risk. J Natl Cancer
Inst.2000;92:266-269.
12 Sellers TA, Kushi LH, Cerhan JR. et al. Dietary folate intake, alcohol, and risk of breast cancer in a prospective study
of postmenopausal women. Epidemiology.2001;12:420-428.
13 Milunsky A, Jick H, Jick SS. et al. Multivitamin/folic acid supplementation in early pregnancy reduces the prevalence
of neural tube defects. JAMA.1989;262:2847-2852.
14 Czeizel AE, Dudas I. Prevention of the first occurrence of neural-tube defects by periconceptional vitamin
supplementation. N Engl J Med.1992;327:1832-1835.
15 MRC Vitamin Study Research Group. Prevention of neural tube defects: results of the Medical Research Council

Vitamin Study. Lancet.1991;338:131-137.
16 Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner B, Willett WC. Vitamin E consumption and the risk of
coronary disease in women. N Engl J Med.1993;328:1444-1449.
17 Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA, Willett WC. Vitamin E consumption and the risk of
coronary heart disease in men. N Engl J Med.1993;328:1450-1456.
18 Rapola JM, Virtamo J, Ripatti S. et al. Randomised trial of alpha-tocopherol and beta-carotene supplements on
incidence of major coronary events in men with previous myocardial infarction. Lancet.1997;349:1715-1720.
19 Rapola JM, Virtamo J, Haukka JK. et al. Effect of vitamin E and beta carotene on the incidence of angina pectoris: a
randomized, double-blind, controlled trial. JAMA.1996;275:693-698.
20 Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P.for the Heart Outcomes Prevention Evaluation Study
Investigators. Vitamin E supplementation and cardiovascular events in high-risk patients. N Engl J Med.2000;342:154160.
21 deGaetaro G.for the Collaborative Group of the Primary Prevention Project. Low-dose aspirin and vitamin E in people
at cardiovascular risk: a randomised trial in general practice. Lancet.2001;357:89-95.
22 Stephens NG, Parsons A, Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ. Randomised controlled trial of vitamin
E in patients with coronary disease: Cambridge Heart Antioxidant Study (CHAOS). Lancet.1996;347:781-786.
23 Gann PH, Ma J, Giovannucci E. et al. Lower prostate cancer risk in men with elevated plasma lycopene levels: results
of a prospective analysis. Cancer Res.1999;59:1225-1230.
24 Chan JM, Stampfer MJ, Ma J, Rimm EB, Willett WC, Giovannucci EL. Supplemental vitamin E intake and prostate
cancer risk in a large cohort of men in the United States. Cancer Epidemiol Biomarkers Prev.1999;8:893-899.
25 Not Available. The effect of vitamin E and beta carotene on the incidence of lung cancer and other cancers in male
smokers: the Alpha-Tocopherol Beta Carotene Cancer Prevention Study Group. N Engl J Med.1994;330:1029-1035.
26 Kushi LH, Folsom AR, Prineas RJ, Mink PJ, Wu Y, Bostick RM. Dietary antioxidant vitamins and death from coronary
heart disease in postmenopausal women. N Engl J Med.1996;334:1156-1162.
27 Evans RW, Shaten BJ, Day BW, Kuller LH. Prospective association between lipid soluble antioxidants and coronary
heart disease in men: the Multiple Risk Factor Intervention Trial. Am J Epidemiol.1998;147:180-186.
28 Omenn GS, Goodman GE, Thornquist MD. et al. Effects of a combination of beta carotene and vitamin A on lung
cancer and cardiovascular disease. N Engl J Med.1996;334:1150-1155.
29 Blot WJ, Li JY, Taylor PR. et al. Nutrition intervention trials in Linxian, China: supplementation with specific
vitamin/mineral combinations, cancer incidence, and disease-specific mortality in the general population. J Natl Cancer
Inst.1993;85:1483-1492.
30 Hennekens CH, Buring JE, Manson JE. et al. Lack of effect of long-term supplementation with beta carotene on the
incidence of malignant neoplasms and cardiovascular disease. N Engl J Med.1996;334:1145-1149.
31 Greenberg ER, Baron JA, Karagas MR. et al. Mortality associated with low plasma concentration of beta carotene and
the effect of oral supplementation. JAMA.1996;275:699-703.
32 Speizer FE, Colditz GA, Hunter DJ, Rosner B, Hennekens C. Prospective study of smoking, antioxidant intake, and lung
cancer in middle-aged women (USA). Cancer Causes Control.1999;10:475-482.
33 Knekt P, Jarvinen R, Teppo L, Aromaa A, Seppanen R. Role of various carotenoids in lung cancer prevention. J Natl
Cancer Inst.1999;91:182-184.
34 Michaud DS, Feskanich D, Rimm EB. et al. Intake of specific carotenoids and risk of lung cancer in 2 prospective US
cohorts. Am J Clin Nutr.2000;72:990-997.
35 Lee IM, Cook NR, Manson JE, Buring JE, Hennekens CH. Beta-carotene supplementation and incidence of cancer and
cardiovascular disease: the Women's Health Study. J Natl Cancer Inst.1999;91:2102-2106.
36 Giovannucci E, Ascherio A, Rimm EB, Stampfer MJ, Colditz GA, Willett WC. Intake of carotenoids and retinol in
relation to risk of prostate cancer. J Natl Cancer Inst.1995;87:1767-1776.
37 Mills PK, Beeson WL, Phillips RL, Fraser GE. Cohort study of diet, lifestyle, and prostate cancer in Adventist
men. Cancer.1989;64:598-604.
38 Cerhan J, Chiu B, Putnam S, Parker A, Robbins M, Lynch C. A cohort study of diet and prostate cancer risk
[abstract]. Cancer Epidemiol Biomarkers Prev.1998;7:175.
39 Baldwin D, Naco G, Petersen F, Fraser G, Ruckle H. The effect of nutritional and clinical factors upon serum prostate
specific antigen and prostate cancer risk in a population of elderly California men [abstract]. Paper presented at: 1997
Annual Meeting of the American Urological Association; April 12-17, 1997; New Orleans, La.
40 Hsing AW, Comstock GW, Abbey H, Polk BF. Serologic precursors of cancer: retinol, carotenoids, and tocopherol and
risk of prostate cancer. J Natl Cancer Inst.1990;82:941-946.
41 Nomura AM, Stemmermann GN, Lee J, Craft NE. Serum micronutrients and prostate cancer in Japanese Americans in
Hawaii. Cancer Epidemiol Biomarkers Prev.1997;6:487-491.
42 Lips P, Duong T, Oleksik A. et al. A global study of vitamin D status and parathyroid function in postmenopausal
women with osteoporosis: baseline data from the multiple outcomes of raloxifene evaluation clinical trial. J Clin
Endocrinol Metab.2001;86:1212-1221.
43 Thomas MK, Lloyd-Jones DM, Thadhani RI. et al. Hypovitaminosis D in medical inpatients. N Engl J
Med.1998;338:777-783.

