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In a recent editorial in Annals of Internal Medicine, Dr. Emilio Guallar and colleagues review three new
supplementation studies with negative or equivocal outcomes, and conclude that “the case is closed –
supplementing the diets of well-nourished adults with (most) mineral or vitamin supplements has no clear
benefit and might even be harmful. These vitamins should not be used for chronic disease prevention.
Enough is enough.”1
To the contrary, the research literature regarding the impact of vitamin-mineral supplementation on health
is not nearly as uniformly negative as portrayed by Dr. Guallar and colleagues.
Although homocysteine-lowering vitamin supplementation (folate, B6, B12) has failed to prevent
myocardial infarctions, some though not all meta-analyses of controlled trials suggest that this can
modestly reduce risk for stroke,2 and a large trial of such supplementation in women at high
cardiovascular risk observed a 40% reduction in risk for visually significant macular degeneration in
those receiving active supplementation (RR=0.59; 95% CI: 0.36-0.95), consistent with much
epidemiology linking moderate elevations of homocysteine with risk for this disorder.3, 4 Perhaps
moderate elevations of homocysteine can adversely affect the blood-brain and blood-retina barriers.5
The AREDS1 study found that supplementation including high-dose zinc (80 mg daily) also was of
modest utility for slowing the progression of macular degeneration.6 More importantly, during the 6.3
years of the study, total mortality was 27% lower in those receiving as zinc as opposed to those not
receiving zinc (RR 0.73; 95% CI: 0.61-0.89).7 A plausible explanation for this findings is that high-dose
zinc, via metallothionein induction, functions as an antagonist of the toxicity of cadmium, which is
emerging as a key pathogenic factor in the general population (as Dr. Guallar’s own important studies
demonstrate).8, 9 This remarkable finding was reported ten years ago, but there has been no subsequent
effort to replicate it. More recent research has correlated the ratio of urinary cadmium to dietary zinc with
total cancer mortality.10
Several decades ago, cardiologist Kurt Oster reported anecdotally on the marked benefits he observed in
patients with vascular disorders treated with 40-80 mg folate daily.11 Subsequent research has revealed
that, in mega-doses, folic acid has remarkable antioxidant potential, reflecting the scavenging activity of
its tetrahydro- metabolites.12, 13 In particular, high-dose folate promotes recoupling of the endothelial
nitric oxide synthase in dysfunctional endothelium, an effect which may be notably protective.14 The
impact of mega-dose folate administration in a rat model of cardiac ischemia reperfusion was so dramatic
that the journal Circulation featured an accompanying editorial entitled “How Does Folic Acid Cure Heart
Attacks?”15, 16 Yet there have been no subsequent long-term studies evaluating the impact of mega-dose
folate on health
Supplementation with the menaquinone form of vitamin K found in dairy products (K2, best administered
as the commercially available menaquinone-7) has markedly lowered the fracture risk of postmenopausal
women in Japanese clinical trials,17 and there is good reason to suspect that it can also aid in the
prevention of vascular calcification18 – a possibility not yet addressed in published studies.
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Gamma-tocopherol is the most prominent dietary tocopherol, and displays oxidant-scavenging activities
not possessed by alpha-tocopherol;19 nonetheless, alpha- rather than gamma-tocopherol has been accorded
vitamin status. The gamma form antagonizes prostate cancer development in rats, and slows the growth
of human prostate cancer implanted in nude mice.20, 21 Gamma-tocopherol can also have favorable impact
on endothelium-dependent vasodilation, a determinant of vascular risk.22, 23 The alpha form is ineffective
in these regards, and moreover, in high doses, inhibits the transport of gamma-tocopherol to the body’s
tissues.24 Designers of the SELECT trial of prostate cancer prevention were urged to test gamma-rich
mixed tocopherols, rather than pure alpha-tocopherol, but this advice was not heeded. The slight adverse
impact of alpha-tocopherol subsequently observed in this study plausibly might reflect a depression of
tissue gamma-tocopherol – and serve as indirect evidence that gamma-tocopherol is indeed protective in
this regard.25
Designers of the Nutritional Prevention of Cancer Study intentionally chose a study population that was
likely to include a significant fraction of patients with sub-optimal selenium status, such that selenium
supplementation would be likely to boost their expression of selenium-dependent antioxidant enzymes.
