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and the Unexpected Beneﬁts of
Chelation Therapy
Gervasio A. Lamas, MD,a Ana Navas-Acien, MD, PHD,b Daniel B. Mark, MD, MPH,c Kerry L. Lee, PHDc

ABSTRACT
This review summarizes evidence from 2 lines of research previously thought to be unrelated: the unexpectedly positive
results of TACT (Trial to Assess Chelation Therapy), and a body of epidemiological data showing that accumulation of
biologically active metals, such as lead and cadmium, is an important risk factor for cardiovascular disease. Considering
these 2 areas of work together may lead to the identiﬁcation of new, modiﬁable risk factors for atherosclerotic cardiovascular disease. We examine the history of chelation up through the report of TACT. We then describe work connecting
higher metal levels in the body with the future risk of cardiovascular disease. We conclude by presenting a brief overview of
a newly planned National Institutes of Health trial, TACT2, in which we will attempt to replicate the ﬁndings of TACT and to
establish that removal of toxic metal stores from the body is a plausible mechanistic explanation for the beneﬁts of edetate
disodium treatment. (J Am Coll Cardiol 2016;67:2411–8) © 2016 by the American College of Cardiology Foundation.

O

n November 4, 2012, the TACT (Trial to

the unjustiﬁed assertions of those in the alternative

Assess Chelation Therapy) investigators re-

medicine community who promoted its use. The

ported publicly the ﬁrst large, randomized,

skeptical reactions to the positive TACT results were

placebo-controlled trial evidence that edetate diso-

mostly focused in 2 areas: 1) technical issues

dium (disodium ethylenediaminetetraacetic acid)

regarding blinding, high dropout rates, differential

chelation

cardiac

follow-up, and other trial conduct issues; and 2) the

events in stable post–myocardial infarction (MI) pa-

lack of a plausible mechanism by which ethylenedia-

tients. These results were so unexpected that many

minetetraacetic

in the cardiology community greeted the report

observed beneﬁt. The former issues were addressed

initially with either skepticism (it is probably wrong)

at length in the primary TACT publication in 2013

or outright disbelief (it is deﬁnitely wrong) (1). The

and in its online appendix (2). The most important

TACT

the

issue centered on a 17% consent withdrawal rate.

announcement of its funding in 2002. The primary

Consent withdrawal, however, was more likely in

justiﬁcation used by the National Center for Comple-

the placebo patients, thus preventing attribution of

mentary and Alternative Medicine and the National

more events in the placebo group than in the chela-

Heart, Lung, and Blood Institute for the study was

tion group. This introduced a conservative bias, likely

that it was being conducted to prove that chelation

reducing the observed effect size of the active treat-

did not work, so that the many patients who sought

ment. The latter criticism, lack of mechanism, re-

out this therapy every year would be armed against

ﬂected a prevalent confusion in medicine about the

therapy

trial

had

signiﬁcantly

been

reduced

controversial

since

acid

chelation

could
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ABBREVIATIONS

roles

and

synthetic chelating agent ﬁrst synthesized in Ger-

AND ACRONYMS

related theories in our understanding of ther-

many in the 1930s, has up to 6 binding sites with

apeutic effectiveness. For any set of experi-

which to hold and envelop metal ions (4).

MI = myocardial infarction
NHANES = National Health and
Nutrition Examination Survey

multivitamins and minerals

pathophysiological

models

mental observations (including clinical trial

The medical utility of edetate disodium was only

results), many “explanatory” pathophysio-

discovered after some trial and error. After World War

logical models can be proposed to ﬁt the

II, the U.S. Navy discovered that edetate disodium was

known facts. Thus, mature pathophysiolog-

effective in treating lead poisoning in naval shipyard

ical models deﬁning therapeutic mechanisms

workers using lead-based paint (5). The ﬁrst paper on

are not necessary to demonstrate that a ther-

the use of intravenous infusions of edetate disodium

apy is effective. Furthermore, the history of medicine

to treat atherosclerotic heart disease, published in

is replete with examples where unexpected ﬁndings

1956 by Clarke et al. (6), reported improvement in 19 of

led to both novel therapeutic discoveries and previ-

20 patients with angina. The authors noted the

ously unsuspected mechanisms (3). Thalidomide

delayed onset of therapeutic effect, requiring about 20

and sildenaﬁl are 2 well-known examples where cur-

infusions before clinical effects became evident. At

rent clinical utility was discovered essentially by acci-

that time, there were no effective treatments for cor-

dent. We believe that edetate disodium chelation

onary disease. Physicians did not uniformly view

NNT = number needed to treat
OMVM = active oral

of

therapy for atherosclerotic disease may provide

cigarette smoking as atherogenic (7). Aspirin, statins,

another example of this phenomenon.

