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Background: Whether high-dose multivitamins are effective for
secondary prevention of atherosclerotic disease is unknown.

Objective: To assess whether oral multivitamins reduce cardiovas-
cular events and are safe.

Design: Double-blind, placebo-controlled, 2 � 2 factorial, multi-
center, randomized trial. (ClinicalTrials.gov: NCT00044213)

Setting: 134 U.S. and Canadian academic and clinical sites.

Patients: 1708 patients aged 50 years or older who had myocardial
infarction (MI) at least 6 weeks earlier and had serum creatinine
levels of 176.8 �mol/L (2.0 mg/dL) or less.

Intervention: Patients were randomly assigned to an oral, 28-
component, high-dose multivitamin and multimineral mixture or
placebo.

Measurements: The primary end point was time to total death,
recurrent MI, stroke, coronary revascularization, or hospitalization
for angina.

Results: The median age was 65 years, and 18% of patients were
women. The qualifying MI occurred a median of 4.6 years (inter-
quartile range [IQR], 1.6 to 9.2 years) before enrollment. Median
follow-up was 55 months (IQR, 26 to 60 months). Patients re-
ceived vitamins for a median of 31 months (IQR, 13 to 59 months)

in the vitamin group and 35 months (IQR, 13 to 60 months) in the
placebo group (P � 0.65). Totals of 645 (76%) and 646 (76%)
patients in the vitamin and placebo groups, respectively, completed
at least 1 year of oral therapy (P � 0.98), and 400 (47%) and 426
(50%) patients, respectively, completed at least 3 years (P � 0.23).
Totals of 394 (46%) and 390 (46%) patients in the vitamin and
placebo groups, respectively, discontinued the vitamin regimen
(P � 0.67), and 17% of patients withdrew from the study. The
primary end point occurred in 230 (27%) patients in the vitamin
group and 253 (30%) in the placebo group (hazard ratio, 0.89
[95% CI, 0.75 to 1.07]; P � 0.21). No evidence suggested harm
from vitamin therapy in any category of adverse events.

Limitation: There was considerable nonadherence and withdrawal,
limiting the ability to draw firm conclusions (particularly about
safety).

Conclusion: High-dose oral multivitamins and multiminerals did not
statistically significantly reduce cardiovascular events in patients af-
ter MI who received standard medications. However, this conclu-
sion is tempered by the nonadherence rate.
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Patients who maintain a diet rich in a highly complex
mix of antioxidants and other micronutrients have

lower rates of atherosclerosis (1–3). Clinical trials testing
isolated and combination oral micronutrients have not rep-
licated these benefits. Recent meta-analyses noted that
only vitamins A, C, and E and the antioxidant mineral
selenium have been tested in well-designed trials, with
mixed results: High doses of vitamins A and E might in-
crease risk for cancer in selected patients, vitamin C was
inactive, and selenium might be beneficial (4, 5). Yet, stud-
ies of a few vitamins and minerals do not fully reflect the
supplement use of a large segment of the U.S. population,
which increasingly favors multivitamin and multimineral
supplements.

TACT (Trial to Assess Chelation Therapy), a 2 � 2
factorial trial funded by the National Heart, Lung, and
Blood Institute and the National Center for Complemen-
tary and Alternative Medicine (6, 7), assessed whether an
EDTA-based chelation regimen or an oral high-dose mul-
tivitamin and multimineral supplement improved cardio-
vascular outcomes and was effective for secondary preven-
tion in patients with a history of cardiovascular disease.
The chelation results have been published (8). This article
compares oral multivitamins and multiminerals with
placebo.

METHODS

Design
This double-blind, 2 � 2 factorial trial randomly as-

signed patients to receive oral vitamins and intravenous
chelation infusions, oral placebo and intravenous chelation
infusions, oral vitamins and placebo intravenous infusions,
and oral placebo and placebo intravenous infusions. The
design and organizational aspects of TACT have been pub-
lished (7). The institutional review board at each clinical
site approved the study, and patients provided written in-
formed consent. A data and safety monitoring board mon-
itored the study.
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Setting and Participants
Eligible patients were at least 50 years of age and had

sustained myocardial infarction (MI) 6 weeks or more be-
fore enrollment. Patients were ineligible if they were
women of childbearing age, had a serum creatinine level
greater than 176.8 �mol/L (�2.0 mg/dL), or had other
exclusion criteria as previously reported (7). Patients were
enrolled at 134 sites in the United States and Canada
(Figure 1).

Randomization and Interventions
Oral vitamins and placebo were prepared by the vita-

min manufacturers and shipped to the central pharmacy
for distribution to the sites. The active high-dose vitamin
treatment was a 28-component mixture to be administered
as 3 caplets twice daily throughout the trial, designed to
reflect the vitamin regimen commonly used by chelation
practitioners (Table 1). The placebo caplets contained
methylcellulose filler. Intravenous treatment consisted of
40 infusions of disodium EDTA-based chelation therapy
or a normal saline placebo (7, 9). The vitamins and infu-
sion therapy were double-blinded. During the infusion
phase, all patients received an open-label, oral, low-dose
vitamin regimen.

Outcomes and Follow-up
The primary end point was a composite of time to

death from any cause, reinfarction, stroke, coronary revas-
cularization, or hospitalization for angina. The composite
of time to cardiovascular death, reinfarction, or stroke was
a prespecified secondary end point. A blinded independent
clinical events committee at Brigham and Women’s Hos-
pital, Boston, Massachusetts, adjudicated all nonproce-
dural components of the primary end point. The Duke
Clinical Research Institute, Durham, North Carolina, ver-

ified coronary revascularizations from the source medical
record.

