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SUMMARY � Vitamins are chemically unrelated organic compounds or families of organic compounds thatare essential for normal metabolism in humans. As vitamins cannot be synthesized by a human body, theyhave to be taken in small amounts in the diet to prevent metabolic disorders. Vitamins should be distin-guished from other �food supplements�, minerals and herbs, which are also taken in small amounts as alter-natives or supplements to drugs. Mild deficiencies in several vitamins, at levels below those causing classicvitamin deficiency syndromes (e.g., scurvy or pellagra) are risk factors for chronic degenerative diseasessuch as atherosclerosis, cancer, and osteoporosis. Data on vitamin supplementation to prevent chronic dis-eases are reviewed.
Key words: Vitamins � administration and dosage; Dietary supplements; Nutrition policy; Chronic diseases � preventionand control

Vitamin DeficiencyThe definition of vitamin deficiency has evolved sincevitamins were first discovered. Gross vitamin deficiencymay be recognized by obvious clinical syndromes. Thesesyndromes are still seen in areas of the world with very poordiets. In the Western societies, they occur only in specialpopulations, including the elderly, patients with alcohol-ism, malabsorption, and inborn errors of metabolism, andthose undergoing hemodialysis or receiving parenteralnutrition.The recommended daily allowances (RDAs) are theamounts necessary to prevent gross deficiency syndromes.However, these levels may not be adequate to preventchronic disease in some people. Measurement of serumlevels of several vitamins is now commercially available.They are useful if clearly very high or very low to diagnoseor rule out gross deficiency. The intake or serum levels ofvitamins have recently been related to biochemical ab-normalities.

A new concept concerning adequacy of vitamin intakeincludes optimal daily ingestion of vitamins to preventchronic diseases (e.g., vitamin D supplementation to pre-vent osteoporotic fractures, and folic acid to prevent neu-ral tube defects). The remainder of this paper will addressthese preventive issues.
Folic AcidFolate is present in green, leafy vegetables, fruits, ce-reals and grains, nuts, and meats. Folic acid, the form ofthe vitamin included in supplements, has the same bio-logic effects as folate but has higher bioavailability andtherefore better dose for dose effectiveness1. Gross defi-ciency in folic acid leads to megaloblastic anemia.
PregnancyFolic acid supplementation reduces the risk of neuraltube defects, probably because it is required for normal celldivision. Neural tube defects occur between postconcep-tion days 15 and 282. Thus, folic acid must be taken at thetime of conception, since the neural tube has already beenformed, or malformed, by the time that pregnancy is ap-parent.



Ratkoviæ-Gusiæ I. et al. Vitamin supplementation in disease prevention

238 Acta clin Croat, Vol. 41, No. 3, 2002

Folic acid supplementation is important not only in theearly stages of pregnancy but throughout pregnancy. Onestudy suggests that the lack of folic acid supplementationis associated with an increased risk of late fetal loss (intrau-terine death at >22 weeks)3. Also, folic acid requirementsincrease during pregnancy, and its supplementation pre-vents maternal anemia.
RecommendationsThe optimal dose of folic acid to prevent as many neu-ral tube defects as possible is not precisely known. It is atleast 400 micrograms/day, and may be as high as 800 mi-crograms/day, i.e. twofold RDA. A supplement of 800 mi-crograms is appropriate for women trying to conceive.
Homocysteine
Cardiovascular diseaseHomocysteine is a major risk factor for vascular disease,including atherosclerosis (with resulting cerebrovascular,peripheral vascular, and coronary heart disease) and venousthromboembolism4. The relative risk associated with ho-mocysteinemia is similar to cigarette smoking or elevatedserum cholesterol4. Homocysteine has primary atherogenicand prothrombotic properties that may explain the in-creased risk of vascular disease.Folic acid and vitamins B6 and B12 are required for themetabolism of homocysteine to methionine. A multicentercase-control study from Europe including 750 patients(mean age 47) with documented vascular disease and 800control subjects (mean age 44) has reported that low lev-els of folate and vitamin B6 but not vitamin B12 were as-sociated with an increased risk of atherosclerosis, indepen-dent of conventional risk factors5. The risk associated withfolate was in part explained by increased homocysteinelevels, whereas the relationship between vitamin B6 andatherosclerosis was independent of homocysteine levelsboth before and after methionine load.The Nurses� Health Study found a graded inverse as-sociation between higher dietary intakes of folate and vi-tamin B6 and coronary heart disease (CHD)6.Deficiency states of either vitamin B6 or B12 result inhigh plasma homocysteine levels. Differences in B12 ab-sorption may be more important than dietary intake. Thesedata suggest that suboptimal B12 intake coupled withpoorer absorption might play a greater role in elevatinghomocysteine and subsequent CHD risk in the elderlythan in younger patients. In contrast, a folate intake low