44 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.
45 Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of calcium and vitamin D supplementation on bone density
in men and women 65 years of age or older. N Engl J Med.1997;337:670-676.
46 Not Available. Facts about dietary supplements [National Institutes of Health Clinical Center Web site]. Available at:
http://www.cc.nih.gov/ccc/supplements. Accessibility verified April 22, 2002.
47 Graham IM, Daly LE, Refsum HM. et al. Plasma homocysteine as a risk factor for vascular disease: the European
Concerted Action Project. JAMA.1997;277:1775-1781.
48 Welch GN, Loscalzo J. Homocysteine and atherothrombosis. N Engl J Med.1998;338:1042-1050.
49 Ziegler EE. Present Knowledge in Nutrition. Washington, DC: International Life Sciences Institute; 1996.
50 Jacques PF, Selhub J, Bostom AG, Wilson PW, Rosenberg IH. The effect of folic acid fortification on plasma folate and
total homocysteine concentrations. N Engl J Med.1999;340:1449-1454.
51 Dong MH, McGown EL, Schwenneker BW, Sauberlich HE. Thiamin, riboflavin, and vitamin B6 contents of selected
foods as served. J Am Diet Assoc.1980;76:156-160.
52 Green R, Kinsella LJ. Current concepts in the diagnosis of cobalamin deficiency. Neurology.1995;45:1435-1440.
53 Nygard O, Refsum H, Ueland PM, Vollset SE. Major lifestyle determinants of plasma total homocysteine distribution:
the Hordaland Homocysteine Study. Am J Clin Nutr.1998;67:263-270.
54 Selhub J, Jacques PF, Rosenberg IH. et al. Serum total homocysteine concentrations in the third National Health and
Nutrition Examination Survey (1991-1994): population reference ranges and contribution of vitamin status to high serum
concentrations. Ann Intern Med.1999;131:331-339.
55 Wald DS, Bishop L, Wald NJ. et al. Randomized trial of folic acid supplementation and serum homocysteine
levels. Arch Intern Med.2001;161:695-700.
56 Selhub J, Jacques PF, Wilson PW, Rush D, Rosenberg IH. Vitamin status and intake as primary determinants of
homocysteinemia in an elderly population. JAMA.1993;270:2693-2698.
57 Ubbink JB, Vermaak WJ, van der Merwe A, Becker PJ. Vitamin B-12, vitamin B-6, and folate nutritional status in men
with hyperhomocysteinemia. Am J Clin Nutr.1993;57:47-53.
58 Robinson K, Arheart K, Refsum H. et al. for the European COMAC Group. Low circulating folate and vitamin B6
concentrations: risk factors for stroke, peripheral vascular disease, and coronary artery disease. Circulation.1998;97:437443.
59 Kim YI. Folate and cancer prevention: a new medical application of folate beyond hyperhomocysteinemia and neural
tube defects. Nutr Rev.1999;57:314-321.
60 Chen J, Giovannucci E, Kelsey K. et al. A methylenetetrahydrofolate reductase polymorphism and the risk of
colorectal cancer. Cancer Res.1996;56:4862-4864.
61 Slattery ML, Potter JD, Samowitz W, Schaffer D, Leppert M. Methylenetetrahydrofolate reductase, diet, and risk of
colon cancer. Cancer Epidemiol Biomarkers Prev.1999;8:513-518.
62 Smithells RW, Sheppard S, Schorah CJ. Vitamin deficiencies and neural tube defects. Arch Dis Child.1976;51:944-950.
63 Mulinare J, Cordero JF, Erickson JD, Berry RJ. Periconceptional use of multivitamins and the occurrence of neural tube
defects. JAMA.1988;260:3141-3145.
64 Bower C, Stanley FJ. Dietary folate as a risk factor for neural-tube defects: evidence from a case-control study in
Western Australia. Med J Aust.1989;150:613-619.
65 Werler MM, Shapiro S, Mitchell AA. Periconceptional folic acid exposure and risk of occurrent neural tube
defects. JAMA.1993;269:1257-1261.
66 Shaw GM, Schaffer D, Velie EM, Morland K, Harris JA. Periconceptional vitamin use, dietary folate, and the
occurrence of neural tube defects. Epidemiology.1995;6:219-226.
67 Smithells RW, Sheppard S, Schorah CJ. et al. Apparent prevention of neural tube defects by periconceptional vitamin
supplementation. Arch Dis Child.1981;56:911-918.
68 Wald NJ, Law MR, Morris JK, Wald DS. Quantifying the effect of folic acid. Lancet.2001;358:2069-2073.
69 Giovannucci E. Gamma-tocopherol: a new player in prostate cancer prevention? J Natl Cancer Inst.2000;92:19661967.
70 Meydani SN, Meydani M, Blumberg JB. et al. Vitamin E supplementation and in vivo immune response in healthy
elderly subjects: a randomized controlled trial. JAMA.1997;277:1380-1386.
71 McLaughlin PJ, Weihrauch JL. Vitamin E content of foods. J Am Diet Assoc.1979;75:647-665.
72 Boscoboinik D, Szewczyk A, Hensey C, Azzi A. Inhibition of cell proliferation by alpha-tocopherol: role of protein
kinase C. J Biol Chem.1991;266:6188-6194.
73 Steiner M. Vitamin E: more than an antioxidant. Clin Cardiol.1993;16:I16-I18.
74 Davey PJ, Schulz M, Gliksman M, Dobson M, Aristides M, Stephens NG. Cost-effectiveness of vitamin E therapy in the
treatment of patients with angiographically proven coronary narrowing (CHAOS trial): Cambridge Heart Antioxidant
Study. Am J Cardiol.1998;82:414-417.
75 Boaz M, Smetana S, Weinstein T. et al. Secondary prevention with antioxidants of cardiovascular disease in endstage
renal disease (SPACE): randomised placebo-controlled trial. Lancet.2000;356:1213-1218.
76 Helzlsouer KJ, Huang HY, Alberg AJ. et al. Association between alpha-tocopherol, gamma-tocopherol, selenium, and

