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TREATMENT OF LEAD TOXICITY
with chelation was first re-
ported with EDTA in the early
1950s.1 Apparent success in re-

ducing metastatic calcium deposits2 led
Clarke et al3 in 1956 to treat angina pa-
tients with EDTA, and others to use
chelation for various forms of athero-
sclerotic disease.4-6 Chelation therapy
evolved to constitute infusions of vita-
mins and disodium EDTA, a drug that
binds divalent and some trivalent cat-
ions, including calcium, magnesium,
lead, cadmium, zinc, iron, aluminum,
and copper, facilitating their urinary
excretion.7,8

Over the next decades, based on fa-
vorable anecdotal and case report expe-
rience, chelation practitioners in-
creased their use of EDTA for coronary
and peripheral artery disease. The 2007
National Health Statistics Report com-
pared chelation use since 2002 and noted
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Importance Chelation therapy with disodium EDTA has been used for more than
50 years to treat atherosclerosis without proof of efficacy.

Objective TodetermineifanEDTA-basedchelationregimenreducescardiovascularevents.

Design, Setting, and Participants Double-blind, placebo-controlled, 2!2 fac-
torial randomized trial enrolling 1708 patients aged 50 years or older who had expe-
rienced a myocardial infarction (MI) at least 6 weeks prior and had serum creatinine
levels of 2.0 mg/dL or less. Participants were recruited at 134 US and Canadian sites.
Enrollment began in September 2003 and follow-up took place until October 2011
(median, 55 months). Two hundred eighty-nine patients (17% of total; n=115 in the
EDTA group and n=174 in the placebo group) withdrew consent during the trial.

Interventions Patients were randomized to receive 40 infusions of a 500-mL che-
lation solution (3 g of disodium EDTA, 7 g of ascorbate, B vitamins, electrolytes, pro-
caine, and heparin) (n=839) vs placebo (n=869) and an oral vitamin-mineral regimen
vs an oral placebo. Infusions were administered weekly for 30 weeks, followed by 10
infusions 2 to 8 weeks apart. Fifteen percent discontinued infusions (n=38 [16%] in
the chelation group and n=41 [15%] in the placebo group) because of adverse events.

Main Outcome Measures The prespecified primary end point was a composite
of total mortality, recurrent MI, stroke, coronary revascularization, or hospitalization
for angina. This report describes the intention-to-treat comparison of EDTA chelation
vs placebo. To account for multiple interim analyses, the significance threshold re-
quired at the final analysis was P=.036.

Results Qualifying previous MIs occurred a median of 4.6 years before enrollment.
Median age was 65 years, 18% were female, 9% were nonwhite, and 31% were dia-
betic. The primary end point occurred in 222 (26%) of the chelation group and 261
(30%) of the placebo group (hazard ratio [HR], 0.82 [95% CI, 0.69-0.99]; P=.035).
There was no effect on total mortality (chelation: 87 deaths [10%]; placebo, 93 deaths
[11%]; HR, 0.93 [95% CI, 0.70-1.25]; P=.64), but the study was not powered for
this comparison. The effect of EDTA chelation on the components of the primary end
point other than death was of similar magnitude as its overall effect (MI: chelation,
6%; placebo, 8%; HR, 0.77 [95% CI, 0.54-1.11]; stroke: chelation, 1.2%; placebo,
1.5%; HR, 0.77 [95% CI, 0.34-1.76]; coronary revascularization: chelation, 15%; pla-
cebo, 18%; HR, 0.81 [95% CI, 0.64-1.02]; hospitalization for angina: chelation, 1.6%;
placebo, 2.1%; HR, 0.72 [95% CI, 0.35-1.47]). Sensitivity analyses examining the ef-
fect of patient dropout and treatment adherence did not alter the results.

Conclusions and Relevance Among stable patients with a history of MI, use of an
intravenouschelationregimenwithdisodiumEDTA,comparedwithplacebo,modestlyreduced
theriskofadversecardiovascularoutcomes,manyofwhichwererevascularizationprocedures.
These results provide evidence to guide further research but are not sufficient to support
the routine use of chelation therapy for treatment of patients who have had an MI.
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an increase of 68%, from 66 000 to
111 000 adults using chelation therapy,9

although the indications for therapy were
not clearly defined, and the prevalence
of use of chelation therapy for cardio-
vascular disease is unknown.

Three small clinical trials have as-
sessed the effects of chelation on sur-
rogate outcomes, such as walking dis-
tance in patients with claudication (2
trials with 185 patients total) and time
to exercise-induced ischemia in pa-
tients with coronary disease (1 trial with
84 patients). These studies did not find
any evidence of treatment efficacy but
were underpowered for evaluation of
clinical events.10-12 As a consequence,
mainstream medical organizations con-
sider the therapeutic value of chela-
tion for atherosclerotic vascular dis-
ease unproven13 and the use of this
therapy potentially dangerous. Diso-
dium EDTA, particularly when in-
fused too rapidly, may cause hypocal-
cemia and death.14 The Trial to Assess
Chelation Therapy (TACT) was con-

ducted to respond to the public health
problem posed by EDTA chelation
therapy: large numbers of patients being
exposed to undefined risks for un-
proven benefits.

METHODS
Overview
TACT was a double-blind 2!2 facto-
rial trial: patients were randomized to
receive 40 infusions of disodium EDTA
chelation or placebo and additionally
to an oral high-dose vitamin and min-
eral regimen or placebo. Details of the
study protocol have been published.15

This report describes the results of the
EDTA chelation vs placebo compari-
son (FIGURE 1).

The National Heart, Lung, and Blood
Institute (NHLBI) and the National
Center for Complementary and Alter-
native Medicine (NCCAM) provided
sponsorship and oversight. The US
Food and Drug Administration (FDA)
approved an Investigational New Drug
application for disodium EDTA for

coronary artery disease. A data and
safety monitoring board (DSMB), ap-
pointed by NCCAM (the primary in-
stitute at the time) and approved by di-
rectors of both sponsoring institutes,
monitored patient safety, treatment ef-
fects, and the conduct of the trial. In-
stitutional review boards approved the
final protocol and provided ongoing
oversight. All patients provided writ-
ten informed consent. The Duke Clini-
cal Research Institute (DCRI) per-
formed data management and statistical
analyses.