Patients were seen at baseline and each chelation infu-
sion visit. After the infusion phase, patients were called
quarterly; attended annual clinic visits; and were seen at
the end of the trial or at the 5-year follow-up, whichever
was first. Vitamin or placebo caplets were distributed every
3 to 6 months. Unused pills were returned to the site to
assess adherence.

Safety monitoring included periodic physical examina-
tions and laboratory assessments. A blinded medical mon-
itor at the Duke Clinical Research Institute reviewed all

Context

Although high-dose vitamins and minerals are commonly
used, whether they reduce cardiovascular events after
myocardial infarction (MI) is not known.

Contribution

In this randomized trial, time to recurrent MI, stroke, coro-
nary revascularization, hospitalization for angina, or death
did not differ among participants who received daily high-
dose multivitamins and minerals or placebo.

Caution

Many patients in the placebo and multivitamin groups
withdrew from the trial or did not adhere to treatments
during the study, which lasted several years.

Implication

High-dose multivitamins and minerals do not seem to be
useful for secondary prevention of cardiovascular events
after MI.

—The Editors

Figure 1. Study flow diagram.

Randomly assigned to receive 
high-dose vitamins (n = 853)

Received the vitamins for 
≥1 y: 645

Received the vitamins for 
≥3 y: 400

Never received the vitamin 
intervention: 30 

Randomly assigned to receive 
placebo (n = 855)

Received the placebo for 
≥1 y: 646

Received the placebo for 
≥3 y: 426

Never received the placebo 
intervention: 32* 

Discontinued or never started 
intervention (n = 394)†

Patient declined or did not 
adhere: 293

Adverse event or effect: 39
Closed study site: 21
Physician preference: 22
Terminal illness or comorbid 

conditions: 19
Withdrew from the study
(n = 141)‡
Lost to follow-up (n = 13)

Discontinued or never started 
intervention (n = 390)†

Patient declined or did not 
adhere: 304
Adverse event or effect: 31
Closed study site: 26
Physician preference: 19
Terminal illness or comorbid 
conditions: 10

Withdrew from the study 
(n = 148)‡
Lost to follow-up (n = 9)

Included in primary analysis 
(n = 853)

Patients assessed for eligibility (n = 1850)

Patients excluded (n = 147)

Patients randomly assigned (n = 1708)

Included in primary analysis 
(n = 855)

* Includes 1 placebo recipient who died before starting the intervention.
† 297 high-dose vitamin recipients and 285 placebo recipients had
follow-up after discontinuation and 97 high-dose vitamin recipients and
105 placebo recipients had no follow-up after discontinuation.
‡ 43 met the primary end point before withdrawal (16 in the high-dose
vitamin group and 27 in the placebo group). Among the patients who
had not had an event before withdrawal, 9 (5 in the high-dose vitamin
group and 4 in the placebo group) were found through search of death
registries to have died. All of these events were included in the primary
end point analysis.
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serious adverse events. We prespecified several subgroups
for analyses assessing underrepresented populations, sub-
groups of interest, and high-risk populations (7, 8).

Statistical Analysis
We originally planned to enroll 2372 patients over 3

years with a minimum follow-up of 1 year. This number
provided 85% power for detecting a 25% relative reduc-
tion in the primary end point, assuming a 2.5-year event
rate in the placebo group of 20% and a significance level of
0.05. Because of difficulty enrolling patients, the blinded
investigators requested, and the data and safety monitoring
board and sponsors granted, a reduction in sample size to
1700 coupled with an increase in follow-up to preserve the
85% unconditional power (8).

Secure, Web-based randomization used permuted
blocks stratified by clinical site. Treatment groups were
compared as randomized (intention-to-treat) using 2-sided
significance tests. The log-rank test (10) was used for the
statistical comparison of treatment groups with respect to
clinical end points. Cumulative event rates were calculated
according to the Kaplan–Meier method (11). Hazard ratios
with associated CIs were calculated using the Cox propor-
tional hazards model (12). The Cox model was also used to
assess the consistency of treatment effects by testing for
interactions between treatment and the baseline character-
istics prespecified for subgroup analysis, as well as assign-
ment to treatment or placebo infusions.

Continuous variables are expressed as medians and in-
terquartile ranges (IQRs) unless otherwise specified. Group
comparisons of simple proportions were done using the
Pearson chi-square test. Final statistical analyses were done
using SAS software, versions 8.2 and 9.2 (SAS Institute,
Cary, North Carolina).

During the trial, the data and safety monitoring board
requested 11 interim analyses of the data. These interim
reviews were done primarily to assess the safety and efficacy
of the EDTA chelation regimen and used a flexible
�-spending function approach with monitoring boundar-
ies similar to the O’Brien–Fleming method (13, 14). The
level of significance required for the primary analysis at the
completion of the study was 0.036.

Role of the Funding Source
The National Heart, Lung, and Blood Institute and

the National Center for Complementary and Alternative
Medicine of the National Institutes of Health provided
funding and oversight. No companies or commercial enti-
ties provided funding or had a role in the execution, inter-
pretation, or decision to submit the manuscript for
publication.

RESULTS

Between 10 September 2003 and 4 October 2010, a
total of 1708 patients were randomly assigned: 853 to the
high-dose vitamin group and 855 to the placebo group.

The last follow-up visit was on 31 October 2011. The
median follow-up was 55 months (IQR, 26 to 60 months).
The trial ended after the protocol-specified enrollment and
follow-up and was not stopped on the basis of interim
analyses.

Baseline Characteristics
Baseline characteristics were similar between the

groups (Table 2). Median age was 65 years (IQR, 59 to 72
years), 18% were women, and 6% were nonwhite. The
qualifying MI had occurred a median of 4.6 years (IQR,
1.6 to 9.2 years) before enrollment. The study population
had a high incidence of diabetes (31%), previous coronary
revascularizations (83%), and use of medications recom-
mended by guidelines. Patients had a median fasting low-
density lipoprotein cholesterol level of 2.30 mmol/L (89
mg/dL) (IQR, 1.73 to 2.98 mmol/L [67 to 115 mg/dL]).