subsequent prostate cancer. J Natl Cancer Inst.2000;92:2018-2023.
77 van Poppel G, Goldbohm RA. Epidemiologic evidence for beta-carotene and cancer prevention. Am J Clin
Nutr.1995;62:1393S-1402S.
78 Albanes D, Heinonen OP, Taylor PR. et al. Alpha-Tocopherol and beta-carotene supplements and lung cancer incidence
in the alpha-tocopherol, beta-carotene cancer prevention study: effects of base-line characteristics and study compliance. J
Natl Cancer Inst.1996;88:1560-1570.
79 Cook NR, Lee IM, Manson JE, Buring JE, Hennekens CH. Effects of beta-carotene supplementation on cancer
incidence by baseline characteristics in the Physicians' Health Study (United States). Cancer Causes Control.2000;11:617626.
80 Glynn SA, Albanes D, Pietinen P. et al. Alcohol consumption and risk of colorectal cancer in a cohort of Finnish
men. Cancer Causes Control.1996;7:214-223.
81 McLarty JW, Holiday DB, Girard WM, Yanagihara RH, Kummet TD, Greenberg SD. Beta-Carotene, vitamin A, and
lung cancer chemoprevention: results of an intermediate endpoint study. Am J Clin Nutr.1995;62:1431S-1438S.
82 Fukao A, Tsubono Y, Kawamura M. et al. The independent association of smoking and drinking with serum betacarotene levels among males in Miyagi, Japan. Int J Epidemiol.1996;25:300-306.
83 Kitamura Y, Tanaka K, Kiyohara C. et al. Relationship of alcohol use, physical activity and dietary habits with serum
carotenoids, retinol and alpha-tocopherol among male Japanese smokers. Int J Epidemiol.1997;26:307-314.
84 Albanes D, Virtamo J, Taylor PR, Rautalahti M, Pietinen P, Heinonen OP. Effects of supplemental beta-carotene,
cigarette smoking, and alcohol consumption on serum carotenoids in the Alpha-Tocopherol, Beta-Carotene Cancer
Prevention Study. Am J Clin Nutr.1997;66:366-372.
85 Cook NR, Stampfer MJ, Ma J. et al. Beta-carotene supplementation for patients with low baseline levels and decreased
risks of total and prostate carcinoma. Cancer.1999;86:1783-1792.
86 Giovannucci E. Tomatoes, tomato-based products, lycopene, and cancer: review of the epidemiologic literature. J Natl
Cancer Inst.1999;91:317-331.
87 Clavel-Chapelon F, Niravong M, Joseph RR. Diet and breast cancer: review of the epidemiologic literature. Cancer
Detect Prev.1997;21:426-440.
88 Kushi LH, Fee RM, Sellers TA, Zheng W, Folsom AR. Intake of vitamins A, C, and E and postmenopausal breast
cancer: the Iowa Women's Health Study. Am J Epidemiol.1996;144:165-174.
89 Verhoeven DT, Assen N, Goldbohm RA. et al. Vitamins C and E, retinol, beta-carotene and dietary fibre in relation to
breast cancer risk: a prospective cohort study. Br J Cancer.1997;75:149-155.
90 Jarvinen R, Knekt P, Seppanen R, Teppo L. Diet and breast cancer risk in a cohort of Finnish women. Cancer
Lett.1997;114:251-253.
91 Michels KB, Holmberg L, Bergkvist L, Ljung H, Bruce A, Wolk A. Dietary antioxidant vitamins, retinol, and breast
cancer incidence in a cohort of Swedish women. Int J Cancer.2001;91:563-567.
92 Zhang S, Hunter DJ, Forman MR. et al. Dietary carotenoids and vitamins A, C, and E and risk of breast cancer. J Natl
Cancer Inst.1999;91:547-556.
93 Willett WC, Polk BF, Underwood BA. et al. Relation of serum vitamins A and E and carotenoids to the risk of
cancer. N Engl J Med.1984;310:430-434.
94 Wald NJ, Boreham J, Hayward JL, Bulbrook RD. Plasma retinol, beta-carotene and vitamin E levels in relation to the
future risk of breast cancer. Br J Cancer.1984;49:321-324.
95 Knekt P, Aromaa A, Maatela J. et al. Serum vitamin A and subsequent risk of cancer: cancer incidence follow-up of the
Finnish Mobile Clinic Health Examination Survey. Am J Epidemiol.1990;132:857-870.
96 Comstock GW, Helzlsouer KJ, Bush TL. Prediagnostic serum levels of carotenoids and vitamin E as related to
subsequent cancer in Washington County, Maryland. Am J Clin Nutr.1991;53:260S-264S.
97 Dorgan JF, Sowell A, Swanson CA. et al. Relationships of serum carotenoids, retinol, alpha-tocopherol, and selenium
with breast cancer risk: results from a prospective study in Columbia, Missouri (United States). Cancer Causes
Control.1998;9:89-97.
98 Toniolo P, Van Kappel AL, Akhmedkhanov A. et al. Serum carotenoids and breast cancer. Am J
Epidemiol.2001;153:1142-1147.
99 Diaz MN, Frei B, Vita JA, Keaney Jr JF. Antioxidants and atherosclerotic heart disease. N Engl J Med.1997;337:408416.
100 Sahyoun NR, Jacques PF, Russell RM. Carotenoids, vitamins C and E, and mortality in an elderly population. Am J
Epidemiol.1996;144:501-511.
101 LeBoff MS, Kohlmeier L, Hurwitz S, Franklin J, Wright J, Glowacki J. Occult vitamin D deficiency in postmenopausal
US women with acute hip fracture. JAMA.1999;281:1505-1511.
102 Outila TA, Karkkainen MU, Lamberg-Allardt CJ. Vitamin D status affects serum parathyroid hormone concentrations
during winter in female adolescents: associations with forearm bone mineral density. Am J Clin Nutr.2001;74:206-210.
103 Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of withdrawal of calcium and vitamin D supplements on
bone mass in elderly men and women. Am J Clin Nutr.2000;72:745-750.
104 Lips P, Graafmans WC, Ooms ME, Bezemer PD, Bouter LM. Vitamin D supplementation and fracture incidence in
elderly persons: a randomized, placebo-controlled clinical trial. Ann Intern Med.1996;124:400-406.