and revascularization had not been developed as car-

We brieﬂy summarize evidence from 2 previously

diovascular therapies. Autopsied hearts from that era

unrelated lines of research: the unexpectedly positive

demonstrated coronary arteries that were often pro-

results of the TACT trial, and a body of epidemiolog-

foundly calciﬁed. This had given Clarke et al. (6) the

ical data showing that accumulation of biologically

idea that perhaps edetate disodium was acting to

active metals, such as lead and cadmium, is an

decalcify coronary obstructions and thereby relieve

important risk factor for cardiovascular disease.

angina. Subsequent investigations in the 1960s by a

We believe that considering these 2 areas of work

different group in another small cohort found more

together may lead to the identiﬁcation of a major

mixed results (8). Some patients still showed the

new modiﬁable risk factor for atherosclerotic car-

delayed symptomatic improvement reported earlier,

diovascular disease. We start by reviewing the his-

but the durability of the effect seemed quite variable

tory of chelation up through the report of TACT. We

(in the context of no risk factor control), and the in-

then describe work connecting higher metal levels

vestigators felt that the prognosis of the patients in

in the body with the future risk of cardiovascular

this small case series had not been affected. The

disease. We conclude by presenting a brief overview

therapy was ultimately considered “not useful” and

of a newly funded National Institutes of Health

conventional medicine lost interest (9). Yet, edetate

trial, TACT2, in which we will attempt to replicate

chelation for atherosclerosis did not vanish.

the ﬁndings of TACT and establish that removal of

Over the subsequent years, chelation and alterna-

toxic metal stores from the body is a plausible

tive medicine physicians implemented clinical pro-

mechanistic explanation for the beneﬁts of edetate

tocols for safer use of edetate disodium, principally

disodium treatment.

restricting the dose and infusion rates (10). In the
1980s and 1990s, alternative medicine journals pub-

BRIEF HISTORY OF CHELATION

lished case reports and case series, mostly reporting
spectacular results in treating cardiovascular disease

Metal ions that enter the body from the environment

(11). Patients continued to seek and physicians

can bind to many of the molecules in body tissues,

continued to administer edetate disodium for various

including proteins and polysaccharides. Furthermore,

indications, including atherosclerotic heart disease

many of these metals are biologically active, partici-

(12). Within traditional cardiology, there were 3 small

pating in a variety of different physiological and

trials performed to assess whether edetate disodium

pathophysiological

reactions.

Chelation,

in

the

treatments led to relief of angina or claudication (13–

context of medical therapeutics, is a process in which

15). Although nominally negative, these trials were

the organic chelator molecules are introduced into

too small to exclude a small or even moderate-sized

the blood, where they bind the target metal ions with

beneﬁt in

high afﬁnity. The complex of chelator and metal ion

atherosclerotic cardiovascular disease (16).

clinical

endpoints

for

patients with

remains in the blood compartment until ﬁltered by

In 2001, the National Center for Complementary

the kidneys or excreted by the liver, thus removing

and Alternative Medicine, with cofunding from the

the metal ions from the body. Edetate disodium, a

National Heart, Lung, and Blood Institute, released a
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request for applications for a clinical trial of edetate

55,222 placebo or active infusions were administered.

disodium chelation in cardiovascular disease. The

At least 30 infusions were completed by 76% of pa-

resulting trial, TACT, was funded in August 2002.

tients, and 65% completed all 40 infusions. Subjects

Because of the expectation that TACT would be a

were followed for a median of 55 months.

debunking study, it was designed as a clinical trial

Edetate chelation reduced the primary composite
endpoint by 18% (hazard ratio [HR]: 0.82; 95% conﬁ-

without a mechanistic component.