Study Population
Eligible patients were at least 50 years old
and had experienced a myocardial in-
farction (MI) 6 weeks or more prior to
enrollment. Patients were ineligible if
they were women of childbearing po-
tential, had a serum creatinine level
greater than2.0mg/dL,platelet count less
than 100 000/"L, abnormal liver func-
tion studies, blood pressure greater than
160/100 mm Hg, past intolerance to the
chelation or vitamin components, che-
lation therapy within 5 years, coronary
or carotid revascularization planned or
having taken place within 6 months,
cigarette smoking within 3 months, ac-
tive heart failure or heart failure hospi-
talization within 6 months, or inability
to tolerate 500-mL infusions weekly.15

Patients were enrolled at 134 sites, of
which 81 (60%) were sites in which che-
lation therapywasalreadypracticed.Race
and ethnicity were self-reported and col-
lected as required in federally funded
trials.

Treatment
The refrigerated blinded active chela-
tion solution was prepared by a cen-
tral pharmacy with the ascorbate and
EDTA in 2 separate syringes and
shipped to arrive at the sites within 48
hours of preparation. Placebo infu-
sions were shipped with identical pack-
aging and 2 separate placebo syringes.
Following mixing, the sites were in-
structed to infuse within 24 hours. The
active, 10-component chelation solu-
tion was selected to most closely match
the standard solution used by chela-

Figure 1. Participant Flow

1850 Patients assessed for eligibility

839 Included in primary analysis b

115 Withdrew consent during follow-up
13 Lost to follow-up (reasons unknown)

233 Discontinued intervention after having started
129 Patient refusal or nonadherence

38 Adverse event, procedure, or end point
29 To receive open-label EDTA
11 Pain or intravenous access site adverse effects
11 Closed study site
8 Terminal illness or comorbidities
7 Physician preference

839 Randomized to receive EDTA chelation
565 Received all 40 infusions
82 Received 30-39 infusions
37 Received 20-29 infusions
53 Received 10-19 infusions
75 Received <10 infusions
27 Did not receive randomized intervention

(0 infusions)

869 Included in primary analysis b

174 Withdrew consent during follow-up
9 Lost to follow-up (reasons unknown)

281 Discontinued intervention after having started
160 Patient refusal or nonadherence
41 Adverse event, procedure, or end point
28 To receive open-label EDTA
20 Terminal illness or comorbidities
15 Closed study site
13 Physician preference
4 Pain or intravenous access site adverse effects

869 Randomized to receive placebo infusion
552 Received all 40 infusions
96 Received 30-39 infusions
47 Received 20-29 infusions
75 Received 10-19 infusions
65 Received <10 infusions
34 Did not receive randomized intervention

(0 infusions)

142 Excluded a

1708 Randomized

aScreened patients not randomized because of inclusion/exclusion criteria, unwillingness to participate, or other
reasons. Reasons for exclusions were not stored.
bAll patients were included in the primary “time to event” analysis for the duration of their follow-up, includ-
ing patients who withdrew consent or were lost to follow-up.

DISODIUM EDTA CHELATION IN PATIENTS WITH PREVIOUS MI

1242 JAMA, March 27, 2013—Vol 309, No. 12 ©2013 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 03/27/2013



tion practitioners16 and consisted of up
to 3 g of disodium EDTA, adjusted
downward based on estimated glomer-
ular filtration rate; 7 g of ascorbic acid;
2 g of magnesium chloride; 100 mg of
procaine hydrochloride; 2500 U of un-
fractionated heparin; 2 mEq of potas-
sium chloride; 840 mg of sodium bi-
carbonate; 250 mg of pantothenic acid;
100 mg of thiamine; 100 mg of pyri-
doxine; and sterile water to make up
500 mL of solution. The identical-
appearing placebo solution consisted of
500 mL of normal saline and 1.2% dex-
trose (2.5 g total).

The chelation or placebo infusions
were administered through a periph-
eral intravenous line, weekly for the first
30 infusions, followed by an addi-
tional 10 infusions 2 to 8 weeks apart.
Infusions were administered over at
least 3 hours unless serum calcium cor-
rected for albumin concentration was
between 8.0 and 8.5 mg/dL or the pa-
tient was unable to tolerate the 3-hour
infusion because of heart failure. In
those cases, the infusions were admin-
istered more slowly. During the infu-
sion phase of the trial, all study pa-
tients, including those randomized to
placebo infusions, received a daily low-
dose vitamin regimen consisting of vi-
tamin B6, 25 mg; zinc, 25 mg; copper,
2 mg; manganese, 15 mg; and chro-
mium, 50 "g, to prevent potential
depletion by the chelation regimen. In-
vestigators were trained in and moni-
tored for the use of evidence-based
post-MI therapy.

Follow-up
Study follow-up for clinical events be-
gan at randomization. Patients were seen
at baseline and at each of the 40 infu-
sion visits. Following the infusion phase,
patients were telephoned quarterly, at-
tended annual clinic visits, and were seen
at the end of the trial or at the 5-year fol-
low-up, whichever was first. Patient fol-
low-up continued without censoring if
a nonfatal end point occurred.

Safety
Safety monitoring included periodic
physical examinations and laboratory

assessments. These included glucose,
calcium, renal function, hepatic func-
tion, and hematologic parameters. Pa-
tients had body weight assessed prior
to infusions to determine whether there
was fluid retention. Infusions were de-
layed until specific abnormal physical
or laboratory findings resolved. Rapid
infusions were reported electronically
to the coordinating centers. A medical
monitor at the DCRI who was masked
to patient treatment assignment re-
viewed deaths and unexpected seri-
ous adverse events.

End Points
The primary end point was a compos-
ite of death from any cause, reinfarc-
tion, stroke, coronary revasculariza-
tion, or hospitalization for angina. The
composite of cardiovascular death, re-
infarction, or stroke was a prespeci-
fied secondary end point. A blinded in-
dependent clinical events committee at
Brigham and Women’s Hospital adju-
dicated all nonprocedural compo-
nents of the primary end point. The oc-
currence of coronary revascularizations
was verified from the source medical
record by the DCRI.