105 Morrison NA, Qi JC, Tokita A. et al. Prediction of bone density from vitamin D receptor
alleles. Nature.1994;367:284-287.
106 Feskanich D, Hunter DJ, Willett WC. et al. Vitamin D receptor genotype and the risk of bone fractures in
women. Epidemiology.1998;9:535-539.
107 Nelson DA, Vande Vord PJ, Wooley PH. Polymorphism in the vitamin D receptor gene and bone mass in AfricanAmerican and white mothers and children: a preliminary report. Ann Rheum Dis.2000;59:626-630.
108 Vanderslice JT, Higgs DJ. Vitamin C content of foods: sample variability. Am J Clin Nutr.1991;54:1323S-1327S.
109 Urivetzky M, Kessaris D, Smith AD. Ascorbic acid overdosing: a risk factor for calcium oxalate nephrolithiasis. J
Urol.1992;147:1215-1218.
110 Curhan GC, Willett WC, Rimm EB, Stampfer MJ. A prospective study of the intake of vitamins C and B6, and the risk
of kidney stones in men. J Urol.1996;155:1847-1851.
111 Kritchevsky SB, Shimakawa T, Tell GS. et al. for the Atherosclerosis Risk in Communities Study. Dietary
antioxidants and carotid artery wall thickness: the ARIC Study. Circulation.1995;92:2142-2150.
112 Knekt P, Reunanen A, Jarvinen R, Seppanen R, Heliovaara M, Aromaa A. Antioxidant vitamin intake and coronary
mortality in a longitudinal population study. Am J Epidemiol.1994;139:1180-1189.
113 Nyyssonen K, Parviainen MT, Salonen R, Tuomilehto J, Salonen JT. Vitamin C deficiency and risk of myocardial
infarction: prospective population study of men from eastern Finland. BMJ.1997;314:634-638.
114 Joshipura KJ, Hu FB, Manson JE. et al. The effect of fruit and vegetable intake on risk for coronary heart
disease. Ann Intern Med.2001;134:1106-1114.
115 Gale CR, Martyn CN, Winter PD, Cooper C. Vitamin C and risk of death from stroke and coronary heart disease in
cohort of elderly people. BMJ.1995;310:1563-1566.
116 Enstrom JE, Kanim LE, Klein MA. Vitamin C intake and mortality among a sample of the United States
population. Epidemiology.1992;3:194-202.
117 Ramirez J, Flowers NC. Leukocyte ascorbic acid and its relationship to coronary artery disease in man. Am J Clin
Nutr.1980;33:2079-2087.
118 Hodis HN, Mack WJ, LaBree L. et al. Serial coronary angiographic evidence that antioxidant vitamin intake reduces
progression of coronary artery atherosclerosis. JAMA.1995;273:1849-1854.
119 Tardif JC, Cote G, Lesperance J. et al. Probucol and multivitamins in the prevention of restenosis after coronary
angioplasty: Multivitamins and Probucol Study Group. N Engl J Med.1997;337:365-372.
120 Khaw KT, Bingham S, Welch A. et al. for the European Prospective Investigation into Cancer and Nutrition. Relation
between plasma ascorbic acid and mortality in men and women in EPIC-Norfolk prospective study: a prospective
population study. Lancet.2001;357:657-663.
121 Loria CM, Klag MJ, Caulfield LE, Whelton PK. Vitamin C status and mortality in US adults. Am J Clin
Nutr.2000;72:139-145.
122 Losonczy KG, Harris TB, Havlik RJ. Vitamin E and vitamin C supplement use and risk of all-cause and coronary heart
disease mortality in older persons: the Established Populations for Epidemiologic Studies of the Elderly. Am J Clin
Nutr.1996;64:190-196.
123 Christen WG, Gaziano JM, Hennekens CH. Design of Physicians' Health Study II: a randomized trial of beta-carotene,
vitamins E and C, and multivitamins, in prevention of cancer, cardiovascular disease, and eye disease, and review of results
of completed trials. Ann Epidemiol.2000;10:125-134.
124 Manson JE, Gaziano JM, Spelsberg A. et al. for the WACS Research Group. A secondary prevention trial of
antioxidant vitamins and cardiovascular disease in women: rationale, design, and methods. Ann Epidemiol.1995;5:261269.
125 Byers T, Guerrero N. Epidemiologic evidence for vitamin C and vitamin E in cancer prevention. Am J Clin
Nutr.1995;62:1385S-1392S.
126 Negri E, Franceschi S, Bosetti C. et al. Selected micronutrients and oral and pharyngeal cancer. Int J
Cancer.2000;86:122-127.
127 You WC, Zhang L, Gail MH. et al. Gastric dysplasia and gastric cancer: Helicobacter pylori, serum vitamin C, and
other risk factors. J Natl Cancer Inst.2000;92:1607-1612.
128 Freudenheim JL, Marshall JR, Vena JE. et al. Premenopausal breast cancer risk and intake of vegetables, fruits, and
related nutrients. J Natl Cancer Inst.1996;88:340-348.
129 Gandini S, Merzenich H, Robertson C, Boyle P. Meta-analysis of studies on breast cancer risk and diet: the role of fruit
and vegetable consumption and the intake of associated micronutrients. Eur J Cancer.2000;36:636-646.
130 Wu K, Helzlsouer KJ, Alberg AJ, Comstock GW, Norkus EP, Hoffman SC. A prospective study of plasma ascorbic
acid concentrations and breast cancer (United States). Cancer Causes Control.2000;11:279-283.
131 Rothman KJ, Moore LL, Singer MR, Nguyen US, Mannino S, Milunsky A. Teratogenicity of high vitamin A intake. N
Engl J Med.1995;333:1369-1373.
132 Melhus H, Michaelsson K, Kindmark A. et al. Excessive dietary intake of vitamin A is associated with reduced bone
mineral density and increased risk for hip fracture. Ann Intern Med.1998;129:770-778.
133 Feskanich D, Singh V, Willett WC, Colditz GA. Vitamin A intake and hip fractures among postmenopausal
women. JAMA.2002;287:47-54.