dence interval [CI]: 0.69 to 0.99; p ¼ 0.035); the

DESIGN AND RESULTS OF TACT

number needed to treat (NNT) to prevent 1 event over
5 years of follow-up was 18 (Figure 1). One intriguing

The request for applications called for testing the

ﬁnding was that the event curves for edetate and

most prevalent chelation solution and treatment

placebo continued to diverge even after the infusions

strategy. In 2002, clinical chelation practice most

were completed, suggesting that edetate was altering

commonly involved multiple administrations of an

the risk for future cardiovascular events in structural

edetate disodium-based infusion that contained

ways that did not depend on continued exposure to

other components, including vitamin C, B vitamins,

the therapeutic agent. The comparison of 2 factorial

heparin, electrolytes, and procaine. In addition,

groups, chelation þ OMVM versus placebo þ placebo

chelating physicians also recommended high doses of

demonstrated an even larger difference between

oral antioxidant vitamins and minerals to be taken

groups (HR: 0.74; 95% CI: 0.57 to 0.95; p ¼ 0.016),

concurrently with the intravenous chelation treat-

with an NNT to prevent 1 event over 5 years of follow-

ments. Therefore, a factorial design was selected for

up of 12 (HR: 0.74; 95% CI: 0.57 to 0.95; p ¼ 0.016).

TACT, in which eligible patients were randomly

With regard to safety, the masked medical monitor

assigned to 1 of 4 groups (17).

attributed 2 deaths to study therapy: 1 was in the

1. Active intravenous (IV) chelation infusions þ
active oral multivitamins and minerals (OMVM)
2. Active IV chelation infusions þ placebo OMVM
3. Placebo IV chelation infusions þ active OMVM
4. Placebo IV chelation infusions þ placebo OMVM

chelation group, and 1 in placebo.

RESULTS IN PATIENTS WITH DIABETES
A total of 633 TACT participants (37%) had diabetes, a
pre-speciﬁed subgroup. Diabetes was pre-speciﬁed

Eligible patients were at least 50 years of age,

because it confers increased risk for cardiovascular

had sustained an acute MI >6 weeks before the

events, and not due to any information available to

enrollment date, and had a serum creatinine level
#2.0 mg/dl.
The treatment regimen consisted of 40 chelation or

F I G U R E 1 Primary Endpoint in the Overall Patient Population

placebo-based infusions administered as 30 weekly

0.5

infusions, followed by 10 additional maintenance in-

EDTA:Placebo

fusions, 2 to 8 weeks apart. OMVM were to be taken

Hazard Ratio

95% CI

P-value (log-rank)

0.82

0.69, 0.99

0.035

0.4

daily throughout the duration of the trial. The
Event Rate

primary endpoint for the study was a composite of
all-cause mortality, MI, stroke, coronary revascularization, or hospitalization for angina. The major
secondary endpoint was cardiovascular mortality,

0.3

0.2

stroke, or recurrent MI.
TACT enrolled 1,708 participants (839 in the che-

0.1
Placebo
EDTA Chelation

lation treatment group and 869 in the chelation placebo group) at 134 sites in the United States and

0.0

Canada. Study patients had a median age of 65 years,
18% were female, 9% were nonwhite, 37% were diabetic, and 83% had either a prior coronary bypass or
percutaneous

coronary

intervention.

The

0

6

12

18
42
24
30
36
Months Since Randomization

EDTA Chelation

839

760

703

650

588

537

511

Placebo

869

776

701

638

566

515

475

Number at Risk

48

54

60

476

427

358

229

429

384

322

205

trial

strongly encouraged concomitant use of conventional, evidence-based post-MI cardiac therapies. At

TACT (Trial to Assess Chelation Therapy) Kaplan-Meier estimates of the primary composite
endpoint: edetate disodium (EDTA) chelation therapy versus placebo (2). The primary

baseline, 92% were taking aspirin, clopidogrel, or

endpoint was a composite of death from any cause, reinfarction, stroke, coronary revas-

warfarin, and 73% were taking statins. The median

cularization, or hospitalization for angina. CI ¼ conﬁdence interval.