Prespecified Subgroups
TACT prespecified several subgroups
for analyses based on assessing under-
represented populations (women and
minorities), elderly persons (aged #70
years), high-risk patients (MI loca-
tion, diabetes, and metabolic syn-
drome), and other subgroups of inter-
est (time from index MI to trial
enrollment, patients in whom statin
therapy was not being used). We also
assessed any interaction of the infu-
sion therapy with the oral high-dose vi-
tamin and mineral component of the
factorial trial and with the type of en-
rolling site (chelation practice vs not a
chelation practice).

Statistical Analysis
TACT originally planned to enroll 2372
patients over 3 years with a minimum
follow-up of 1 year. This number pro-
vided 85% power for detecting a 25%
relative reduction in the primary end

point, assuming a 2.5-year event rate
in the placebo group of 20% and a level
of significance of .05. In July 2009, con-
tinued difficulties in recruitment of pa-
tients led the blinded investigators to
request approval from the DSMB for a
reduction of total enrollment to 1700,
with a compensatory extension in the
length of follow-up to maintain the
same level of unconditional statistical
power as described above for the origi-
nal sample of 2372 patients. The DSMB
approved the request, and 1708 pa-
tients were randomized. The fol-
low-up period for the trial closed Oc-
tober 31, 2011, approximately 1 year
after the last patient was enrolled (see
eAppendix for additional details; avail-
able at http://www.jama.com).

Secure web-based randomization was
performed using permuted blocks
stratified by clinical site. Time 0 was de-
fined as the time of randomization.
Treatment comparisons were per-
formed according to the intention-to-
treat principle and included all pa-
tients in the group to which they were
randomized and all follow-up informa-
tion that was available on each pa-
tient. Patients who withdrew consent
or were lost to follow-up were in-
cluded in the analysis with as much fol-
low-up (person-time) as was available
until they withdrew or were lost, in-
cluding any events that occurred prior
to their becoming lost or withdrawing
from the study. The log-rank test17 was
used for the statistical comparison of
treatment. Although patients could ex-
perience more than 1 component of the
primary and secondary end points, each
patient was counted only once in the
analysis using the time until the occur-
rence of their first event. All treatment
comparisons were performed using
2-sided significance tests.

Cumulative event rates were calcu-
lated according to the Kaplan-Meier
method.18 Relative risks were ex-
pressed as hazard ratios (HRs) with as-
sociated 95% confidence intervals and
were calculated using the Cox propor-
tional hazards model.19 The Cox model
was also used to assess the consis-
tency of treatment effects by testing for
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interactions between treatment and the
baseline characteristics prespecified for
subgroup analyses as detailed in the pre-
vious section. Continuous variables are
expressed as medians and interquar-
tile ranges (IQRs) unless otherwise
specified. Final statistical analyses were
performed using SAS software, ver-
sions 8.2 and 9.2 (SAS Institute Inc).

Over the prolonged duration of the
trial, the DSMB requested 11 interim
analyses of the data. Interim treatment
comparisons for the primary end point
were monitored with the use of 2-sided
symmetric O’Brien-Fleming–like bound-
aries generated with the Lan-DeMets $
spending function approach to group-
sequential testing.20,21 The monitoring
boundaries were based on an overall
$=.05. Because of the sequential moni-
toring, the level of significance re-
quired for the primary 2-sided analysis
at the completion of the study was
P%.036 (eTable 1).

The primary treatment comparisons
were performed without any imputa-
tion of outcomes in the patients for
whom we did not have complete fol-
low-up because of consent withdrawal
or loss to follow-up. However, to assess
the robustness of study findings, post hoc
sensitivity analyses were performed with
imputation of missing outcome data.
These analyses incorporated event rate
assumptions for withdrawn or lost pa-
tients in the placebo group that ranged
from 10% to 30%. The differential event
rate among withdrawn or lost patients
in the chelation group was varied from
10% lower, or slightly favorable to che-
lation, to 25% higher, or moderately un-
favorable to chelation. Using imputed
event data among the withdrawn/lost pa-
tients combined with the actual fol-
low-up data for all other patients, the
treatments were then compared with re-
spect to the primary end point. For each
different event rate scenario, multiple
replications (500) were performed and
the results averaged to obtain the HR and
confidence interval.

RESULTS
Between September 10, 2003, and
October 4, 2010, 1708 patients were

randomized, 839 patients to chela-
tion, and 869 patients to placebo.
The last infusion was administered
on September 3, 2011, and the last
follow-up visit completed on October
31, 2011. The median duration of
follow-up was 55 (IQR, 26-60)
months overall. Active treatment
patients were followed up for 56
(IQR, 28-60) months and placebo
patients were followed up for 53
(IQR, 24-60) months. The median
time from randomization to first
infusion was 8 (IQR, 6-12) days
overall (8 [IQR, 6-12] days in the
chelation group and 7 [IQR, 6-12)
days in the placebo group).

Baseline Characteristics
Baseline characteristics were similar
between treatment groups (TABLE 1).
The median age was 65 (IQR, 59-72)
years, 18% were women, 9% were
minority, and the median body mass
index was 30. The qualifying MI had
occurred a median of 4.6 (IQR, 1.6-
9.2) years prior to enrollment. The
study population had a high preva-
lence of diabetes (31%), prior coro-
nary revascularizations (83%), and
guideline-recommended medication
use of aspirin (84%), &-blockers
(72%), and statins (73%). Patients
had a median fasting glucose level of
102 (IQR, 92-121) mg/dL and a low-
density lipoprotein cholesterol
(LDL-C) level of 89 (IQR, 67-115)
mg/dL.

Treatment Adherence
Patients received a total of 55 222 in-
fusions. The median number of infu-
sions received was 40 (IQR, 30-40);
76% of patients completed at least 30
infusions and 65% completed all 40 in-
fusions, 30% discontinued study infu-
sions (n=233 [28%] in the chelation
group and n=281 [32%] in the pla-
cebo group), and 5% died or the study
ended before infusions could be com-
pleted (n=41 [5%] in the chelation
group and n=36 [4%] in the placebo
group). Fifteen percent discontinued in-
fusions (n=38 [16%] in the chelation
group and n=41 [15%] in the placebo

group) because of adverse events. The
most common reason for discontinu-
ation was patient refusal to continue
treatment. There were a total of 289 pa-
tients (17% of total; n=115 in the che-
lation group and n=174 in the placebo
group) who, during the course of the
trial, withdrew consent for continued
follow-up in the study. A plot of Kaplan-
Meier curves depicting the pattern of
consent withdrawals in the 2 random-
ized groups is presented in eFigure 1.
An additional 22 patients were lost to
follow-up (13 in the chelation group
and 9 in the placebo group). With an
average of approximately 3 years of fol-
low-up in these patients, the loss of in-
formation was less than the loss among
patients who withdrew consent (see
eFigure 2, eFigure 3, eTable 2, and
eTable 3 for additional details and
analyses).