134 Fawzi WW, Chalmers TC, Herrera MG, Mosteller F. Vitamin A supplementation and child mortality: a metaanalysis. JAMA.1993;269:898-903.
135 La Vecchia C, Negri E. Nutrition and bladder cancer. Cancer Causes Control.1996;7:95-100.
136 Steinmaus CM, Nunez S, Smith AH. Diet and bladder cancer: a meta-analysis of six dietary variables. Am J
Epidemiol.2000;151:693-702.
137 Willett WC, Hunter DJ. Vitamin A and cancers of the breast, large bowel, and prostate: epidemiologic evidence. Nutr
Rev.1994;52:S53-S59.
138 Veronesi U, De Palo G, Marubini E. et al. Randomized trial of fenretinide to prevent second breast malignancy in
women with early breast cancer. J Natl Cancer Inst.1999;91:1847-1856.
139 Ansell JE, Kumar R, Deykin D. The spectrum of vitamin K deficiency. JAMA.1977;238:40-42.
140 Alperin JB. Coagulopathy caused by vitamin K deficiency in critically ill, hospitalized patients. JAMA.1987;258:19161919.
141 Booth SL, Centurelli MA. Vitamin K: a practical guide to the dietary management of patients on warfarin. Nutr
Rev.1999;57:288-296.
142 Weibert RT, Le DT, Kayser SR, Rapaport SI. Correction of excessive anticoagulation with low-dose oral vitamin
K1. Ann Intern Med.1997;126:959-962.
143 Crowther MA, Julian J, McCarty D. et al. Treatment of warfarin-associated coagulopathy with oral vitamin K: a
randomised controlled trial. Lancet.2000;356:1551-1553.
144 Booth SL. Skeletal functions of vitamin K-dependent proteins: not just for clotting anymore. Nutr Rev.1997;55:282284.
145 Vermeer C, Jie KS, Knapen MH. Role of vitamin K in bone metabolism. Annu Rev Nutr.1995;15:1-22.
146 Binkley NC, Suttie JW. Vitamin K nutrition and osteoporosis. J Nutr.1995;125:1812-1821.
147 Kanai T, Takagi T, Masuhiro K, Nakamura M, Iwata M, Saji F. Serum vitamin K level and bone mineral density in
post-menopausal women. Int J Gynaecol Obstet.1997;56:25-30.
148 Hart JP, Shearer MJ, Klenerman L. et al. Electrochemical detection of depressed circulating levels of vitamin K1 in
osteoporosis. J Clin Endocrinol Metab.1985;60:1268-1269.
149 Hodges SJ, Akesson K, Vergnaud P, Obrant K, Delmas PD. Circulating levels of vitamins K1 and K2 decreased in
elderly women with hip fracture. J Bone Miner Res.1993;8:1241-1245.
150 Feskanich D, Weber P, Willett WC, Rockett H, Booth SL, Colditz GA. Vitamin K intake and hip fractures in women: a
prospective study. Am J Clin Nutr.1999;69:74-79.
151 Booth SL, Tucker KL, Chen H. et al. Dietary vitamin K intakes are associated with hip fracture but not with bone
mineral density in elderly men and women. Am J Clin Nutr.2000;71:1201-1208.
152 Heikinheimo RJ, Inkovaara JA, Harju EJ. et al. Annual injection of vitamin D and fractures of aged bones. Calcif
Tissue Int.1992;51:105-110.

First Page Preview

Some tools below are only available to our subscribers or users with an online account.
Print PDF Email Share Get Citation Get Permissions Article Alerts Submit a Letter

Related Content
Customize your page view by dragging & repositioning the boxes below.
Articles Related By Topic
Filter By Topic >
The Cost of Drug Coupons
JAMA. 2012;307(22):2375-2376. doi:10.1001/jama.2012.5603.
Rigorous Evidence Slim for Determining Health Risks From Natural Gas Fracking
JAMA. 2012;307(20):2135-2136. doi:10.1001/jama.2012.3726.