Table 1. Vitamin Components

High-Dose Regimen* Total Amount
for 6 Pills

Daily
Value, %

Vitamin A (as fish liver oil and �-carotene) 25 000 IU 500
Vitamin C (as calcium ascorbate,

magnesium ascorbate, and potassium
ascorbate)

1200 mg 2000

Vitamin D3 (as cholecalciferol) 100 IU 25
Vitamin E (as d-�-tocopheryl succinate

and d-�-tocopheryl acetate)
400 IU 1333

Vitamin K1 (as phytonadione) 60 �g 75
Thiamin (vitamin B1, as thiamin

mononitrate)
100 mg 6667

Niacin (as niacinamide and niacin) 200 mg 1000
Vitamin B6 (as pyridoxine hydrochloride) 50 mg 2500
Folate (as folic acid) 800 �g 200
Vitamin B12 (as cyanocobalamin) 100 �g 1667
Biotin 300 �g 100
Pantothenic acid (as d-calcium

pantothenate)
400 mg 4000

Calcium (as calcium citrate and calcium
ascorbate)

500 mg 50

Iodine (from kelp) 150 �g 100
Magnesium (as magnesium aspartate,

magnesium ascorbate, and magnesium
amino acid chelate)

500 mg 125

Zinc (as zinc amino acid chelate) 20 mg 133
Selenium (as selenium amino acid chelate) 200 �g 286
Copper (as copper amino acid chelate) 2 mg 100
Manganese (as manganese amino acid

chelate)
20 mg 400

Chromium (as chromium polynicotinate) 200 �g 167
Molybdenum (as molybdenum amino acid

chelate)
150 �g 200

Potassium (as potassium aspartate and
potassium ascorbate)

99 mg 3

Choline (as choline bitartrate) 150 mg –†
Inositol 50 mg –†
PABA (as paraaminobenzoic acid) 50 mg –†
Boron (as boron aspartate and boron

citrate)
2 mg –†

Vanadium (as vanadyl sulfate) 39 �g –†
Citrus bioflavonoids 100 mg –†

PABA � p-aminobenzoic acid.
* Three pills twice daily. Other ingredients were croscarmellose sodium, micro-
crystalline cellulose, magnesium stearate, hydroxypropyl cellulose, and silicon di-
oxide.
† Daily value not established.
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Treatment Adherence
A total of 784 (46%) patients discontinued their reg-

imen during the study (390 [46%] in the placebo group
and 394 [46%] in the vitamin group; P � 0.67) (Appen-
dix Figure, available at www.annals.org). Patients received
caplets for a median of 31 months (IQR, 13 to 59 months)
in the vitamin group and 35 months (IQR, 13 to 60
months) in the placebo group (P � 0.65). A total of 645
(76%) vitamin recipients and 646 (76%) placebo recipi-
ents completed at least 1 year of oral therapy (P � 0.98),
and 400 (47%) and 426 (50%), respectively, completed at
least 3 years (P � 0.23) (Table 1 of the Supplement,
available at www.annals.org).

The most common reason for discontinuation was de-
clining to continue taking the vitamins or placebo (74% in
the vitamin group and 78% in the placebo group; P �
0.24), but 5.6% and 4.9%, respectively, discontinued be-
cause of physician preference (P � 0.65), and 9.9% and
7.9%, respectively, discontinued because of adverse events
or effects (P � 0.34) (Table 2 of the Supplement).
Women were more likely to discontinue vitamin therapy
than men (Table 3 of the Supplement).

The only difference between groups at baseline among
patients who discontinued their regimens was a higher pro-
portion of diabetes and greater use of oral hypoglycemic
drugs in the high-dose vitamin group (Table 4 of the Sup-
plement). A total of 289 (17%) patients withdrew from
the study (Figure 1); these data did not differ by group
(P � 0.69).

Primary and Secondary Outcomes
The primary end point occurred in 230 (27%) pa-

tients in the vitamin group and 253 (30%) in the placebo
group. The Kaplan–Meier 5-year event rate estimates were
34.2% (95% CI, 30.5% to 37.9%) for the vitamin group
and 37.0% (CI, 33.2% to 40.8%) for the placebo group
(hazard ratio, 0.89 [CI, 0.75 to 1.07]; P � 0.21) (Figure 2,
top). Treatment comparisons of the individual components
of the primary end point were indeterminate because of
fewer events for each component (Table 3). The composite
of cardiovascular death, MI, or stroke occurred in 94
(11%) patients in the vitamin group and 115 (13%) in the
placebo group (hazard ratio, 0.82 [CI, 0.62 to 1.07]; P �
0.142) (Figure 2, bottom).

Adverse Events
Serious adverse events occurred in 124 (15%) vitamin

recipients and 103 (12%) placebo recipients (difference, 3
percentage points [CI, �0.7 to 5.7 percentage points])
(Table 5 of the Supplement). Adverse events included 12
(1.4%) incident neoplasms in the vitamin group and 11
(1.3%) in the placebo group (difference, 0.1 percentage
point [CI, �0.8 to 1.3 percentage points]). No evidence
suggested harm from vitamin therapy in any category of
adverse events (Table 6 of the Supplement).