Outcome Events
The Kaplan-Meier 5-year estimates for
the primary end point were 32.8% (95%
CI, 29.1%-36.5%) in the chelation
group and 38.5% (95% CI, 34.6%-
42.3%) in the placebo group (HR, 0.82;
95% CI, 0.69-0.99; P=.035) (FIGURE 2).
Although treatment comparisons of the
components of the primary end point
were not individually significant, point
estimates for the relative treatment ef-
fects (HRs from 0.72 to 0.81) were
larger than that for the primary end
point for all components except death
(HR, 0.93) (TABLE 2). Revasculariza-
tions accounted for 45% of primary end
point events; nonrevascularization
events accounted for the other 55%. The
composite of cardiovascular death, non-
fatal MI, or nonfatal stroke occurred in
96 chelation patients (11%) and 113
placebo patients (13%) (HR, 0.84; 95%
CI, 0.64-1.11; P=.22).

Subgroup Analyses
Prespecified tests for treatment by
covariate interactions (FIGURE 3)
indicated statistically greater benefit
in 2 subgroups: patients with prior
anterior MI and those with diabetes
(FIGURE 4). There was no significant
interaction between treatment and
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type of enrolling practice (chelation
site vs nonchelation, P=.28 for inter-
action) or between the high-dose oral
vitamins and chelation therapy in the
factorial design (P=.94 for interac-
tion) (eTable 4).

Adverse Effects and Safety
Four unexpected severe adverse
events occurred that were possibly or
definitely attributed to study therapy,
2 in the chelation group (1 death)
and 2 in the placebo group (1 death).
Heart failure was reported in 57 che-
lation patients (7%) and 71 placebo
patients (8%) (P = .28). There were
330 (0.60%) of 55 222 infusions
administered at least 30 minutes too
rapidly. Hypocalcemia, defined as
calcium level less than 8.5 mg/dL
prior to an infusion, was reported in
52 chelation patients (6.2%) and 30
placebo patients (3.5%) (P = .008).
One pat ient had hypocalcemia
associated with muscle cramping
that led to an emergency depart-
ment visit (see eTable 5, eTable 6, and
eTable 7 for a complete list of adverse
events).

Sensitivity Analyses
In a sensitivity analysis, we assessed
how the primary treatment compari-
son would be affected under a variety
of assumptions regarding the occur-
rence of primary end point events
among patients who withdrew con-
sent or were lost to follow-up. The
comparison of the 2 groups remained
significant at the P%.036 level if the
relative increase of events among the
withdrawn/lost patients in the active
group was as much as 20% higher
than in the placebo group and even
generally if the percentage of events
among withdrawn/lost patients in the
active group was 25% higher than in
the placebo group. The HRs for all of
these scenarios remained in the
range of 0.80 to 0.84, and the signifi-
cance of the treatment effect was
maintained, not only for the sce-
narios for the withdrawn or lost
patients that would be considered
most plausible but also for scenarios

Table 1. Baseline Characteristicsa

Characteristics EDTA Chelation (n = 839) Placebo (n = 869)
Age, median (IQR), y 65 (59-72) 66 (59-72)
Female 152 (18) 147 (17)
Race/ethnicity

White 790 (94) 815 (94)
Hispanic 22 (3) 29 (3)
Black/African American 29 (3) 31 (4)
Asian 10 (1) 18 (2)
American Indian/Alaska Native 11 (1) 6 (1)
Native Hawaiian or other Pacific Islander 3 (0.4) 3 (0.3)

Body mass index, median (IQR)b 30 (27-34) 30 (27-34)
Blood pressure, median (IQR), mm Hg

Systolic 130 (120-140) 130 (120-140)
Diastolic 76 (70-80) 76 (70-80)

History
Hypercholesterolemia 676 (82) 694 (81)
Hypertension 568 (68) 601 (69)
Former cigarette smoker 467 (56) 488 (56)
Angina pectoris 461 (55) 465 (54)
Anterior MI 337 (40) 337 (39)
Diabetes 265 (32) 273 (31)
Congestive heart failure 154 (18) 153 (18)
Peripheral vascular disease 126 (15) 142 (16)
Valvular heart disease 92 (11) 83 (10)
Atrial fibrillation 85 (10) 110 (13)
Stroke 57 (7) 54 (6)
Time from qualifying MI to randomization, median (IQR), y 4.3 (1.8-9.1) 4.8 (1.5-9.5)

Current NYHA heart failure class
No heart failure or class I 764 (91) 795 (91)
Class II 63 (8) 59 (7)
Class III 12 (1) 15 (2)

Coronary revascularizations
Either CABG or PCI 694 (83) 720 (83)
PCI 491 (59) 516 (59)
CABG 384 (46) 390 (45)

Concomitant medications
Aspirin, warfarin, or clopidogrel 768 (92) 784 (90)
Aspirinc 717 (85) 710 (82)
&-Blocker 611 (73) 615 (71)
Statin 615 (73) 633 (73)
ACE inhibitor or ARB 525 (63) 559 (64)
Clopidogrel 212 (26) 213 (25)
Warfarin 73 (9) 75 (9)
Diabetes medication

Oral hypoglycemic 191 (24) 189 (23)
Insulin 73 (9) 87 (10)

Multivitamin 356 (44) 359 (43)
Other vitamins/minerals 428 (52) 424 (50)
Herbal products 281 (34) 279 (34)

Laboratory measurements, median (IQR), mg/dL
Total cholesterol 164 (139-192) 166 (143-198)
Triglycerides 135 (94-199) 147 (99-208)
Glucose 103 (92-121) 102 (92-121)
LDL-C 87 (66-112) 90 (68-117)
HDL-C 43 (36-52) 43 (36-50)
Creatininec 1.06 (0.9-1.2) 1.10 (0.9-1.2)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary artery bypass
graft surgery; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein cho-
lesterol; MI, myocardial infarction; NYHA, New York Heart Association; PCI, percutaneous coronary intervention.