[+] View More
Related Topics
Breast Cancer
Cardiology
Nutrition
Nutrition/Metabolic Disorders
Oncology
Prostate Cancer
Surgery
Urology
Clinician's Corner
Advertisement

June 19, 2002, Vol 287, No. 23 >
< Previous ArticleNext Article >
Scientific Review and Clinical Applications | June 19, 2002
CLINICIAN'S CORNER

Vitamins for Chronic Disease Prevention in Adults
Clinical Applications FREE
Robert H. Fletcher, MD, MSc; Kathleen M. Fairfield, MD, DrPH
JAMA. 2002;287(23):3127-3129. doi:10.1001/jama.287.23.3127
Article References

AUTHOR INFORMATION
AUTHOR INFORMATION | ABSTRACT | SUBOPTIMAL AMOUNTS OF VITAMINS | CORRECTING
SUBOPTIMAL VITAMIN LEVELS | TESTING | RECOMMENDATIONS | ADDITIONAL INFORMATION ABOUT
VITAMINS | REFERENCES

ABSTRACT
AUTHOR INFORMATION | ABSTRACT | SUBOPTIMAL AMOUNTS OF VITAMINS | CORRECTING
SUBOPTIMAL VITAMIN LEVELS | TESTING | RECOMMENDATIONS | ADDITIONAL INFORMATION ABOUT
VITAMINS | REFERENCES
Vitamin deficiency syndromes such as scurvy and beriberi are uncommon in Western societies. However, suboptimal intake
of some vitamins, above levels causing classic vitamin deficiency, is a risk factor for chronic diseases and common in the
general population, especially the elderly. Suboptimal folic acid levels, along with suboptimal levels of vitamins B6 and
B12, are a risk factor for cardiovascular disease, neural tube defects, and colon and breast cancer; low levels of vitamin D
contribute to osteopenia and fractures; and low levels of the antioxidant vitamins (vitamins A, E, and C) may increase risk
for several chronic diseases. Most people do not consume an optimal amount of all vitamins by diet alone. Pending strong
evidence of effectiveness from randomized trials, it appears prudent for all adults to take vitamin supplements. The
evidence base for tailoring the contents of multivitamins to specific characteristics of patients such as age, sex, and physical
activity and for testing vitamin levels to guide specific supplementation practices is limited. Physicians should make
specific efforts to learn about their patients' use of vitamins to ensure that they are taking vitamins they should, such as
folate supplementation for women in the childbearing years, and avoiding dangerous practices such as high doses of
vitamin A during pregnancy or massive doses of fat-soluble vitamins at any age.

In the absence of specific predisposing conditions, a usual North American diet is sufficient to prevent overt vitamin
deficiency diseases such as scurvy, pellagra, and beriberi. However, insufficient vitamin intake is apparently a cause of
chronic diseases. Recent evidence has shown that suboptimal levels of vitamins, even well above those causing deficiency
syndromes, are risk factors for chronic diseases such as cardiovascular disease, cancer, and osteoporosis. A large proportion
of the general population is apparently at increased risk for this reason.
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Suboptimal levels of a vitamin can be defined as those associated with abnormalities of metabolism that can be corrected
by supplementation with that vitamin. For example, many people in the general population have serum homocysteine levels
from 1.62 to 2.03 mg/L (12-15 µmol/L),1 which fall to baseline levels of 1.08 to 1.35 mg/L (8-10 µmol/L) after a few
weeks of supplementation with folate, along with vitamins B12 and B6.2 Similarly, in many elderly people, methylmalonic
acid levels fall with vitamin B12 supplementation,2 and elevated levels of parathyroid hormone fall with vitamin D
supplementation.3 Measurements of vitamin levels in blood, serum, or red blood cells, at least with current reference points
for abnormality, are not a reliable guide to this form of deficiency; in one study,2 supplementation substantially reduced
serum homocysteine levels in elderly patients with normal serum folate concentrations.
For some vitamins, the concept of suboptimal levels is also supported by randomized trial evidence that supplementation
reduces the rate of clinical events. The research evidence is conclusive that folate during the first trimester of pregnancy
reduces the risk of neural tube defects in women at increased risk.4 Similarly, vitamin D supplementation, along with
calcium, reduces the risk of fractures in elderly women with osteoporosis.5
The high prevalence of suboptimal vitamin levels implies that the usual US diet provides an insufficient amount of these
vitamins. Fruits and vegetables are the main dietary source of many vitamins, and health experts have long recommended at
least 5 daily servings. A recent survey showed that only 20% to 30% of the population actually meet this goal.6 Although
vitamin D is added to milk, many people (especially the elderly) do not consume enough dairy products to get a sufficient
amount of vitamin D.3 ,7 - 8 Folate supplementation of cereal products is sufficient to raise folate intake only by about 100
µg, so many people do not meet the goal of 400 µg/d.9 Food preparation may decrease the activity for some vitamins; for
example, keeping food hot longer than 2 hours results in a more than 10% loss of vitamin C, folate, and vitamin B6.10
Vitamins are also lost during chilling, storage, and reheating, including more than 30% of vitamin C and folate.10 Alcohol
consumption increases folate requirements,11 and aging is associated with decreased absorption of some vitamins such as
B12.

CORRECTING SUBOPTIMAL VITAMIN LEVELS
AUTHOR INFORMATION | ABSTRACT | SUBOPTIMAL AMOUNTS OF VITAMINS | CORRECTING
SUBOPTIMAL VITAMIN LEVELS | TESTING | RECOMMENDATIONS | ADDITIONAL INFORMATION ABOUT
VITAMINS | REFERENCES
Three options exist for correcting suboptimal vitamin intake. First, physicians could counsel patients to improve their diet.
This approach would be relatively inefficient if the only goal were to increase vitamin consumption because patients would
have to be counseled individually, and it is difficult to get individual patients to change their diets. Nevertheless, dietary
change is a central component of an overall program of preventive care.12 Foods contain thousands of compounds that may
be biologically active, including hundreds of natural antioxidants, carotenoids, and flavonoids. For these reasons, vitamin
supplementation is not an adequate substitute for a good diet.
A second option is to add vitamins to generally consumed foods. The United States has been adding vitamin D to milk and
some other dairy products since the 1930s because of the high prevalence of rickets and osteomalacia in northern climates
at that time. Beginning in 1996, folate has been added to cereals to reduce the rate of neural tube defects. However, this
approach is limited by popular mistrust of adding chemicals to food.
A third option is for individuals to take vitamin supplements. All major pharmacies carry their own brands of multivitamins
as well as a variety of other brand name and generic multivitamins. The contents of basic multivitamins are remarkably