Table 2. Baseline Characteristics

Characteristic High-Dose
Vitamin Group
(n � 853)

Placebo Group
(n � 855)

Clinical
Median age (IQR), y 65 (59–72) 65 (60–72)
Women, n (%) 147 (17) 152 (18)
White, n (%) 797 (93) 808 (95)
Hispanic, n (%) 20 (2) 31 (4)
Median BMI (IQR), kg/m2 29 (26–33) 30 (27–34)
Median SBP (IQR), mm Hg 130 (118–140) 130 (120–140)
Median DBP (IQR), mm Hg 76 (70–81) 76 (70–80)

History
Hypercholesterolemia, n (%) 680 (81) 690 (82)
Hypertension, n (%) 574 (67) 595 (70)
Former cigarette smoker, n (%) 487 (57%) 468 (55)
Angina pectoris, n (%) 447 (52) 479 (56)
Anterior MI, n (%) 341 (40) 333 (39)
Diabetes, n (%) 282 (33) 256 (30)
Congestive heart failure, n (%) 137 (16) 170 (20)
Peripheral vascular disease, n (%) 125 (15) 143 (17)
Valvular heart disease, n (%) 72 (9) 103 (12)
Atrial fibrillation, n (%) 80 (10) 115 (14)
Stroke, n (%) 56 (7) 55 (6)
Median time from qualifying MI to

randomization (IQR), y
4.5 (1.6–9.5) 4.6 (1.7–9.0)

CABG or PCI, n (%) 705 (83) 709 (83)
PCI, n (%) 484 (57) 523 (61)
CABG, n (%) 390 (46) 384 (45)

Concomitant medications, n (%)
Aspirin, warfarin, or clopidogrel 781 (92) 771 (90)
Aspirin 729 (85) 698 (82)
�-Blocker 602 (71) 624 (73)
Statin 629 (74) 619 (72)
ACE inhibitor or ARB 529 (62) 555 (65)
Clopidogrel 200 (24) 225 (27)
Warfarin 60 (7) 88 (11)
Oral hypoglycemic diabetes

medication
207 (25) 173 (21)

Insulin 71 (9) 89 (11)
Multivitamin 344 (42) 371 (45)
Other vitamins/minerals* 428 (52) 424 (51)
Herbal products 265 (32) 295 (36)

Laboratory examinations
Median total cholesterol level (IQR)

mmol/L 4.25 (3.63–4.99) 4.29 (3.68–5.10)
mg/dL 164 (140–193) 166 (142–197)

Median triglyceride level (IQR)
mmol/L 1.6 (1.1–2.3) 1.6 (1.1–2.3)
mg/dL 141 (99–206) 138 (93–202)

Median glucose level (IQR)
mmol/L 5.6 (5.1–6.8) 5.7 (5.2–6.7)
mg/dL 102 (92–122) 103 (93–120)

Median LDL cholesterol level (IQR)
mmol/L 2.28 (1.73–2.93) 2.30 (1.76–3.03)
mg/dL 88 (67–113) 89 (68–117)

Median HDL cholesterol level (IQR)
mmol/L 1.11 (0.96–1.32) 1.09 (0.93–1.29)
mg/dL 43 (37–51) 42 (36–50)

Median serum creatinine level (IQR)
�mol/L 84 (79–106) 84 (79–106)
mg/dL 1.1 (0.9–1.2) 1.1 (0.9–1.2)

ACE � angiotensin-converting enzyme; ARB � angiotensin-receptor blocker;
BMI � body mass index; CABG � coronary artery bypass grafting; DBP �
diastolic blood pressure; HDL � high-density lipoprotein; IQR � interquartile
range; LDL � low-density lipoprotein; MI � myocardial infarction; PCI � per-
cutaneous coronary intervention; SBP � systolic blood pressure.
* Participants were receiving these agents at baseline/before initiation of the study.
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Subgroup Analysis
Prespecified tests for treatment interactions (Figure 3)

indicated no statistically significant interaction (P � 0.94)
of oral vitamin therapy and EDTA chelation or placebo or
between oral vitamin therapy and type of enrolling prac-
tice, defined as complementary or alternative medicine or
conventional medical practice (P � 0.39). Statin therapy
at baseline interacted with vitamin therapy (P for interac-
tion � 0.012).

DISCUSSION

TACT found that a 28-component, high-dose oral
multivitamin and multimineral regimen used as secondary
prevention in patients who have had MI did not statisti-
cally significantly reduce cardiovascular events. The com-
plex mixture seemed safe. However, these conclusions must
be interpreted cautiously because of a high rate of with-
drawal and nonadherence.

Our study adds to the existing literature on vitamin
therapy in 3 ways. First, complementary and alternative
medicine practitioners rather than clinical researchers or
supplement companies designed the specific components
of the oral treatment regimen, leading to a unique high-
dose mixture (Table 7 of the Supplement). Second, an
English-language MEDLINE search up to August 2013
showed only 1 other large-scale trial of a multivitamin
preparation focusing on cardiovascular outcomes (15) that
tested more than 4 components. That trial, the Physicians
Health Study II, included only 5.1% (n � 754) of patients
with self-reported vascular disease. Thus, our multivitamin
study, with its multiple high-dose components and enroll-
ment of 1708 patients who have had MI, adds to the
knowledge base of multivitamin therapy as secondary pre-
vention. Finally, and most relevant to the complementary
and alternative medicine community, the 2 � 2 factorial
design permitted the determination that vitamin therapy
did not interact with intravenous chelation, an interven-
tion that had a modestly positive effect on cardiovascular
outcomes (8).

Cardiovascular disease remains the principal cause of
death and disability in the United States. Among the in-
terventions used by patients to treat or prevent heart dis-
ease are those supported by an evidence base and pre-
scribed by physicians and over-the-counter nutritional
supplements, vitamins, and minerals advertised by the
vitamin and supplement industry and purchased by
many patients. Clinical trials have randomly assigned thou-
sands of patients to trials testing only a few antioxidant
vitamins and minerals, typically vitamin C, vitamin E,
�-carotene, and selenium, alone or in factorial groups and
combinations.