SI conversions: To convert total cholesterol, LDL-C, and HDL-C to mmol/L, multiply by 0.0259; to convert triglycerides to
mmol/L, multiply by 0.0154; to convert glucose to mmol/L, multiply by 0.0167; and to convert creatinine to "mol/L, mul-
tiply by 88.4.

aData are expressed as No. (%) unless otherwise indicated.
bBody mass index is calculated as weight in kilograms divided by height in meters squared.
cP% .05. There were no other statistically significant differences between groups.

DISODIUM EDTA CHELATION IN PATIENTS WITH PREVIOUS MI

©2013 American Medical Association. All rights reserved. JAMA, March 27, 2013—Vol 309, No. 12 1245

Downloaded From: http://jama.jamanetwork.com/ on 03/27/2013



that were unfavorable to EDTA che-
lation (eTable 8).

COMMENT
TACT is the first randomized trial, to
our knowledge, designed and pow-
ered to evaluate the effects of an EDTA-
based chelation regimen on clinical out-
comes in patients with coronary disease.
The trial randomized 1708 patients, ad-
ministered more than 55 000 double-
blind infusions, and accrued more than
6200 patient-years of follow-up expe-
rience. These data showed that among
patients with a prior MI, a chelation
regimen of 40 infusions of disodium
EDTA, ascorbate, B vitamins, and other
components resulted in a modest re-

duction in a composite outcome of car-
diovascular events. The treatment ef-
fect persisted over the 5-year follow-up
period without evident attenuation.
There was no interaction of infusion
therapy with the treatment assign-
ment for the oral vitamin regimen. The
study was not designed to ascertain
mechanism of action or to identify
which of the components of the infu-
sions were responsible for the treat-
ment effect observed.

The effect of EDTA chelation on the
nonfatal components of the primary end
point was quantitatively consistent with
its overall effect. The most frequently
occurring component was coronary re-
vascularization. We saw no statisti-

cally significant treatment effect on all-
cause mortality, but the trial had low
statistical power for this evaluation.
Likewise, the study was underpow-
ered to detect a difference between
groups for the secondary end point of
cardiovascular death, MI, or stroke
(P=.22). These results were observed
against the background of modern evi-
dence-based post-MI therapy given to
the study patients: 83% had under-
gone revascularization with either coro-
nary artery bypass grafting or percuta-
neous intervention, 84% were taking
aspirin, 26% were taking clopidogrel,
72% were taking &-adrenergic block-
ers, and 73% were taking statins, with
a median LDL-C level of 89 (IQR, 67-
115) mg/dL.

Although the relative reduction in
cardiovascular events (18%) was
smaller than the effect hypothesized in
the study design (25%), no prior effec-
tiveness data were available with which
to estimate the effect size. A 25% rela-
tive reduction in the event rate is
included in the 95% CI around the mea-
sured treatment effect (HR, 0.69-
0.99). Furthermore, an 18% relative
treatment effect is within the range of
effects that have been considered clini-
cally important in prior trials, such as
the use of clopidogrel for patients with
acute coronary syndromes.22

Two prespecified subgroups ap-
peared to receive particular benefit of
therapy. Patients with diabetes had a re-
duction in risk (HR, 0.61; 95% CI, 0.45-
0.83), and patients with anterior MI, as
localized by site investigators, also had
a reduction in risk of cardiovascular
events (HR, 0.63; 95% CI, 0.47-0.86).
Both of these subgroups were prespeci-
fied based on representing important
high-risk subsets of patients but not be-
cause there was any specific biologic
reason for suspecting that chelation
would be uniquely beneficial for these
patients. Whether the partitioning of
treatment benefit evident in these sub-
groups will be replicable should be the
subject of future investigation. Thus, at
present our understanding of the sig-
nificance of these subgroup findings is
incomplete.

Figure 2. Kaplan-Meier Estimates of the Primary Composite End Point, EDTA Chelation
Therapy vs Placebo
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HR indicates hazard ratio. The primary end point was a composite of death from any cause, reinfarction, stroke,
coronary revascularization, or hospitalization for angina.

Table 2. Clinical End Pointsa

End Points

No. (%)

Hazard Ratio
(95% CI) P Value

EDTA
Chelation
(n = 839)

Placebo
(n = 869)

Primary end point 222 (26) 261 (30) 0.82 (0.69-0.99) .035
Death 87 (10) 93 (11) 0.93 (0.70-1.25) .64
Myocardial infarction 52 (6) 67 (8) 0.77 (0.54-1.11) .17
Stroke 10 (1) 13 (1) 0.77 (0.34-1.76) .53
Coronary revascularization 130 (15) 157 (18) 0.81 (0.64-1.02) .08
Hospitalization for angina 13 (2) 18 (2) 0.72 (0.35-1.47) .36

Secondary end point 96 (11) 113 (13) 0.84 (0.64-1.11) .22
Cardiovascular death 50 (6) 51 (6) 0.98 (0.67-1.45) .94

aThe percentages in each case are based on the number of patients experiencing the event at any time during fol-
low-up (not first events) divided by the number of patients randomized. Primary end point=first occurrence of death
from any cause, myocardial infarction, stroke, or hospitalization for unstable angina. Secondary end point=first oc-
currence of death from a cardiovascular cause, myocardial infarction, or stroke.

DISODIUM EDTA CHELATION IN PATIENTS WITH PREVIOUS MI

1246 JAMA, March 27, 2013—Vol 309, No. 12 ©2013 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 03/27/2013



TACT is unique from a historical
perspective. Chelation therapy with
disodium EDTA has been in use to
treat atherosclerotic disease for more
than 50 years.23-26 By 2007, the use of
chelation had expanded in the United
States to 111 000 adults, exposing this
large group of patients to uncertain risks
for unproven benefits. However, the
prevalence of use of chelation therapy
for atherosclerotic disease is not well
documented.