The marked reduction in total cancer incidence and mortality observed in this trial (for mortality, RR=
0.50, 95% CI: 0.31-0.80) was subsequently found to reflect cancer prevention in those subjects with
relatively low selenium status at baseline.26, 27 The subsequent larger SELECT chemoprevention trial
made no effect to enroll subjects with poor selenium status and, not surprisingly, did not see benefit with
supplemental selenium.28 Selenium nutrition tends to be good in the U.S., owing to the high selenium
content of mid-Western grains and of the livestock fed with them. However, many selenium
chemoprevention trials have been conducted in countries where soil selenium is lower than in the
selenium-rich U.S.; a meta-analysis of all selenium chemoprevention studies has concluded that
supplemental selenium likely does lower overall cancer risk in populations with low baseline serum
selenium status.29 Swedish soils are typically selenium poor, and a recently reported 5-year placebocontrolled trial found that joint supplementation with selenium and coenzyme Q10 in elderly Swedes was
associated with a reduction of more than 50% in cardiovascular mortality (5.9% vs. 12.6%; P=0.015).30
More selenium trials targeting low-selenium populations are clearly needed.
A great deal of recent epidemiology has linked lower magnesium dietary intakes or serum levels to
increased risk for vascular events, arrhythmias, diabetes, hypertension, metabolic syndrome, and
mortality.31 This is plausible, given that intracellular magnesium functions to antagonize certain proinflammatory signals triggered by cytoplasmic free calcium.32, 33 Indeed, correction of low magnesium
status has been found to have favorable effects on vascular endothelium, platelets, cardiac function, and
blood pressure.34 Yet a large controlled magnesium supplementation study, examining hard endpoints in
an at-risk population, has not yet been conducted (though a study cited below may be pertinent).
Plausibly, the modest increase in infarction risk associated with calcium supplementation in a recent
meta-analysis35 reflects impairment of magnesium balance in people with low baseline magnesium.36
The equivocal utility of supplemental vitamin D in much research may be traceable to the fact that
suboptimal doses have been employed in most clinical studies to date. The physiological capacity for
dermal generation of vitamin D is 10,000-20,000 IU daily;37 many supplementation trials have used daily
doses of low as 400 IU, but some experts now recommend supplemental intakes of 2,000-8,000 IU to
insure optimal vitamin D status.38 Although “adequate” vitamin D status may be sufficient to optimize its
impact on vascular and bone health, the autocrine production of calcitriol in certain cancer-prone tissues
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varies directly with 25-hydroxyvitamin D levels, so high-normal vitamin D status may be needed for
optimal protection from some cancers.38
The Centrum Silver vitamin-mineral supplement evaluated in the recent trial by Grodstein39 – which
failed to observe an impact of this supplement on cognitive decline in an older population – provides
modest doses (e.g. 500 IU vitamin D, 50 mg magnesium, 12 mg zinc, no gamma-tocopherol), and cannot
be expected to do more that prevent overt deficiency in people with relatively bad diets. The subjects
enrolled in this trial were physicians, who, by reason of education, financial capacity, and self-discipline,
are likely to consume diets more nutritious than those of the average American. Moreover, there was no
particular reason to believe that such supplementation would influence cognitive health. Nonetheless, an
earlier analysis of the same trial concluded that people taking the supplement were at modestly lower risk
for cancer as compared to those on placebo (HR= 0.92; 95% CI, 0.86-0.998).40 Likewise, the moderate
dose antioxidant supplement tested in the French SU.VI.MAX study was associated with significant
cancer protection in men (RR=0.69, 95% CI, 0.53-0.91), though not in women (RR=1.04); men also had
lower all-cause mortality in this study.41
The “high-dose multivitamin and mineral” employed by Lamas and colleagues in their secondary
prevention trial provided 100 IU of vitamin D per day – an oddly low choice, given that this is the vitamin
that most experts would consider most likely to favorably influence vascular risk.42 The supplement did
not contain gamma-tocopherol or vitamin K2. Arguably, its chief merit was an ample magnesium dose
(500 mg). Given the very poor compliance of the subjects, the less than ideal design of the supplement,
and the fact that the trial was powered to detect a reduction in risk of at least 25%, it is not surprising that
the outcome (an 11% risk reduction - HR=0.89, 95% CI, 0.75-1.07) failed to achieve statistical
significance. However, it is notable that, in the subgroup analyses summarized in Figure 3, the hazard
ratio for those receiving the supplement was less than 1.0 in 17 of the 20 subgroups analyzed – strongly