similar across brands, with each having at least 100% of the daily value for nearly all vitamins (with the exception of
vitamin K). In addition to vitamins, so-called multivitamins often contain other food supplements such as minerals and
herbs. The amount of calcium in multivitamins is typically between 40 and 160 mg, well below the generally recommended
dose of 1000 to 1500 mg/d,13 so one cannot depend on multivitamins for meeting calcium needs. Most multivitamins
contain iron, whose supplementation may not be advisable for men and nonmenstruating women, given the high prevalence
of the gene for hemochromatosis.
The cost for brand-name multivitamins may be around $20 to $30 annually, and some special formulations may cost a great
deal more. However, one can easily buy large quantities (eg, 250-500 pills) of generic multivitamins for around $10
annually. We are aware of no evidence that the various multivitamins differ in bioavailability because of the way they are
formulated. Patients can buy individual vitamins at an even lower price, which may make sense for women in the
childbearing years, for whom folate supplementation might cost only $5 to $10 annually.
Special multivitamins are sold for subgroups of the population such as active men, perimenopausal women, and the elderly.
The Internet and health-food stores are filled with promotions for these special-purpose multivitamins, which are often
costly. The only evidence-based arguments for taking more than a common multivitamin once a day pertain to the elderly
and women who might become pregnant. The recommended intake for vitamins B12 and D in the elderly is closer to 2
times the dietary reference intake. For women who might become pregnant, folate at 800 µg/d is appropriate.
Some vitamins, such as thiamin, riboflavin, and niacin, have received little mention in this review. Although by definition
severe deficiency of these vitamins is associated with disease, they have so far not been associated with chronic diseases.
The absence of evidence that these vitamins are associated with chronic diseases might be because those associations do
not exist, ordinary diets provide sufficient amounts to prevent chronic disease, or the research has not yet been done to
discover these relationships.
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Tests for vitamin levels in blood, serum, or red blood cells are now offered by commercial laboratories, as are tests for
substances such as homocysteine that mark abnormal vitamin-related metabolism.14 The availability of these tests raises
these questions: Would this additional information lead to better preventive or therapeutic interventions than might be
offered without the test? If so, what kind of patients would benefit?
It is certainly possible that some individuals, because of their diets or genetic polymorphisms, have unusual vitamin needs.
Many of these people can be detected by a simple review of their medical problems, including alcoholism. The MTHFR
polymorphism, which is associated with low folate levels and perhaps increased rates of cardiovascular disease, is the best
studied. The abnormal MTHFR gene occurs in 5% to 15% of the population15 and might have effects on diseases related to
folate deficiency. The MTHFR gene would be detected only by specific testing not yet commercially available. However,
research into the metabolic and clinical effects of these disorders is in its infancy and not strong enough to confidently
guide tailored supplementation programs. Therefore, we believe that testing individuals who do not have a well-recognized
indication is premature.
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We recommend that all adults take one multivitamin daily. This practice is justified mainly by the known and suspected
benefits of supplemental folate and vitamins B12, B6, and D in preventing cardiovascular disease, cancer, and osteoporosis
and because multivitamins at that dose are safe and inexpensive.16 It is reasonable to consider a dose of 2 ordinary
multivitamins daily in the elderly, specifically because of the high prevalence of suboptimal vitamin B12 and D intake.
However, it might be safer to supplement 1 multivitamin with additional vitamins B12 and D, taken separately, given the
possibility that increased vitamin A intake might increase the risk of hip fracture17 and that the iron in most multivitamins
may increase the risk of hemochromatosis in some people. The increased folate requirement in people with high alcohol
intake can be met with 1 multivitamin daily or folic acid supplementation alone. For women attempting to conceive, a

multivitamin plus folate at 400 µg/d is appropriate, given evidence of additional benefit with higher folate levels.18 We
recommend multivitamins, rather than individual vitamins, because multivitamins are simpler to take and cheaper than the
individual vitamins taken separately and because a large proportion of the population needs supplements of more than one
vitamin.
Physicians often do not ask about vitamin use. Patients may not volunteer information about their vitamin use, fearing that
the physician would disapprove of unconventional use of vitamins. Therefore, physicians should specifically ask about
vitamin use with 2 goals in mind. First, they should be sure that patients know about the vitamin supplements they clearly
should be taking, such as folate during the childbearing years. Second, physicians should be sure the patient is not taking
vitamins in harmful doses, such as very large doses of vitamin D or even moderate doses of vitamin A during the first
trimester of pregnancy. Within these rather broad limits, we believe that physicians should be interested and not directive,
even when it seems the patient has unfounded beliefs or apparently unhelpful practices. In this way, physicians can avoid
incurring a substantial chance of losing access to important information about patients' vitamin use.
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The evidence base for the clinical effects of vitamins is increasing rapidly. For physicians to keep up with new
developments, there is no good alternative to electronic sources. The World Wide Web includes a vast array of information
on vitamins, most of it promotional and self-serving. Physicians can find the most updated and credible information at the
National Institutes of Health Web site (http://www.cc.nih.gov/ccc/supplements). In addition, Tufts University maintains an
excellent nutrition Web site, as well as a Nutrition Navigator that provides quality ratings for other nutrition Web sites
(http://www.navigator.tufts.edu). This site includes appropriate information for patients and health care professionals. Some
textbooks and Web publications are continually updated as new research findings are published. The Institute of Medicine
has published a series of books on this subject as well, with extensive review of the existing literature at the date of
publication.19 - 23
Scientific Review and Clinical Applications Section Editor: Wendy Levinson, MD, Contributing Editor