The Centers for Disease Control
and Prevention have reported deaths
from misuse of EDTA chelation. In a
June 2008 Federal Register notice, the
FDA informed the public that edetate
disodium was being withdrawn from
the market27 Mainstream medical
practitioners in general have been
highly skeptical that chelation
therapy provides any clinical benefit.
The most recent American College of

Physicians/American College of
Cardiology/American Heart Associa-
tion guideline for the management of
stable ischemic heart disease gives
chelation therapy a class III recom-
mendation (not useful/effective and
may be harmful).28 Disodium EDTA
remains available through com-
pounding pharmacies. Patients con-
tinue seeking out and receiving
EDTA chelation therapy, and chela-
tion practitioners continue to recom-
mend this therapy. It is in the con-
text of this half-century controversy
that we carried out and now report
TACT.

The interpretation of TACT is
made more difficult by the absence of
supporting research identifying the
most plausible mechanism(s) of
action. Although TACT was not a
mechanistic study, the data obtained
do allow some cautious conjectures

regarding potential mechanisms mer-
iting future investigation. Two, in
particular, can be mentioned. Heavy
metal exposure, particularly to lead,
has been recognized as a risk for MI
and stroke.29,30 The association of
heavy metal pollutants with cardio-
vascular events extends to antimony,
cadmium, cobalt, and tungsten.31 The
continued separation of the Kaplan-
Meier curves for chelation and pla-
cebo, after the infusions stop in year
2, might lend support to a hypothesis
that removal of heavy metals has
benefit beyond the active infusion
phase.

Endothelial dysfunction is gener-
ally accepted as a common pathogenic
abnormality in patients with athero-
sclerotic vascular disease. Improve-
ment in endothelial function is a
frequent finding with efficacious car-
diovascular therapies. Disodium EDTA

Figure 3. Subgroup Analysis of the Primary Composite End Point, EDTA Chelation Therapy vs Placebo
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67 102 265 273Yes 0.61 (0.45-0.83)
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144 160 534 555Yes 0.89 (0.71-1.12)
78 101 305 314No 0.72 (0.53-0.97) .28

Time from myocardial
infarction to enrollment, y

67 83 236 258<2 0.85 (0.62-1.17)
48 41 216 1842-<5 0.93 (0.61-1.41)

107 137 386 427≥5 0.80 (0.62-1.03)
.87

0.3 1

Hazard Ratio (95% CI)
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The primary end point was a composite of death from any cause, reinfarction, stroke, coronary revascularization, or hospitalization for angina.
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does not apparently show this effect.32

The chelation infusions, however, also
contained 7 g of ascorbate, a vitamin
that improves endothelium-depen-
dent vasodilation.33,34 Yet clinical trials
of oral antioxidant vitamins have been
negative.35,36

Our use of repetitive intravenous in-
fusions would have led to higher
ascorbate blood levels than that of
any oral regimen previously studied
in cardiovascular clinical trials.37

Thus, it is possible that improved
endothelial function might account
for some of the modest benefit
observed. Oxidative LDL-C modifica-
tion facilitated by transition metals is
an interesting potential mechanism
for the association of atherosclerosis
with heavy metals. Transition metals

are thought to promote LDL-C oxi-
dat ion, whi le ant ioxidants are
thought to retard it.38 Thus, a combi-
nation of EDTA and ascorbate might
lead to a beneficial effect on oxidized
LDL-C.

Study Limitations
This study has several limitations.
First, the necessity of using a com-
posite end point as the primary out-
come event in a clinical trial creates
some unavoidable uncertainties
about the actual treatment benefit
because study power is insufficient to
show an effect on any individual end
point and the components are not all
considered of equal clinical impor-
tance. In TACT, coronary revascular-
izations were the most frequently

observed end point events. Revascu-
larization events are considered
“softer” because of the necessary ele-
ment of physician decision making
involved in the event, but such
events are nonetheless commonly
used in composite end points in
cardiovascular trials. In TACT, the
revascularization events were verified
by staff masked to patient treatment
assignment. The consistency of rela-
tive treatment effect on all individual
nonfatal components of the primary
end point provides some reassurance
that the observed chelation benefits
were not seen only because of some
extratherapeutic effect on revascular-
ization decisions.

Second, an unusually high number
of patients in TACT withdrew con-

Figure 4. Kaplan-Meier Estimates of the Primary Composite End Point for the Diabetes and Anterior MI Subgroups, EDTA Chelation Therapy
vs Placebo
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HR indicates hazard ratio; MI, myocardial infarction. The primary end point was a composite of death from any cause, reinfarction, stroke, coronary revascularization,
or hospitalization for angina.
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sent, leading to some lost data. How-
ever, all patients had, with appropri-
a te ins t i tut ional rev iew board
approval to do so, their National
Death Index status checked at the
end of the study, and some patients
withdrew after having a primary end
point event. Post hoc sensitivity
analyses with imputations for miss-
ing data, included in eTable 8, are
consistent with our prespecified
analyses.

Third, unblinding is a possible
explanation for the observation that
placebo patients were more likely to
discontinue therapy, withdraw con-
sent, or be lost to follow-up than che-
lation patients. Widespread unblind-
ing of study patients is unlikely,
however. There is no evidence from a
review of adverse effects that patients
perceived a difference between a
saline infusion and a chelation infu-
sion. Blinding of coordinators was
maintained by the techniques devel-
oped to reproduce the viscosity and
mask the color of the vitamin C
syringes. In addition, there was no
heterogeneity in the effect of chelation
therapy based on whether a patient
was enrolled and followed up at a
chelation site or a conventional cardi-
ology site. The imputations performed
(eTable 8) support a modest benefit of
chelation therapy.

Fourth, the study was initiated with-
out a well-established hypothesis for the
mechanism(s) of benefit, and this lim-
its our ability to understand and use the
results.

Fifth, the 40-infusion chelation regi-
men tested in TACT is not easy for pa-
tients to receive (each infusion takes
about 3 hours and the first 30 infu-
sions are administered at weekly
intervals).