The systematic analyses of trials testing a few vitamins
and minerals to prevent cardiovascular disease can be char-
acterized as negative and have suggested that some supple-
ments may be harmful in high doses and for some patients

(4, 5, 16). However, the U.S. public has increased its adop-
tion of more complex multivitamin and multimineral sup-
plements to prevent cardiac disease and maintain health
(17). The use of multicombination supplements has in-
creased from 30% of the overall supplement market be-
tween 1988 and 1994 to 39% between 2003 and 2006.
The supplement industry has increased from $4 billion
in 1994 to $23.7 billion in 2008 (18, 19). Clinical trials
have not kept pace with the use of these multiple-agent
supplements.

Figure 2. Kaplan–Meier estimates of the primary composite
end point (top) and CV death, MI, or stroke (bottom):
high-dose vitamins versus placebo.
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Admittedly, some observations correlate diets rich in
varied micronutrients to cardiovascular health and show
plausible mechanisms by which complex mixtures of vita-
mins, minerals, and micronutrients could improve cardio-
vascular outcomes (1–3). Micronutrients, including vita-
min C (20), some bioflavonoids, and others (21), may
improve endothelial function. Vitamin E is an antioxidant
vitamin and may even repair iron handling within the ath-
erosclerotic plaque, thereby influencing oxidant damage
(22). Many other mechanisms have been described that are
beyond the scope of this discussion. Moreover, the safety
concerns raised by clinical trials with single antioxidant
vitamins have not been addressed with complex multivita-
min and multimineral mixtures (4, 23, 24). Thus, it is
reasonable to expand the reach of vitamin trials and test
complex mixtures to elucidate efficacy and safety.

The high-dose vitamins used in TACT showed an
11% relative reduction in the primary composite end point
relative to the placebo group that was not statistically sig-
nificant. This difference was substantially smaller than the
trial was powered to measure. Thus, although this trial
does not support the routine use of this high-dose oral
multivitamin regimen for all patients who have had MI,
the reduced statistical power due to a small difference be-
tween groups, as well as nonadherence to the study regi-
men, limits the conclusion of nonefficacy. Future studies
of this particular regimen would have to consider a smaller
effect size than we estimated, as well as the barriers to
adherence that were identified.

We found a significant interaction of vitamin therapy
with statin use, reflecting a greater effect of high-dose vita-
mins in patients not receiving a statin. This finding, which
addressed a prespecified subset of patients intolerant to st-
atins or self-selected not to receive statins, should not be
interpreted as evidence that vitamin therapy can safely be
substituted for statins in patients who have had MI. This
finding requires additional mechanistic research and inde-
pendent replication before the clinical implications can be
understood. We also did not replicate the results of Brown

and colleagues (25), who observed that a reduction in clin-
ical events associated with simvastatin was attenuated by
the concomitant use of vitamins E and C, �-carotene, and
selenium.

Despite our conclusions that high-dose oral vitamins
and minerals alone do not seem to have a role in the man-
agement of patients who have had MI, these persons will
probably continue using vitamins for cardiovascular health.
It is, therefore, important to comment further on the safety
of the TACT vitamins. Despite the doses used (higher in
most components than those used by Sesso and associates
[15]), serious adverse events and incident cases of cancer
did not differ between the groups. However, this conclu-
sion must be tempered by a high rate of discontinuation of
the randomly assigned therapy or placebo.

Our study had important limitations. The statistical
plan was based on an effect size (25% reduction) that may
have been overly optimistic for the oral vitamins. The
TACT vitamin regimen, requiring 6 large caplets daily,
imposed a barrier to patient adherence.

In addition, the patient burden of the chelation com-
ponent of the factorial trial was high. Combining an oral
vitamin regimen with intravenous therapy probably in-
creased the nonadherence rate for the oral therapy reported
here. This nonadherence rate reduced the ability to defin-
itively comment about the potential toxicity of such a
high-dose vitamin and mineral mixture.

Nevertheless, the loss of outcomes data is at least par-
tially mitigated because the death status of all patients was
checked at the end of the study using the Social Security
Death Index and the Canadian death registry. In addition,
although more patients withdrew from the study than ex-
pected, some did so after having a primary end point. Pa-
tients who discontinued vitamins or placebo continued to
be followed (unless they withdrew from the study); there-
fore, we obtained follow-up information for those who
discontinued vitamins or placebo but remained in the trial.

In stable patients with a history of MI receiving ap-
propriate, evidence-based medical therapy, use of high-

Table 3. Clinical End Points*

Variable High-Dose Vitamin
Group (n � 853)

Placebo Group
(n � 855)

Hazard Ratio
(95% CI)

P Value

Primary end point, n (%)† 230 (27) 253 (30) 0.89 (0.75–1.07) 0.21
Death 87 (10) 93 (11) 0.93 (0.69–1.24) 0.61
MI 58 (7) 61 (7) 0.95 (0.66–1.36) 0.79
Stroke 8 (1) 15 (2) 0.53 (0.22–1.25) 0.139
Coronary revascularization 132 (15) 155 (18) 0.84 (0.66–1.05) 0.131
Hospitalization for angina 12 (1) 19 (2) 0.63 (0.30–1.29) 0.20

Secondary end point, n (%)‡ 94 (11) 115 (13) 0.82 (0.62–1.07) 0.142
Cardiovascular death 45 (5) 56 (7) 0.80 (0.54–1.18) 0.26

MI � myocardial infarction.
* The percentages are based on the number of patients having the event at any time during follow-up (not first events) divided by the number of patients randomly assigned.
† The first occurrence of death from any cause, MI, stroke, coronary revascularization, or hospitalization for angina.
‡ The first occurrence of death from a cardiovascular cause, MI, or stroke.
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dose oral multivitamins and multiminerals seemed safe
but did not statistically significantly reduce cardiovascular
events. These conclusions must be interpreted cautiously
because of a high rate of nonadherence to the study
regimen.