enough to raise plasma homocysteine may be relativelycommon in the general population, particularly in moder-ate consumers of alcohol.Supplementation of both vitamin B6 and folate reduceshomocysteine levels. Vitamin B6 may be more effective incounteracting the effects of methionine load (simulatingthe fed state) on homocysteine levels, whereas folate maybe more important in regulating plasma homocysteine inthe fasting state7.
RecommendationsIn normal individuals and in patients with hyperhomo-cyst(e)inemia, folic acid would lower homocysteine by 25%and B12 by another 7% on an average, whereas B6 will notinduce any additional lowering8. However, the effect ofhomocysteine level lowering on cardiovascular and venousthromboembolic disease remains unknown. No random-ized clinical trials have demonstrated that decreasing plas-ma homocysteine levels reduces the incidence of cardio-vascular disease9.Until the results of appropriate trials are available, it isreasonable to recommend that adults at an average risk ofcardiovascular disease take a folate supplement of 400micrograms per day (twofold RDA), vitamin B6 supple-ment of 3 micrograms per day (150% of RDA), and vita-min B12 supplement of 9 micrograms per day (150% ofRDA) because of the high prevalence of suboptimal vita-min B intake (especially in the elderly), insufficient dietaryfolate, and elevated homocysteine levels.
CancerFolate plays a key role in methionine regeneration.Folate deficiency may contribute to aberrant DNA synthe-sis and carcinogenesis by decreasing methionine availabil-ity and interfering with normal DNA methylation. A func-tional polymorphism in methylenetetrahydrofolate reduc-tase (MTHFR, a major enzyme involved in folate metab-olism), is linked to colorectal cancer10. Folate may there-fore act to protect DNA against damage during cell divi-sion11.
RecommendationsFolic acid appears to lower the risk of both colon andbreast cancer, particularly in alcohol consumers. It is rec-ommended that adults at an average risk of these cancerstake a folate supplement of 400 micrograms per day. Al-though data on the appropriate dose are limited, moder-ate users of alcohol might benefit from additional folate
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(800 micrograms per day), particularly those with poorintake of green, leafy vegetables or other food sources offolate.
Antioxidant VitaminsThe antioxidant vitamins include total vitamin A, con-sisting of preformed vitamin A (retinol), and the caro-tenoids such as beta-carotene, C and E. Countless othercompounds found in food, especially vegetables and fruits,also have antioxidant properties. A number of studies haveexamined the hypothesis that antioxidants can preventcancer and cardiovascular disease by augmenting thebody�s ability to dispose of toxic free radicals, thereby re-tarding oxidative damage12. Retinol and the carotenoidsmay also decrease cancer risk via other mechanisms suchas inducing cellular differentiation, apart from of protect-ing against oxidative damage.Caution is warranted on interpreting the results ofobservational studies; while these have consistently shownthat diets high in vegetables and fruits (which are rich inantioxidant vitamins) are associated with a reduced risk ofcancer and cardiovascular disease13, the effect may be dueto the vitamins themselves, other compounds in vegeta-bles and fruits such as flavonoids, or substitution of dietarymeat and fat with vegetables and fruits. Furthermore, whileantioxidants are often grouped, specific antioxidant vita-mins (including different forms of some vitamins) mightbe expected to have distinct effects. Individual responsesmay vary based upon genetic predisposition and otherexposures including smoking, dose, and tissue of interest.
Vitamin A and CarotenoidsCancerStudies of the relationships between cancer and vita-min A and caroteinoids have provided mixed results. Ob-servational data and clinical trial data have not been con-sistent, limiting our ability to make conclusive recommen-dations.Two large randomized placebo-controlled trials as-sessed the risk of lung cancer among male smokers or as-bestos workers receiving beta-carotene supplements13.Both showed significant increases in lung cancer riskamong men who received the supplements.No clinical trial data are available on the associationsbetween breast cancer and vitamin A and carotenoids, andobservational studies have yielded varying results. In the