low-density lipoprotein was 89 mg/dl. A total of
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the study team suggesting a unique beneﬁt from

various toxic and essential metals. Following the

edetate disodium (2,18). Edetate disodium treatment

infusion, the excretion of lead over 2 days increased

reduced the relative risk of the primary endpoint by

by 3,830%, and of cadmium by 514%. A similar

41% (HR: 0.59; 95% CI: 0.44 to 0.79; p ¼ 0.0002) over

experiment performed by Arenas et al. (20) demon-

5 years (Figure 2). The NNT to prevent 1 event over 5

strated similar results, but in this case with the

years of follow-up was 6.5. The principal secondary

identical TACT solution in TACT-eligible patients.

endpoint, cardiovascular death or recurrent MI or

Compared with baseline, a single infusion increased

stroke, occurred in 17% of placebo patients and 11% of

lead excretion by 3,887%, and cadmium by 670%.

edetate disodium–treated patients, a 40% relative

These ﬁndings raise the possibility that edetate diso-

reduction in risk (HR: 0.60; 95% CI: 0.39 to 0.91;

dium mobilizes lead and cadmium from their chronic

p ¼ 0.017). There was a 52% relative reduction in the

tissue storage compartments and facilitates their

risk of recurrent MI among patients with diabetes

excretion. In our review, we focus on cadmium and

(HR: 0.48; 95% CI: 0.26 to 0.88; p ¼ 0.015), and a 43%

lead because those are the metals with the strongest

relative reduction in the risk of death from any cause

epidemiological and experimental evidence in sup-

in patients with diabetes (HR: 0.57; 95% CI: 0.36 to

port of a role in cardiovascular disease development.

0.88; p ¼ 0.011). There was no difference between
groups in control of glucose, as deﬁned by fasting
glycemia, during the course of the initial 30 infusions.

WHAT DOES EDETATE DISODIUM CHELATE?

EVIDENCE SUPPORTING TOXIC METALS
AS AN EMERGING CARDIOVASCULAR
RISK FACTOR
The

association

of

environmental

pollutants,

Although the treatment regimens tested in TACT

including metals, with cardiovascular disease has

were complex, the most reasonable presumption is

been reviewed elsewhere (21,22). In this review, we

that edetate disodium was the primary active thera-

will summarize the evidence for the 2 metals that are

peutic agent responsible for the results. To investi-

chelated most effectively by edetate disodium and

gate the chelating effect of edetate disodium, Waters

that have convincing published reports documenting

et al. (19) collected 24-h urines for 2 days before and 2

their cardiovascular toxicity: lead and cadmium,

days after an edetate disodium–based infusion similar

ranked second and seventh, respectively, as envi-

to that used in TACT and analyzed the samples for

ronmental chemicals of concern by the Agency for
Toxic Substances and Disease Registry (23).
LEAD SOURCES AND BIOLOGICAL STORAGE. Lead

F I G U R E 2 Primary Endpoint in Patients With Diabetes

exposure in the United States markedly increased
0.5
Hazard Ratio 95% CI
EDTA:Placebo

0.59

from the end of World War II through the mid-1970s,

P-value (log-rank)

0.44, 0.79

largely the result of use of tetraethyl lead in gasoline

0.0002

as an octane booster combined with the increased
0.4

number of automobiles in use (24). At the peak of lead

Event Rate

production, the atmospheric release of lead reached
600,000 tons annually (25). Lead exposure then

0.3

began to decrease following the elimination of lead in
gasoline for road-driven vehicles by 1980. The
half-life of lead in the body, however, is extremely

0.2

long, as lead is not excreted efﬁciently, and it accumulates in bone. As a result, anyone living in the
United States during the period from 1945 to 1980

0.1

accumulated much more lead in his or her body than
Placebo
EDTA Chelation

has happened at any other time in history. Lead

0.0
0

6

12

EDTA Chelation 322

286

262

243

217

198

187

311

270

235

214

187

168

155

Number at Risk
Placebo

18
24
30
36
42
Months Since Randomization

48

54

60

177

157

126

74

134

116

94

63

exposure, moreover, remains ubiquitous through
soil, batteries, toys, house paint, plumbing, and industrial sources, as well as smoking and secondhand
smoke exposure (26).
Lead measured in whole blood is the major

Kaplan-Meier estimates of the primary composite endpoint: EDTA chelation therapy versus

biomarker of lead exposure, and has a half-life of 35

placebo, subset of patients with diabetes (19). Abbreviations as in Figure 1.

days. Blood lead accounts for only 1% to 5% of total
body lead burden, however, as most lead in the body
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is contained in bone and other calciﬁed tissues (27).