Finally, one trial, no matter how
large or well conducted, cannot
answer all the questions needed to
transform a novel hypothesis into a
clinical treatment that merits guide-
line endorsement. Moreover, as the
first trial of a chelation regimen in
this patient population, the possibil-
ity that the results represent chance

findings must be considered, espe-
cially in light of the narrow differ-
ence between the significance level
calculated and that prespecified for
the analysis. Accordingly, the results
of this study should be viewed as an
important but single step on the long
path toward better understanding the
pathophysiologic and therapeutic
implications of chelation therapy but
do not provide evidence to support
its routine use in clinical practice.

CONCLUSION
In stable patients with a history of
MI, the use of an intravenous chela-
tion regimen with disodium EDTA,
compared with placebo, modestly
reduced the risk of a composite of
adverse cardiovascular outcomes,
many of which were revascularization
procedures. These results provide evi-
dence to guide further research but
are not sufficient to support the
routine use of chelation therapy for
treatment of patients who have had
an MI.

Author Affiliations: Division of Cardiology, Colum-
bia University at Mount Sinai Medical Center, Miami
Beach, Florida (Dr Lamas); Palmer Center for Chiro-
practic Research, Davenport, Iowa (Dr Goertz); Na-
tional Heart, Lung, and Blood Institute (Dr Boineau)
and National Center for Complementary and Alter-
native Medicine (Dr Nahin), Bethesda, Maryland; Duke
Clinical Research Institute, Durham, North Carolina (Drs
Mark and Lee and Ms Lindblad); Biogenesis Medical
Center, Landrum, South Carolina (Dr Rozema);
Brigham and Women’s Hospital and Harvard Medi-
cal School, Boston, Massachusetts (Dr Lewis); and In-
tegrative Medicine, University of Kansas Medical Cen-
ter, Kansas City (Dr Drisko).
Author Contributions: Dr Lamas had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.
Study concept and design: Lamas, Goertz, Boineau,
Mark, Rozema, Nahin, Drisko, Lee.
Acquisition of data: Lamas, Rozema, Lewis, Drisko,
Lee.
Analysis and interpretation of data: Lamas, Goertz,
Boineau, Mark, Nahin, Lindblad, Lewis, Drisko, Lee.
Drafting of the manuscript: Lamas, Goertz, Boineau,
Mark, Lindblad, Drisko, Lee.
Critical revision of the manuscript for important in-
tellectual content: Lamas, Boineau, Mark, Rozema,
Nahin, Lewis, Drisko, Lee.
Statistical analysis: Lamas, Lindblad, Lee.
Obtained funding: Lamas, Boineau, Mark, Lee.
Administrative, technical, or material support: Lamas,
Boineau, Mark, Rozema, Nahin, Lewis, Drisko, Lee.
Study supervision: Lamas, Boineau, Mark, Nahin,
Lewis, Lee.
Conflict of Interest Disclosures: All authors have com-
pleted and submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest. Dr Lamas reports that
from 2000 to 2003 he served as a consultant to

OmniComm, the electronic data capture company used
in the trial. No funds were received and all relation-
ships were severed as of September 10, 2003. No other
disclosures were reported.
Funding/Support: The NCCAM (grant U01AT001156)
and the NHLBI (grant U01HL092607) provided sole
support for this study.
Role of the Sponsor: Robin Boineau, MD, NHLBI,
Richard Nahin, PhD, NCCAM, Mario Stylianou, PhD,
NHLBI, and Yves Rosenberg, MD, NHLBI, respec-
tively, were involved as part of the NIH Cooperative
Agreement process, in the design and conduct of the
study; collection, management, analysis, and inter-
pretation of the data; and preparation, review, or ap-
proval of the manuscript.
Disclaimer: The contents of this article are solely the
responsibility of the authors and do not necessarily rep-
resent the official views of the NHLBI, the NCCAM,
or the National Institutes of Health.
Online-Only Material: The Author Video Interview,
eAppendix, 3 eFigures, and 8 eTables are available at
http://www.jama.com.
Additional Contributions: We gratefully acknowl-
edge the scientific contributions and support of Yves
Rosenberg, MD, and Mario Stylianou, PhD, NHLBI;
the organizational skills of Ana Mon, MPH, clinical
coordinating center at Mt Sinai Medical Center; Al-
yssa Cotler, NCCAM, Susan Dambrauskas (formerly
NHLBI), and Vivian Thompson, DCRI, for their
competent professional assistance; and the Florida
Heart Research Institute for supporting the pilot study.
The above mentioned contributors received no
compensation for their work other than their usual
salary.

REFERENCES

1. Bessman SP, Ried H, Rubin M. Treatment of lead
encephalopathy with calcium disodium versenate; re-
port of a case. Med Ann Dist Columbia. 1952;
21(6):312-315.
2. Clarke NE, Clarke CN, Mosher RE. The in vivo dis-
solution of metastatic calcium; an approach to
atherosclerosis. Am J Med Sci. 1955;229(2):142-
149.
3. Clarke CN, Clarke NE, Mosher RE. Treatment of
angina pectoris with disodium ethylene diamine tet-
raacetic acid. Am J Med Sci. 1956;232(6):654-
666.
4. Casdorph HR. EDTA chelation therapy: efficacy in
arteriosclerotic heart disease. J Holistic Med. 1981;
3:53.
5. Grier MT, Meyers DG. So much writing, so little
science: a review of 37 years of literature on edetate
sodium chelation therapy. Ann Pharmacother. 1993;
27(12):1504-1509.
6. Rudolph CJ, McDonagh EW, Barber RK. A non-
surgical approach to obstructive carotid stenosis using
EDTA chelation. J Adv Med. 1991;4:157-166.
7. Cranton EM, ed. A Textbook on EDTA Chelation
Therapy. Newburyport, MA: Hampton Roads Pub-
lishing; 2001;2:503-539.
8. Rudolph CJ, McDonagh EW, Barber RK. Effect of
EDTA chelation on serum iron. J Adv Med. 1991;
4:39-45.
9. Barnes PM, Bloom B, Nahin RL. Complementary
and alternative medicine use among adults and chil-
dren: United States, 2007 Natl Health Stat Report.
2008;(12):1-23.
10. Guldager B, Jelnes R, Jørgensen SJ, et al. EDTA
treatment of intermittent claudication—a double-
blind, placebo-controlled study. J Intern Med. 1992;
231(3):261-267.
11. van Rij AM, Solomon C, Packer SG, Hopkins WG.
Chelation therapy for intermittent claudication: a
double-blind, randomized, controlled trial. Circulation.
1994;90(3):1194-1199.
12. Knudtson ML, Wyse DG, Galbraith PD, et al; Pro-