Iowa Womens� Health Study, no association was observedbetween dietary vitamin A and breast cancer14. In contrast,a weak but statistically significant 15% reduction in breastcancer risk was observed with high intake of total vitaminA in the Nurses� Health Study15. More recent data fromthe Nurses� Health Study suggest that premenopausalwomen, particularly those with a positive family history,have significant reductions in breast cancer risk with in-creasing dietary alpha- and beta-carotene, lutein/zeaxan-thin, and total vitamin A16.Data from a four-year clinical trial of antioxidants toprevent colorectal adenoma were also disappointing17. ThePolyp Prevention Study Group reported no reduction inadenoma risk in 864 patients randomized to receive beta-carotene (25 mg daily), vitamin C (1 g daily) and E (400mg daily), or both beta-carotene and vitamins C and E.Possible explanations for discordance between obser-vational data and experimental data with regard to vitaminA and carotenoids and cancer risk include the inability ofobservational data to completely control for confoundingby other healthy behaviors, differences in the form or doseof vitamins, and interaction with other exposures such astobacco. The clear increase in the risk of lung cancer in tworandomized controlled trials has dampened enthusiasm forfurther clinical trials of cancer and antioxidants18.
Cardiovascular diseaseAgents in vascular tissue and inflammatory cells areresponsible for the oxidative modification of low-densitylipoprotein (LDL), which is thought to play an importantrole in the pathogenesis of atherosclerosis. It has beenhoped that treatment with antioxidant vitamins will pre-vent or retard atherosclerosis.However, beta-carotene was not effective for primaryprevention in three randomized controlled studies19, andmay be harmful in patients with known CHD20. As anexample, a report from the ATBC Cancer Prevention Studynoted that in men with a prior history of myocardial inf-arction there were significantly more cardiac deaths in thegroup taking both 50 mg daily of vitamin E (alpha toco-pherol) and 20 mg of beta-carotene (relative risk 1.58), andin those taking beta-carotene alone (relative risk 1.75).
ImmunityVitamin A appears to improve immunity in childrenliving in developing countries. A meta-analysis of 12 con-trolled trials of vitamin A showed a 30% reduction in over-all mortality, with a 61% reduction in mortality among hos-pitalized patients with measles. One United States study



Ratkoviæ-Gusiæ I. et al. Vitamin supplementation in disease prevention

240 Acta clin Croat, Vol. 41, No. 3, 2002

of children with measles showed more severe illness inchildren with more depressed serum retinol levels. Vita-min A supplementation at the community level in devel-oping countries is recommended by the World HealthOrganization, even in the absence of signs and symptomsof deficiency21.
RecommendationsBeta-carotene supplement use should be discouragedbased upon its lack of clinical efficacy and possible adverseeffects with respect to both cardiovascular and cancer risk.A diet with at least five servings of fruits and vegeta-bles per day is prudent and is likely to provide an optimaldistribution of carotenoids and the best opportunity toprevent several common cancers without the risk of unin-tentional harm.
Vitamin ECancerA number of studies have examined the effect of vita-min E on cancer prevention. The ATBC Cancer Preven-tion Study observed a 32% decrease in prostate cancerincidence and 41% decrease in prostate cancer mortalityamong subjects receiving 50 mg (75 IU) of alpha-toco-pherol (vitamin E) compared with placebo21. In contrast,observational data from the Health Professionals Follow-up Study showed no association between vitamin E sup-plement use and all prostate cancers. The study did, how-ever, show a 66% decrease in the risk of metastatic or fatalprostate cancer among smokers who consumed at least 100IU of supplemental vitamin E daily22.The second report from the ATBC study showed a sig-nificant 19% reduction in lung cancer risk associated withhigher serum vitamin E levels. The risk reduction wasgreatest among men younger than age 60 and among pa-tients with fewer years of cumulative smoking exposure.Neither the Iowa Women�s Health Study nor the Nurs-es� Health Study observed any association between breastcancer risk and vitamin E intake14,15.No reduction in colorectal polyps was observed amongsubjects randomized to receive vitamin E in the PolypPrevention Study16.
Cardiovascular diseaseVitamin E may prevent atherosclerotic disease not onlyby its antioxidant effects but also by the inhibitory effectson smooth muscle proliferation and platelet adhesion23.