REFERENCES
AUTHOR INFORMATION | ABSTRACT | SUBOPTIMAL AMOUNTS OF VITAMINS | CORRECTING
SUBOPTIMAL VITAMIN LEVELS | TESTING | RECOMMENDATIONS | ADDITIONAL INFORMATION ABOUT
VITAMINS | REFERENCES
1 Ward M, McNulty H, McPartlin J, Strain JJ, Weir DG, Scott JM. Plasma homocysteine, a risk factor for cardiovascular
disease, is lowered by physiological doses of folic acid. QJM.1997;90:519-524.
2 Naurath HJ, Joosten E, Riezler R, Stabler SP, Allen RH, Lindenbaum J. Effects of vitamin B12, folate, and vitamin B6
supplements in elderly people with normal serum vitamin concentrations. Lancet.1995;346:85-89.
3 Gloth III FM, Gundberg CM, Hollis BW, Haddad Jr JG, Tobin JD. Vitamin D deficiency in homebound elderly
persons. JAMA.1995;274:1683-1686.
4 MRC Vitamin Study Research Group. Prevention of neural tube defects: results of the Medical Research Council
Vitamin Study. Lancet.1991;338:131-137.
5 Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of calcium and vitamin D supplementation on bone density in
men and women 65 years of age or older. N Engl J Med.1997;337:670-676.
6 Flood A, Schatzkin A. Colorectal cancer: does it matter if you eat your fruits and vegetables? J Natl Cancer
Inst.2000;92:1706-1707.
7 Thomas MK, Lloyd-Jones DM, Thadhani RI. et al. Hypovitaminosis D in medical inpatients. N Engl J
Med.1998;338:777-783.
8 Lips P. Vitamin D deficiency and secondary hyperparathyroidism in the elderly. Endocr Rev.2001;22:477-501.
9 Jacques PF, Selhub J, Bostom AG, Wilson PW, Rosenberg IH. The effect of folic acid fortification on plasma folate and
total homocysteine concentrations. N Engl J Med.1999;340:1449-1454.
10 Williams PG. Vitamin retention in cook/chill and cook/hot-hold hospital food-services. J Am Diet Assoc.1996;96:490498.
11 Hillman RS, Steinberg SE. The effects of alcohol on folate metabolism. Annu Rev Med.1982;33:345-354.
12 Office of Disease Prevention and Health Promotion. Healthy people [US Dept of Health and Human Services Web
site]. Available at: http://www.health.gov/healthypeople. Accessibility verified April 8, 2002.

13 National Institutes of Health Consensus Conference. Optimal calcium intake: NIH Consensus Development Panel on
Optimal Calcium Intake. JAMA.1994;272:1942-1948.
14 Snow CF. Laboratory diagnosis of vitamin B12 and folate deficiency. Arch Intern Med.1999;159:1289-1298.
15 Molloy AM, Daly S, Mills JL. et al. Thermolabile variant of 5,10-methylenetetrahydrofolate reductase associated with
low red-cell folates. Lancet.1997;349:1591-1593.
16 Oakley Jr GP. Eat right and take a multivitamin. N Engl J Med.1998;338:1060-1061.
17 Feskanich D, Singh V, Willett WC, Colditz GA. Vitamin A intake and hip fractures among postmenopausal
women. JAMA.2002;287:47-54.
18 Wald NJ, Law MR, Morris JK, Wald DS. Quantifying the effect of folic acid. Lancet.2001;358:2069-2073.
19 Committee on Diet and Health NRC. Diet and Health: Implications for Reducing Chronic Disease Risk. Washington,
DC: National Academy Press; 1989.
20 Institute of Medicine. Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12,
Pantothenic Acid, Biotin, and Choline. Washington, DC: National Academy Press; 2000.
21 Institute of Medicine. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids. Washington,
DC: National Academy Press; 2000.
22 Institute of Medicine. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine,
Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. Washington, DC: National Academy Press; 2001.
23 Institute of Medicine. Dietary Reference Intakes for Calcium, Phosphorous, Magnesium, Vitamin D, and
Fluoride. Washington, DC: National Academy Press; 1999.

First Page Preview

Some tools below are only available to our subscribers or users with an online account.
Print PDF Email Share Get Citation Get Permissions Article Alerts Submit a Letter

Related Content
Customize your page view by dragging & repositioning the boxes below.
Articles Related By Topic
Filter By Topic >
The Cost of Drug Coupons
JAMA. 2012;307(22):2375-2376. doi:10.1001/jama.2012.5603.
Probing Chronic Diseases in Developing Countries
JAMA. 2012;307(15):1573-1573. doi:10.1001/jama.2012.479.

[+] View More
Related Topics
Nutrition
Nutrition/Metabolic Disorders
Clinician's Corner

PubMed Articles
Recent trends and advances in berry health benefits research.
J Agric Food Chem. 2010;58(7):3869-70.
Dietary and other lifestyle correlates of serum folate concentrations in a healthy adult population in Crete, Greece: a crosssectional study.
Nutr J. 2006;5():5.
View More
Results provided by:
JAMAevidence.com
Care at the Close of Life EDUCATION GUIDESOvercoming the False Dichotomy of Curative vs Palliative Care for
Late-Stage HIV/AIDS
All results at
JAMAevidence.com >
Advertisement

JAMA
CONTENT
Home Current Issue All Issues Online First Specialties & Topics CME Multimedia Quizzes RSS Podcasts
SERVICES
For Authors For Reviewers For Readers About Editors & Publishers Subscribe Contact Us
The JAMA Network
SITES
JAMA Archives of Dermatology Archives of Facial Plastic Surgery Archives of General Psychiatry Archives of Internal
Medicine Archives of Neurology Archives of Ophthalmology Archives of Otolaryngology—Head & Neck Surgery
Archives of Pediatrics & Adolescent Medicine Archives of Surgery Archives of Neurology & Psychiatry (1919-1959)
JAMAevidence.com
AMA PUBLISHING GROUP JOURNALS
Virtual Mentor

INFORMATION FOR
Institutions/Librarians Media Advertisers Subscription Agents Employers & Job Seekers
SERVICES
Subscriptions & Renewals Activate Subscription Register for Free Features Email Alerts RSS Reprints & Permissions For
Authors Help

Content Resources
AMA Manual of Style Peer Review Congress ICMJE WAME
Other Resources
Physician Jobs Medical Meetings Conditions of Use Privacy Policy Copyright Advertising Policies
© 2012 American Medical Association. All Rights Reserved.
Powered by Silverchair Information Systems