DISODIUM EDTA CHELATION IN PATIENTS WITH PREVIOUS MI

©2013 American Medical Association. All rights reserved. JAMA, March 27, 2013—Vol 309, No. 12 1249

Downloaded From: http://jama.jamanetwork.com/ on 03/27/2013



gram to Assess Alternative Treatment Strategies to
Achieve Cardiac Health Investigators. Chelation therapy
for ischemic heart disease: a randomized controlled
trial. JAMA. 2002;287(4):481-486.
13. American Heart Association. Questions and An-
swers About Chelation Therapy. Dallas, TX: Ameri-
can Heart Association; 2000.
14. Centers for Disease Control and Prevention. Deaths
associated with hypocalcemia from chelation
therapy—Texas, Pennsylvania, and Oregon,
2003-2005. MMWR Morb Mortal Wkly Rep. 2006;
55(8):204-207.
15. Lamas GA, Goertz C, Boineau R, et al. Design
of the Trial to Assess Chelation Therapy (TACT). Am
Heart J. 2012;163(1):7-12.
16. Rozema TC. Special issue: protocols for chela-
tion therapy. J Adv Med. 1997;10:5-100.
17. Kalbfleisch JD, Prentice RL. The Statistical Analy-
sis of Failure Time Data. 2nd ed. New York, NY: John
Wiley & Sons Inc; 2002.
18. Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. J Am Stat Assoc. 1958;
53:457-481.
19. Cox DR. Regression models and life-tables (with
discussion). J R Stat Soc B. 1972;34:187-220.
20. O’Brien PC, Fleming TR. A multiple testing pro-
cedure for clinical trials. Biometrics. 1979;35(3):
549-556.
21. Lan KKG, DeMets DL. Discrete sequential bound-
aries for clinical trials. Biometrika. 1983;70:659-
663.
22. Yusuf S, Zhao F, Mehta SR, Chrolavicius S,
Tognoni G, Fox KK; Clopidogrel in Unstable Angina
to Prevent Recurrent Events Trial Investigators.
Effects of clopidogrel in addition to aspirin in
patients with acute coronary syndromes without

ST-segment elevation. N Engl J Med. 2001;345
(7):494-502.
23. Kitchell JR, Palmon F Jr, Aytan N, Meltzer LE. The
treatment of coronary artery disease with disodium
EDTA: a reappraisal. Am J Cardiol. 1963;11:501-
506.
24. Lamar CP. Chelation endarterectomy for occlu-
sive atherosclerosis. J Am Geriatr Soc. 1966;14
(3):272-294.
25. Casdorph HR, Farr CH. EDTA chelation therapy
III: treatment of peripheral arterial occlusion, an al-
ternative to amputation. J Holistic Med. 1983;
5:3.
26. Olszewer E, Carter JP. EDTA chelation therapy in
chronic degenerative disease. Med Hypotheses. 1988;
27(1):41-49.
27. US Food and Drug Administration. Public Health
Advisory: edetate disodium (marketed as endrate and
generic products). http://www.fda.gov/OHRMS
/DOCKETS/98fr/E8-13273.htm. Accessed February
22, 2013.
28. Qaseem A, Fihn SD, Dallas P, et al. Manage-
ment of stable ischemic heart disease: summary
of a clinical practice guideline from the American
College of Physicians, American College of Cardiol-
ogy Foundation/American Heart Association/
American Association for Thoracic Surgery/
Preventive Cardiovascular Nurses Association/
Society of Thoracic Surgeons. Ann Intern Med. 2012;
157(10):735-743.
29. Menke A, Muntner P, Batuman VV, Silbergeld
EK, Guallar E. Blood lead below 0.48 "mol/L (10 "g/
dL) and mortality among US adults. Circulation. 2006;
114(13):1388-1394.
30. Weisskopf MG, Jain N, Nie H, et al. A prospec-
tive study of bone lead concentration and death from

all causes, cardiovascular diseases, and cancer in the
Department of Veterans Affairs Normative Aging
Study. Circulation. 2009;120(12):1056-1064.
31. Agarwal S, Zaman T, Tuzcu EM, Kapadia SR. Heavy
metals and cardiovascular disease: results from the Na-
tional Health and Nutrition Examination Survey
(NHANES) 1999-2006. Angiology. 2011;62(5):
422-429.
32. Anderson TJ, Hubacek J, Wyse DG, Knudtson ML.
Effect of chelation therapy on endothelial function in
patients with coronary artery disease: PATCH substudy.
J Am Coll Cardiol. 2003;41(3):420-425.
33. Plantinga Y, Ghiadoni L, Magagna A, et al. Supple-
mentation with vitamins C and E improves arterial
stiffness and endothelial function in essential hyper-
tensive patients. Am J Hypertens. 2007;20(4):
392-397.
34. Levine GN, Frei B, Koulouris SN, Gerhard MD,
Keaney JF Jr, Vita JA. Ascorbic acid reverses endo-
thelial vasomotor dysfunction in patients with coro-
nary artery disease. Circulation. 1996;93(6):1107-
1113.
35. Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG,
Gluud C. Mortality in randomized trials of antioxi-
dant supplements for primary and secondary preven-
tion: systematic review and meta-analysis. JAMA. 2007;
297(8):842-857.
36. Sesso HD, Christen WG, Bubes V, et al. Multivi-
tamins in the prevention of cardiovascular disease in
men: the Physicians’ Health Study II randomized con-
trolled trial. JAMA. 2012;308(17):1751-1760.
37. Padayatty SJ, Sun H, Wang Y, et al. Vitamin C
pharmacokinetics: implications for oral and intrave-
nous use. Ann Intern Med. 2004;140(7):533-537.
38. Yoshida H, Kisugi R. Mechanisms of LDL oxidation.
Clin Chim Acta. 2010;411(23-24):1875-1882.

DISODIUM EDTA CHELATION IN PATIENTS WITH PREVIOUS MI

1250 JAMA, March 27, 2013—Vol 309, No. 12 ©2013 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 03/27/2013