Observational data have suggested a protective effect forvitamin E against the development of CHD.In an 8-year follow-up of nearly 88,000 women aged 34to 59, the Nurses� Health Study found that women whoreported vitamin E intake in the top fifth of vitamin Eintake had a relative risk of major coronary disease of 0.66compared with women in the lowest fifth24. The benefi-cial effect has been attributed to supplemental vitamin E,since women in the highest quintile were all supplementusers; no effect was observed for women taking less than100 IU daily. Women who took vitamin E supplements forshort periods had little apparent benefit, but those whotook them for more than two years had a relative risk ofmajor coronary disease of 0.59 after adjustment for coro-nary risk factors and use of other antioxidant nutrients.Dietary intake of vitamin E alone (as opposed to supple-ments) had no impact upon the risk of CHD. Similar re-sults were noted in a cohort of almost 40,000 male healthprofessionals, again with protective effects limited to dosesof 100 IU or more daily25.Several large clinical trials have also studied the effectof vitamin E supplements in patients with pre-existingCHD23. However, differences in vitamin E dose in thesestudies have made comparisons difficult. Only one (CHA-OS) has shown a significant beneficial effect for antioxi-dant vitamins. In this study, relatively large doses of vita-min E, 400 to 800 IU alpha-tocopherol daily (13 to 26 timesRDA), reduced the one-year rate of nonfatal myocardialinfarction in patients with known CHD by 80%, but didnot improve cardiovascular mortality26. In the ATBC trial,the largest trial completed, no association was observedbetween vitamin E at a dose of 50 mg (1 mg = 1.5 IU) dailyand CHD mortality or angina. The results of GISSI trialand HOPE trial showed no difference between vitamin E(400 IU daily) and placebo after an average of 4.5 years27.
StrokeA report from the Health Professionals� Follow-upStudy (including 43,738 men) showed no association be-tween supplemental vitamin E (250 IU or more daily) andstroke risk.
DementiaA longitudinal cohort study of Japanese-American men(a population at a high risk of stroke and vascular demen-tia) found that both vitamin E and C supplementationprotected against the development of vascular dementiaand improved cognitive function late in life28. However, thestudy did not account for other causes of vascular demen-
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tia that may be confounded with the reported vitamin use,making firm conclusions difficult.Other studies found that antioxidant vitamins couldslow the progression of Alzheimer�s disease. As an exam-ple, a randomized trial of selegiline, vitamin E, both, orplacebo in patients with Alzheimer�s disease showed thatboth selegiline and vitamin E were independently associ-ated with significant reductions in several outcomes, in-cluding functional decline29. The dose of vitamin E wasquite high (2000 IU daily), and the study unfortunatelysuffered from imbalance in baseline characteristics afterrandomization. Nevertheless, based upon the currentunderstanding of the pathophysiology of dementia, thereis interest in confirmation of vitamin E effects in furtherstudies30.
RecommendationsLimited data support supplementation with vitaminE to prevent aggressive prostate cancer and lung cancer insmokers.The amount of vitamin E generally available in a mul-tivitamin (30 IU) appears to be ineffective for preventingCHD events; an additional supplement of 400 IU dailywould be required. Individuals taking anticoagulantsshould be advised against high doses of vitamin E (4000IU or more) because of the synergistic action of vitamin Ewith these drugs.
Vitamin CCardiovascular diseaseA number of epidemiologic studies evaluated supple-mental vitamin C intake for the primary prevention ofCHD. The results were conflicting as both evidence ofbenefit and no effect on CHD risk were recorded. The roleof vitamin C in patients with known CHD has not beenthoroughly studied, however, the existing data do not sup-port its use31.
Cataract and macular degenerationOxidative damage from sunlight and smoking increasethe risk of cataract formation and macular degeneration.Growing evidence suggest that antioxidants prevent cat-aract development. Prospective data from the Nurses�Health Study showed a 45% reduction in the risk of cata-ract requiring extraction in women using vitamin C sup-plements for at least 10 years32. In another report from thesame study, use of vitamin C supplements for at least 10