suggestive of a real effect. Rather than viewing this study as a defeat, perhaps we should perceive it as
encouragement for a larger clinical trial of supplemental magnesium in the secondary prevention of
vascular events; there is ample reason to suspect that poor magnesium status increases vascular risk.31
The claim that “antioxidants” are ineffective for prevention of chronic disease, and merit no further
clinical study, is unwarranted. High-dose zinc may prove to have considerable merit, selenium may be
helpful within low-selenium populations, and high-dose folate, and a range of non-vitamin natural
antioxidants such as gamma-tocopherol, N-acetylcysteine, taurine, lipoic acid, coenzyme Q10,
astaxanthin, melatonin, and phycocyanobilin have received minimal clinical evaluation despite displaying
intriguing efficacies in the pre-clinical literature, and, in some cases, promising clinical effects on risk
factors. As Fortmann and colleagues note in their overview of the current supplementation literature,
“few fair- or good-quality studies are available for all supplements except vitamin E and beta-carotene”.43
And there was never any reason to believe that alpha-tocopherol and beta-carotene are the most effective
of antioxidants; indeed, because they don’t influence hydrogen peroxide production or signaling, they
have minimal impact on the pro-inflammatory aspects of oxidative stress. Ascorbate suffers from the
drawback that its capacity for intracellular uptake is maximized at serum concentrations achievable with
reasonably nutritious diets.44 Many biomedical researchers seem to think that “an antioxidant is an
antioxidant”, and that the failure of alpha-tocopherol, beta-carotene, or ascorbate in clinical trials implies
that antioxidants per se are clinically without value or even harmful. Yet, ironically, much of the versatile
proven protection of statin and angiotensin II antagonist therapy is believed to stem from a suppression of
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superoxide production;45 phycocyanobilin, an algae-derived bilirubin mimetic, has similar potential.46
There can be little doubt that oxidative stress plays a key pathogenic role in a high proportion of health
disorders; our challenge is to define the nutraceutical/drug regimens which can do the most effective job
of controlling it.
Finally, it should be noted that Guallar and colleagues delimit their recommendation against
supplementation to “well-nourished adults”. In fact, a significant fraction of the public get a high
proportion of their calories from added sugars and oils, refined grains, and alcohol; it is not irrational for
such people to use a multi-vitamin-mineral. Obviously, it would be preferable for such people to eat a
varied diet of natural whole foods – but people are who they are.
Rather than adopting a negative attitude toward supplementation per se, we should learn from past
failures and design smarter studies using the right doses and forms of nutrients and phytochemicals in the
right target populations – seeking to determine what actually does work, rather than simply evaluating the
nutrients that happen to be the most faddishly popular. Supplements chosen for testing in large, expensive
trials with hard endpoints should have first demonstrated the capacity to modulate risk factors (a
qualification which alpha-tocopherol and beta-carotene could not have met). In response to “enough is
enough”, I suggest that clinical supplements research is only getting started, and will ultimately lead us to
valuable resources for health.

References

(1) Gullar E, Stranges S, Mulrow C, Appel LA, Miller ERI. Enough is enough: stop wasting money
on vitamin and mineral supplements. Ann Intern Med 2013;159:850-1.
(2) Lee M, Hong KS, Chang SC, Saver JL. Efficacy of homocysteine-lowering therapy with folic
Acid in stroke prevention: a meta-analysis. Stroke 2010 June;41(6):1205-12.
(3) Christen WG, Glynn RJ, Chew EY, Albert CM, Manson JE. Folic acid, pyridoxine, and
cyanocobalamin combination treatment and age-related macular degeneration in women: the
Women's Antioxidant and Folic Acid Cardiovascular Study. Arch Intern Med 2009 February
23;169(4):335-41.
(4) Gopinath B, Flood VM, Rochtchina E, Wang JJ, Mitchell P. Homocysteine, folate, vitamin B-12,
and 10-y incidence of age-related macular degeneration. Am J Clin Nutr 2013 July;98(1):129-35.
(5) Lominadze D, Tyagi N, Sen U, Ovechkin A, Tyagi SC. Homocysteine alters cerebral
microvascular integrity and causes remodeling by antagonizing GABA-A receptor. Mol Cell
Biochem 2012 December;371(1-2):89-96.
(6) Chew EY, Clemons TE, Agron E et al. Long-term effects of vitamins C and E, beta-carotene, and
zinc on age-related macular degeneration: AREDS report no. 35. Ophthalmology 2013
August;120(8):1604-11.

4

(7) Clemons TE, Kurinij N, Sperduto RD. Associations of mortality with ocular disorders and an
intervention of high-dose antioxidants and zinc in the Age-Related Eye Disease Study: AREDS
Report No. 13. Arch Ophthalmol 2004 May;122(5):716-26.