From Mount Sinai Medical Center, Miami Beach, Florida; National
Heart, Lung, and Blood Institute and National Center for Complemen-
tary and Alternative Medicine, Bethesda, Maryland; Palmer Center for

Chiropractic Research, Davenport, Iowa; Duke Clinical Research Insti-
tute, Durham, North Carolina; Biogenesis Medical Center, Landrum,
South Carolina; Brigham and Women’s Hospital and Harvard Medical
School, Boston, Massachusetts; and University of Kansas Medical Cen-
ter, Kansas City, Kansas.

Note: Dr. Lamas had full access to all of the data in the study and had
final responsibility for the decision to submit this article for publication.

Figure 3. Subgroup analyses comparing high-dose vitamins with placebo.
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CAM � complementary and alternative medicine; MI � myocardial infarction.
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APPENDIX: TACT INVESTIGATORS, LEADERSHIP, AND

TRIAL COMMITTEES

United States
Bronx-Lebanon Hospital Center, Bronx, New York: Naren-

dra Bhalodkar, Noneta Montinola; Magaziner Center for Well-
ness, Cherry Hill, New Jersey: Allan Magaziner, Betty Ann Per-
sico; The Ohio State University Medical Center, Columbus,
Ohio: Raymond Magorien, Luba Mazanec; The Johns Hopkins
University, Baltimore, Maryland: Pamela Ouyang, Jeanne
Wingo; Baystate Medical Center, Springfield, Massachusetts:
Mara Slawsky, Judith Fleurent; Heart Care Center, East Syra-
cuse, New York: Russell Silverman, Sherri Loucks; Androscoggin
Cardiology Associates, Auburn, Maine: Robert Weiss, Diana
Cass; Family Health Medical Services, Mayville, New York:
Robert Berke, Paige Davidson; Main Line Health Heart Center,
Wynnewood, Pennsylvania: Robert Bulgarelli, Susan Herring;
New York Veterans Affairs Medical Center, Cardiovascular
Clinical Research Center, New York, New York: Steven Sedlis,
Estelita Anteola; University Hospitals of Cleveland, Cleveland,
Ohio: Austin Halle, Lian Yang; The Institute of Integrative Med-