years was associated with a prevalence of early lens opac-ities lower by 77%33. Multivitamin use and vitamin E sup-plementation were also associated with a decreased riskof cataract (30% and 55% risk reduction, respectively) inanother observational study.
RecommendationsAt the moment, there is no recommendation on tak-ing vitamin C for the primary or secondary prevention ofCHD, or for cancer prevention. Data are limited for sup-plemental vitamin C as a means of preventing cataract,limiting our ability to make recommendations at this time.
Vitamins B6 and B12 (Riboflavin)Vitamin B6 (pyridoxine) participates with folic acid andB12 in the metabolism of homocysteine (see above). It hasbeen difficult to separate out the effects of B6 from thoseof other vitamins and of other substances found in fruitsand vegetables, and the optimal dose is not well charac-terized34. However, as described above, vitamin B6 appearsto be very effective in lowering homocysteine levels aftermethionine load, and is independently associated withlower CHD risk.Although overt riboflavin deficiency is rare, one studyshowed the benefit of supplementation in preventingmigraine35.Vitamin B12. Gross vitamin B12 deficiency causes neu-rologic disease and megaloblastic anemia. In addition, itis a cause of abnormal homocysteine metabolism, alongwith folic acid and vitamin B6 (see above); vitamin B12deficiency is an important cause of hyperhomocysteinemiain the elderly36.Mild B12 deficiency, even without anemia, may ac-count for some cases of dementia37, and perhaps deterio-rating balance in the elderly. This hypothesis is plausiblealthough it has not been well studied.Suboptimal vitamin B12 status is most commonlycaused by poor absorption coupled with inadequate intake.In the elderly, gastric atrophy and hypochlorhydria resultin less efficient absorption of vitamin B12 because of in-adequate intrinsic factor; this modest decrease in absorp-tion is likely to be by far more prevalent and important invitamin B12 deficiency than the relatively rare conditionof pernicious anemia. Patients with poor intake, includingvegans, alcoholics, and people with little dietary variation(including the elderly) are also prone to B12 deficiency.Patients having undergone gastric or ileal resection havetraditionally been treated with intramuscular vitamin B12,