(8) McCarty MF. Zinc and multi-mineral supplementation should mitigate the pathogenic impact of
cadmium exposure. Med Hypotheses 2012 November;79(5):642-8.
(9) Tellez-Plaza M, Jones MR, Dominguez-Lucas A, Guallar E, Navas-Acien A. Cadmium exposure
and clinical cardiovascular disease: a systematic review. Curr Atheroscler Rep 2013
October;15(10):356.
(10) Lin YS, Caffrey JL, Lin JW et al. Increased risk of cancer mortality associated with cadmium
exposures in older Americans with low zinc intake. J Toxicol Environ Health A 2013;76(1):1-15.
(11) McCarty MF. Oster rediscovered--mega-dose folate for symptomatic atherosclerosis. Med
Hypotheses 2007;69(2):325-32.
(12) Rezk BM, Haenen GR, van der Vijgh WJ, Bast A. Tetrahydrofolate and 5-methyltetrahydrofolate
are folates with high antioxidant activity. Identification of the antioxidant pharmacophore. FEBS
Lett 2003 December 18;555(3):601-5.
(13) Antoniades C, Shirodaria C, Warrick N et al. 5-methyltetrahydrofolate rapidly improves
endothelial function and decreases superoxide production in human vessels: effects on vascular
tetrahydrobiopterin availability and endothelial nitric oxide synthase coupling. Circulation 2006
September 12;114(11):1193-201.
(14) Boersma HJ, Moens AL. Folic acid says NO to endothelial dysfunction in patients with metabolic
syndrome. Obesity (Silver Spring) 2011 May;19(5):895-6.
(15) Moens AL, Champion HC, Claeys MJ et al. High-dose folic acid pretreatment blunts cardiac
dysfunction during ischemia coupled to maintenance of high-energy phosphates and reduces
postreperfusion injury. Circulation 2008 April 8;117(14):1810-9.
(16) Tian R, Ingwall JS. How does folic acid cure heart attacks? Circulation 2008 April
8;117(14):1772-4.
(17) Cockayne S, Adamson J, Lanham-New S, Shearer MJ, Gilbody S, Torgerson DJ. Vitamin K and
the prevention of fractures: systematic review and meta-analysis of randomized controlled trials.
Arch Intern Med 2006 June 26;166(12):1256-61.
(18) Vermeer C. Vitamin K: the effect on health beyond coagulation - an overview. Food Nutr Res
2012;56.
(19) Christen S, Woodall AA, Shigenaga MK, Southwell-Keely PT, Duncan MW, Ames BN. gammatocopherol traps mutagenic electrophiles such as NO(X) and complements alpha-tocopherol:
physiological implications. Proc Natl Acad Sci U S A 1997 April 1;94(7):3217-22.
(20) Takahashi S, Takeshita K, Seeni A et al. Suppression of prostate cancer in a transgenic rat model
via gamma-tocopherol activation of caspase signaling. Prostate 2009 May 1;69(6):644-51.

5

(21) Zheng X, Cui XX, Khor TO et al. Inhibitory Effect of a gamma-Tocopherol-Rich Mixture of
Tocopherols on the Formation and Growth of LNCaP Prostate Tumors in Immunodeficient Mice.
Cancers (Basel) 2011;3(4):3762-72.
(22) Mah E, Noh SK, Ballard KD, Park HJ, Volek JS, Bruno RS. Supplementation of a gammatocopherol-rich mixture of tocopherols in healthy men protects against vascular endothelial
dysfunction induced by postprandial hyperglycemia. J Nutr Biochem 2013 January;24(1):196203.
(23) Mah E, Pei R, Guo Y et al. gamma-Tocopherol-rich supplementation additively improves
vascular endothelial function during smoking cessation. Free Radic Biol Med 2013
December;65:1291-9.
(24) Wolf G. How an increased intake of alpha-tocopherol can suppress the bioavailability of gammatocopherol. Nutr Rev 2006 June;64(6):295-9.
(25) McCarty MF. Addendum: Gamma-tocopherol, cox-2, and cancer risk. Med Hypotheses 2012
April;78(4):554.
(26) Clark LC, Combs GF, Jr., Turnbull BW et al. Effects of selenium supplementation for cancer
prevention in patients with carcinoma of the skin. A randomized controlled trial. Nutritional
Prevention of Cancer Study Group. JAMA 1996 December 25;276(24):1957-63.