icine, Denville, New Jersey: Majid Ali, Mahboobullah Baig; Deb-
orah Heart and Lung Center, Browns Mills, New Jersey: Alexan-
der Poulathas, Linda Dewey; New York University School of
Medicine, New York, New York: Harmony Reynolds, Chao
Wang; Rhinebeck Health Center, Rhinebeck, New York: Ken-
neth Bock, Debbie Truin; Schachter Center for Complementary
Medicine, Suffern, New York: Michael Schachter, Sally Minnie-
field; Yulius Poplyansky, MD, Roselle Park, New Jersey: Yulius
Poplyansky, Marjorie Patino; Stockton Family Practice, Stock-
ton, New Jersey: Stuart Freedenfeld, Verna Good; Hudson Val-
ley Heart Center, Poughkeepsie, New York: Glenn Gerber,
Patricia O’Brien; Celebration of Health Association, Bluffton,
Ohio: Terry Chappell, Marcia Arnold; Wholistic Health Center,
Greensburg, Pennsylvania: Ralph Miranda, Barb Casella; Staten
Island Heart, Staten Island, New York: James Lafferty, Lenora
Tafuri-Acevedo; Marino Center for Integrative Medicine, Cam-
bridge, Massachusetts: Guy Pugh, Vivian Cole; Land Clinical
Studies, West Caldwell, New Jersey: James Garofalo, Krystle
Chavez; Comprehensive Heart Care, Toledo, Ohio: James Rob-
erts, Debra Braun; Advanced Family Medicine, Grove City,
Ohio: James Johnson, Rosemary Stevenson; Longevity Medical,
South Amboy, New Jersey: Ivan Krohn, Lewis S. Korb; Lake
Cable Medical Center, Canton, Ohio: Jack Slingluff, John
Mountford; Woodlands Healing Research, Quakertown, Penn-
sylvania: Robert Schmidt, Evelyn Alentin; Matrix Clinic, Day-
ton, Ohio: Lisa Lichota, Keith Rost; Maine Integrative Wellness,
Portland, Maine: Sean McCloy; Upper Valley Family Care,
Troy, Ohio: Richard Plumb, Lynn Shough; Arkansas Center for
Physical Medicine and Rehabilitation, North Little Rock, Arkan-
sas: Linda Bunch, April Archey; Riverside Family Medical, Law-
renceville, Georgia: Lisa Merritt, Lisa Lockett; Florida Cardiovas-
cular Group, Atlantis, Florida: Steven Borzak, Dina Herig;
University of Arkansas for Medical Sciences, Little Rock, Arkan-
sas: Joseph Bissett, Sandra McLaren; Central Arkansas Veterans
Healthcare System, Little Rock, Arkansas: Joseph Bissett, Sharon
Locke; The Heart Group, Fort Myers, Florida: Joseph O’Bryan,
Mary Barr; Boice Willis Clinic, Rocky Mount, North Carolina:
Shalendra Varma; Cardiology Consultants of South Florida,
Tamarac, Florida: Ricky Schneider, Rochelle Mckenzie; Comple-
mentary Medical Services, Mandeville, Louisiana: James Carter,
Kaylynn LeBlanc; Athens Surgery Clinic, Athens, Tennessee:
Joseph Holliday, Vivian Holliday; Biogenesis Medical Center,
Landrum, South Carolina: Theodore Rozema, Dolly Corbin;
Mount Sinai Medical Center, Miami Beach, Florida: Robert
Ciccia-Maclean, Pablo Guala; Mount Sinai Medical Center of
Florida, Miami Beach, Florida: Todd Heimowitz, Helen Garcia;
Caring Cardiology, Miami Beach, Florida: Roy Heilbron, Celia
Heilbron; Pain and Healing Center, Miami Springs, Florida:
Angelique Hart; Baptist Cardiac and Vascular Institute, Miami,
Florida: Barry Katzen, Ivette Cruz; Advantage Health Center,
Myrtle Beach, South Carolina: Donald Tice; Wellness and Lon-
gevity Center of Louisiana, Lafayette, Louisiana: Sangeeta Shah,
Debbie Vige; Virginia Beach General Hospital, Virginia Beach,
Virginia: John Griffin, Pam Hollsten; Tri-Health Alternative
Medical Center, Mount Dora, Florida: Jack Young, Estela Frans-
bergen; Tru Med, Melbourne, Florida: Rajiv Chandra, Terry
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Murphy; Mark O’Neil Speight, MD, Matthews, North Carolina:
Mark Speight, Janine Speight; Grace Medical Association, Lewis-
ville, Texas: Smart Idemudia, Geneve Gutierrez; The Cardiovas-
cular Group, Fairfax, Virginia: Lawrence Miller, Deanna Over-
beck; Heart and Vascular Center for Research, Sarasota, Florida:
Clayton Bredlau, Amy Heineman; The Blend Institute, Pal-
metto, Florida: Timothy Blend, Helena Williams; Innovative
Research of West Florida, Clearwater, Florida: Miguel Trevino,
Kimberly Mai; Wellness Center, Anniston, Alabama: Jose
Oblena, Bonita Harris; Chelation Centers of Texas, Texas City,
Texas: Dorothy Merritt, Elizabeth Collins; Tyler Total Wellness
Center, Tyler, Texas: Pieter deWet, Cindy deWet; Jenks Health
Team, Jenks, Oklahoma: Gerald Wootan, Susan Shaw; Integra-
tive Medical Associates, Tryon, North Carolina: Connie Ross,
Michelle Simpson; COR Clinical Research, Oklahoma City,
Oklahoma: Clinton Corder, Michael Stout; Wright Health &
Wellness Center, Broken Arrow, Oklahoma: Robert Wright,
Alma Steffen; Florida Cardiovascular Institute, Tampa, Florida:
John Sullebarger, Leona Stewart; Wellness Works, Brandon,
Florida: Carol Roberts, Berni McClendon; Life Family Practice
Center for Complementary and Alternative Medicine, The Vil-
lages, Florida: Nelzon Kraucak, Mariann Haring; Northeast Lou-
isiana Anti-Aging and Wellness Center, West Monroe, Louisi-
ana: Linda Bunch, Shauna Gallien; Tequesta Family Practice,
Tequesta, Florida: R.J. Oenbrink, Joe Militello; Full Circle Med-
ical Center, Ringgold, Georgia: Charles Adams, Jackie Miles;
Family/Complementary Medicine, Baton Rouge, Louisiana:
Karen Dantin, Laurie McDuff; White-Wilson Medical Center,
Fort Walton Beach, Florida: Leslie Fleischer, Cheri Penas; Pears-
all Medical and Bariatrics, Houston, Texas: Gurney Fields Pears-
all, Marina M. Pearsall; Mueller Institute for Functional Medi-
cine & Research, Altamonte Springs, Florida: Jeffrey Mueller,
B.J. West; Louisiana Anti-Aging & Wellness Care, Shreveport,
Louisiana: Linda Bunch, Kim Robinson; Hillsboro Family Med-
icine, Deerfield Beach, Florida: Paul Kotturan, Nalini Reddy;
The Castle Clinic, Johnson City, Tennessee: Robert C. Allen,
Laura Whitaker; Heart Specialists, Friendswood, Texas: Rajinder
Bhalla, Teresa Hicks; Florida Medical Clinic, Zephyrhills, Flor-
ida: Hector Fontanet, Precious Hoyle; Hyperbaric Medicine,
Fort. Walton Beach, Florida: Albert Zant, Michelle Potpan; Uni-
versity of Missouri Health Care, Columbia, Missouri: Greg
Flaker, Sharon Clasby; Henry Ford Health System, Detroit,
Michigan: Jonathan Ehrman, Matthew Saval; University of Kan-
sas Medical Center, Kansas City, Kansas: Jeanne Drisko, Eliza-
beth Schrick; Waters Preventive Medical Center, Wisconsin
Dells, Wisconsin: Robert Waters, Sarah B. Chapman; Bircher
Chiropractic and Wellness Center, Eau Claire, Wisconsin: Don-
ald Riemer, Laura Sembach; Preventive Medicine, St. Louis, Mis-
souri: Varsha Rathod, Heather Moran; Born Preventive Health
Care Clinic & Crossroads Healing Arts, Grand Rapids, Michi-
gan, and Goshen, Indiana: Tammy Born, Judy Schneider; Inte-
grative Medicine Center at Schneck Medical Center, Seymour,
Indiana: Steven Windley, Stephanie Pyle; Mayo Clinic and
Foundation Cardiovascular Health Clinic, Rochester, Minnesota:
Gerald Gau, Dawn Shelstad; Berman Center for Outcomes and
Clinical Research, Minneapolis, Minnesota: Richard Grimm,