Ratkoviæ-Gusiæ I. et al. Vitamin supplementation in disease prevention

242 Acta clin Croat, Vol. 41, No. 3, 2002

since standard oral supplementation does not allow foradequate B12 absorption.
RecommendationsRoutine supplementation with a multivitamin is appro-priate for all adults. A supplement of 6 to 9 micrograms(100% to 150% of RDA) is recommended. In the elderlyor other populations with a high prevalence of atrophicgastritis, vegan populations, alcoholics, and others withpoor dietary variation, this dose may be inadequate. How-ever, there are few data to guide dosing in these individu-als; doubling the dose to 12 to 18 micrograms may be ap-propriate. There is no known toxicity of vitamin B12.
Toxicity of VitaminsPotentially toxic levels of vitamins can be achievedeasily in people who take large amounts of high-dose, over-the-counter preparations. Water soluble vitamins have anextraordinarily broad therapeutic ratio, with toxicity occur-ring only at doses thousands of times the RDA. It has beenhypothesized that large doses of vitamin C may increasethe risk of kidney stones by increasing oxalate excretion,but this remains controversial.Fat soluble vitamins generally are also safer over a widerange of doses. A notable exception is vitamin A in preg-nancy, which is teratogenic at doses as low as several timesthe RDA38. As previously mentioned, the intake at whichthe dose of vitamin D becomes toxic is not clear, but issomewhere above 2000 IU per day.
Testing for Vitamin DeficiencyBlood tests for many vitamins are widely available.Fuelled by popular belief in the importance of vitamins andby commercial interests, widespread testing is being pro-moted to detect unrecognized deficiency and to tailorsupplements to individual needs. This practice seemsunwarranted in most patients for several reasons: 1) thereis insufficient information about the optimal blood levelsof vitamins, making it difficult to interpret mild deficien-cy states; 2) most people ingest too little of some vitaminssuch as folic acid; 3) a daily multivitamin is sufficient toreach optimal intake for most of the vitamin needs leftuncovered by diets, and it is easier to take a multivitaminthan to test for individual vitamin deficiencies; and 4)multivitamins are inexpensive and safe.It may be that some individuals are at an unusual riskof vitamin deficiency and would benefit from special sup-

plements. As an example, an inherited abnormality of fol-ic acid metabolism that causes unusually low serum levelsof folic acid and increased levels of homocysteine has beenidentified in 5% to 15% of the population39. However, thisabnormality does not appear to be associated with an in-creased incidence of cardiovascular disease.Additional information about polymorphisms, whichincrease requirements for specific vitamins, is likely tobecome available. As noted earlier, this appears to be thecase for folate and vitamin D. However, there is currentlynot enough understanding of individual risk to warrantroutine testing of vitamin levels or testing for polymor-phisms.
ConclusionsRecommendations for the best use of vitamins are thefollowing:� A diet with five or more servings of vegetables andfruits per day. This diet promotes health not only byproviding known vitamins, but also because itcontains fiber and other poorly defined nutrientsand replaces meat and animal fat.� Women of childbearing age should take a vitamin sup-plement containing at least 400 micrograms of folic acidper day. Women who are trying to conceive are encour-aged to take 800 micrograms of folic acid daily.� Adults should take one multivitamin per day, mainly forthe effect of folic acid (and vitamins B6 and B12) onhomocysteine, of folate in reducing colon and breastcancer risk (particularly in alcohol users), of vitamin Don osteoporosis, and possibly of vitamin B12 on neu-rologic disease in the elderly.� Discuss the possible benefit of vitamin E supplemen-tation (400 IU) for patients with known cardiovascu-lar disease. Discourage high doses for patients on anti-coagulants.� Use of large doses of individual vitamins or multivita-mins tailored to age, sex, or other medical conditionsis not supported by strong research evidence.� Use a generic form of �one-a-day� multivitamin.� Two multivitamins daily might be appropriate for somepatients, particularly those with malabsorption, littledietary variation, and the elderly, or those with knownosteoporosis.Physicians should urge their patients to take the vita-mins that are known to be effective while avoiding doses
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that are toxic. They should also be interested in and non-judgmental about a wide range of behaviors between theseextremes, so that patients will be willing to share theirbeliefs and information about the use of vitamins and other�alternative� treatments.
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Sa�etak
NADOMJE�TANJE VITAMINA U PREVENCIJI BOLESTI

I. Ratkoviæ-Gusiæ, V. Ba�iæ-Kes i P. Kes
Vitamini su tvari potrebne za normalan metabolizam èovjeka, a za njih je znakovito da se ne sintetiziraju u organizmu, negoih u njega treba unijeti. Manjak odreðenih vitamina u organizmu èimbenik je rizika u nastanku nekih kroniènih degenerativnihbolesti, npr. ateroskleroze, karcinoma i osteoporoze. U èlanku su iznesene kljuène spoznaje o znaèenju preventivnog unosa vitaminau organizam.
Kljuène rijeèi: Vitamini � primjena i doziranje; Dodaci prehrani; Naèin prehrane; Kroniène bolesti � prevencija i kontrola