(27) Duffield-Lillico AJ, Dalkin BL, Reid ME et al. Selenium supplementation, baseline plasma
selenium status and incidence of prostate cancer: an analysis of the complete treatment period of
the Nutritional Prevention of Cancer Trial. BJU Int 2003 May;91(7):608-12.
(28) Lippman SM, Klein EA, Goodman PJ et al. Effect of selenium and vitamin E on risk of prostate
cancer and other cancers: the Selenium and Vitamin E Cancer Prevention Trial (SELECT). JAMA
2009 January 7;301(1):39-51.
(29) Lee EH, Myung SK, Jeon YJ et al. Effects of selenium supplements on cancer prevention: metaanalysis of randomized controlled trials. Nutr Cancer 2011 November;63(8):1185-95.
(30) Alehagen U, Johansson P, Bjornstedt M, Rosen A, Dahlstrom U. Cardiovascular mortality and Nterminal-proBNP reduced after combined selenium and coenzyme Q10 supplementation: a 5-year
prospective randomized double-blind placebo-controlled trial among elderly Swedish citizens. Int
J Cardiol 2013 September 1;167(5):1860-6.
(31) Del Gobbo LC, Imamura F, Wu JH, de Oliveira Otto MC, Chiuve SE, Mozaffarian D. Circulating
and dietary magnesium and risk of cardiovascular disease: a systematic review and meta-analysis
of prospective studies. Am J Clin Nutr 2013 July;98(1):160-73.
(32) Grabarek Z. Insights into modulation of calcium signaling by magnesium in calmodulin, troponin
C and related EF-hand proteins. Biochim Biophys Acta 2011 May;1813(5):913-21.
(33) Rosanoff A. Rising Ca:Mg intake ratio from food in USA Adults: a concern? Magnes Res 2010
December;23(4):S181-S193.
(34) Shechter M. Does magnesium have a role in the treatment of patients with coronary artery
disease? Am J Cardiovasc Drugs 2003;3(4):231-9.
6

(35) Bolland MJ, Grey A, Avenell A, Gamble GD, Reid IR. Calcium supplements with or without
vitamin D and risk of cardiovascular events: reanalysis of the Women's Health Initiative limited
access dataset and meta-analysis. BMJ 2011;342:d2040.
(36) Rosanoff A, Weaver CM, Rude RK. Suboptimal magnesium status in the United States: are the
health consequences underestimated? Nutr Rev 2012 March;70(3):153-64.
(37) Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and safety. Am J Clin
Nutr 1999 May;69(5):842-56.
(38) Garland CF, French CB, Baggerly LL, Heaney RP. Vitamin D supplement doses and serum 25hydroxyvitamin D in the range associated with cancer prevention. Anticancer Res 2011
February;31(2):607-11.
(39) Grodstein.F., O'Brien J, Kang JH et al. Long-term multivitamin supplementation and cognitive
function in men. A randomized trial. Ann Intern Med 2013;159:806-14.
(40) Gaziano JM, Sesso HD, Christen WG et al. Multivitamins in the prevention of cancer in men: the
Physicians' Health Study II randomized controlled trial. JAMA 2012 November 14;308(18):187180.
(41) Hercberg S, Galan P, Preziosi P et al. The SU.VI.MAX Study: a randomized, placebo-controlled
trial of the health effects of antioxidant vitamins and minerals. Arch Intern Med 2004 November
22;164(21):2335-42.
(42) Lamas GA, Bolneau R, Goertz C et al. Oral high-dose multivitamins and minerals after
myocardial infarction - a randomized trial. Ann Intern Med 2013;159:797-804.
(43) Fortmann SP, Burda BU, Senger CA, Lin JS, Whitlock EP. Vitamin and mineral supplements in
the primary prevention of cardiovascular disease and cancer: a systematic review for the U.S.
Preventive Services Task Force. Ann Intern Med 2013;159:824-34.
(44) Levine M, Conry-Cantilena C, Wang Y et al. Vitamin C pharmacokinetics in healthy volunteers:
evidence for a recommended dietary allowance. Proc Natl Acad Sci U S A 1996 April
16;93(8):3704-9.
(45) Gori T, Munzel T. Oxidative stress and endothelial dysfunction: therapeutic implications. Ann
Med 2011 June;43(4):259-72.
(46) Zheng J, Inoguchi T, Sasaki S et al. Phycocyanin and phycocyanobilin from Spirulina platensis
protect against diabetic nephropathy by inhibiting oxidative stress. Am J Physiol Regul Integr
Comp Physiol 2013 January 15;304(2):R110-R120.

7