Mary Perron; Parchment Family Practice, Parchment, Michigan:
Eric Born, Julie Ladkrood; The Preventive Medicine Center,
Flint, Michigan: Kenneth Ganapini, Venus Barney; West Holt
Medical Clinic, Atkinson, Nebraska: Robert Randall, Teresa
Kohle; Northwest Indiana Cardiovascular Physicians, Valparaiso,
Indiana: Hector Marchand, Cheryl Kwiatkowski; Cardiovascular
Research Foundation, Franklin, Wisconsin: Anita Arnold, Dana
Kappel; Care Foundation, Wausau, Wisconsin: Timothy Loge-
man, Karen Olson; The Center for the Improvement of Human
Functioning International, Wichita, Kansas: Ron Hunninghake,
Mavis Schultz; Brian Dieterle, MD, PhD, Internal Medicine,
Hollister, Missouri: Brian Dieterle, Debra Louderback; MTO
Holistic Health Center, Danville, California: Marjon Fariba,
Sepideh Arvin Matthew; Hope Medical Holistic Clinic, Vancou-
ver, Washington: Zbigniew Grudzien, Marinela Matei; Coyote
Healing Center Integrative Medicine and Psychiatry, Tucson,
Arizona: Richard Dexter, Christine Rupley; Access Clinical Tri-
als/Cardiovascular Research Institute, Culver City, California:
Ronald Karlsberg, Tracey S. Gerez; Patrick A. Golden, MD,
Fresno California: Patrick Golden, Kathy Sasser; Aurora Denver
Cardiology Associates, Denver, Colorado: Nampalli Vijay, Me-
linda Washam; Casdorph Clinic, Long Beach, California: Rich-
ard Casdorph, Heather Browning; Chris Hatlestad, MD, Bend,
Oregon: Chris Hatlestad, Christine Ohlemann; Alaska Cardio-
vascular Research Foundation, Anchorage, Alaska: Paul Peterson,
Lori Heaney; Scripps Center for Integrative Medicine, La Jolla,
California: Erminia Guarneri, Eva Stuart; Frontier Medical In-
stitute, Golden, Colorado: Terry Grossman, Kathryn Bottinell;
Cardiac Solutions, Peoria, Arizona: Vishal Patel, Denise Wells;
Freedom Center for Advanced Medicine, Provo, Utah: William
David Voss, Lorna Gordon; Gordon Medical Associates, Santa
Rosa, California: Eric Gordon, Win Bertrand; Phoenix Wellness
Group, Napa, California: Eleanor Hynote, Katie Lacey; The
Center for Optimal Health, Bellevue, Washington: Ann McCombs,
Arlene Sellereite; Center for Environmental Medicine, Portland,
Oregon: Chris Hatlestad, Cambor Wade; St. Charles Health Sys-
tem, Bend, Oregon: Bruce McLellan, Noura Sall.

Canada
Seekers Centre for Integrative Medicine, Ottawa, Ontario:

Richard Nahas (country leader), Shadi Nahas; Anti-Aging &
Family Wellness Clinic, Madoc, Ontario: Arun Dosaj, Diane
Dosaj; Chelox, Toronto, Ontario: Shmuel Bergman, Mary Toro;
The Wellness Centre, Port Hawkesbury, Nova Scotia: Ben
Boucher, Robyn Whitty; Jaconello Health Centre, Toronto, On-
tario: Paul Jaconello, Hildegard Beath; Markham Integrative
Medicine, Markham, Ontario: John Gannage, Tony Estacio;
Chelation & Natural Therapy, Toronto, Ontario; Chelation
Center of Don Valley, Toronto, Ontario; Chelation Center of
Barrie, Barrie, Ontario: Fred Hui, Eva Pacaba; Saskatoon Chela-
tion Centre, Saskatoon, Saskatchewan: Edward Nykiforuk, Val
Kalyn; Dr. Clare Minielly, Smith Falls, Ontario: Clare Minielly;
Recherche Cardiologie Hôtel-Dieu du Le Centre hospitalier de
l’Université de Montréal, Montréal, Québec: François Reeves;
North Bay Complementary, North Bay, Ontario: Jean Aubry,
Barbara Brooks; Montreal Heart Institute, Montréal, Québec:
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Jean-Claude Tardif, Randa Zamrini; Cline Medical Centre,
Nanaimo, British Columbia: John Cline, Frank Pluta.
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Howard Hodis (Chair), Steven Buckley, Barry R. Davis,

Theodore Ganiats, Gail Geller, Robert Nash, George Wyse.
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Finn, Chau Duong, Renée Mercier.

Data Coordinating Center at the Duke Clinical Research In-
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tor), Sandra Tourt-Uhlig, Joyce Good, Lauren Lindblad, Loren
Lytle, Vivian Thompson, Linda Szczech, Gerard Esposito, Mer-
edith Smith, Trevorlyn Haddock, Constance Bardinelli, Wanda
Parker, Lindsey Lambe, Cresha Cianciolo, Brian Fox, Emlie
Johnson, Mary Molina, Rita Weber, Leslie Williams.

Economics and Quality of Life Coordinating Center at the
Duke Clinical Research Institute, Durham, North Carolina: Daniel
Mark (principal investigator), Nancy Clapp-Channing, Diane
Minshall-Liu, Jason Blevins, Kevin Anstrom, David Knight,
Thomas Redick, Andrea Davis, Miguel Pena.

Clinical Coordinating Center at Mount Sinai Medical Center,
Miami Beach, Florida: Gervasio Lamas (principal investigator),
Ana Mon, Esteban Escolar, Steven Hussein, Pablo Guala, Kay-
van Amini, Faisal Shamshad, Jacqueline Arciniega, Jamie Zim-
merman, Danielle Hollar, Beatriz Acevedo, Helen Garcia, Adam
Williams, Matthew Shields, Renea Moss, Virginia Martini, Par-
minder Singh, Jewmaull Reed, Maria Salas, Carlos Zamora,
Tristan Edwards, Stephanie Escalante, Laura Davila, Rachel
Margolis.

Appendix Figure. Kaplan–Meier estimates of discontinuation of vitamins: high-dose vitamins versus placebo.
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