CADMIUM SOURCES AND BIOLOGICAL STORAGE.

The half-life for lead in bone approaches 30 years for

Cadmium production markedly increased during the

cortical bone and years to decades for trabecular bone

20th century, especially between 1945 and the

(27). Once in the chronic storage compartment, bone

1980s (36), as a result of cadmium use in the pro-

lead leaches out over time, serving as an endogenous

duction of nickel-cadmium batteries, metal coat-

source of blood lead and resulting in ongoing, years-

ings, and plastic stabilizers. Food and smoking are

long low-level lead exposure to the cardiovascular

the major sources of cadmium for the general pop-

system, neural tissues, and kidneys. Lead can be

ulation (37). The potential toxicity of cadmium is

mobilized from the internal body stores and excreted

ampliﬁed by its extremely slow excretion rate. Once

through the urine following chelation. Chelation with

ingested, cadmium is stored predominantly in the

edetate disodium, the chelating agent used in TACT

kidneys, liver, lungs, pancreas, and central nervous

and proposed for TACT2, mobilizes lead from bone,

system, with a half-life for excretion of over 15 to

whereas other chelating agents, for instance 2,3-

45 years (38,39). In blood, cadmium has 2 com-

dimercaptosuccinic acid, mobilize lead mostly from

partments, 1 that represents recent exposure and

soft tissues (28).

has a half-life of w35 days and another that is in

LEAD AND CARDIOVASCULAR DISEASE. The possible

equilibrium with internal cadmium stores and has a

association between lead and cardiovascular disease

half-life of decades.

has been recognized for many years (21,22,29). The

CADMIUM

most robust studies evaluating the association of

studies have evaluated the association between cad-

blood lead with cardiovascular outcomes have been

mium and cardiovascular disease in the general U.S.

conducted using data from the National Health and

population using NHANES data (39–41). In NHANES

Nutrition Examination Surveys (NHANES). NHANES

1988 to 1994, for every doubling of urine cadmium,

studies reported that despite the remarkable drop in

there was a 36% increase in coronary heart disease

blood lead following the elimination of leaded gaso-

mortality in men, but no increase was observed in

line, blood lead levels remain associated with car-

women. In NHANES 1999 to 2004, however, blood

diovascular

origin,

and urine cadmium were associated with increased

hypertension,

cardiovascular disease mortality, including coronary

including

outcomes
coronary

of

heart

atherosclerotic
disease,

stroke, and peripheral arterial disease (30,31).

AND

CARDIOVASCULAR

DISEASE. Several

heart disease, in both men and women. In the Strong

Cumulative lead exposure, as reﬂected by bone

Heart Study, participants with diabetes showed

lead, and cardiovascular events have been studied in

stronger associations between cadmium and CVD

the Veterans’ Normative Aging Study, a longitudinal

outcomes than did those without diabetes, and the

study among community-based male veterans in the

difference was statistically signiﬁcant (42).

greater Boston area enrolled in 1963. Patients had a

Cadmium exposure has also been related to pe-

single measurement of tibial and patellar bone lead

ripheral arterial disease. In NHANES analyses, it was

between 1991 and 1999 (32). The HR for ischemic

proposed that cadmium could potentially mediate at

heart disease mortality comparing patellar lead >35 to

least part of the effect of smoking on peripheral

<22 m g/g was 8.37 (95% CI: 1.29 to 54.4).

arterial disease (41). A recent systematic review

Lead is an established risk factor for hypertension

concluded that the evidence supports the role of

on the basis of consistent epidemiological evidence in

cadmium as a cardiovascular disease risk factor,

populations around the world, as well as experi-

especially for coronary heart disease (43).

mental evidence showing increases in blood pressure

Cadmium is thought to promote atherosclerosis

levels in animal models (29,33). Substantial in vivo

through

and in vitro evidence supports that lead reduces nitric

can indirectly deplete antioxidants, such as gluta-

oxide bioavailability (34), as well as promotes oxida-

thione, increasing reactive oxygen species (Central

tive stress and inﬂammation. These mechanisms are

Illustration) (45). Subclinically, cadmium has been

believed to play a major role in lead-related vascular

related to early atherosclerosis, including higher

disease (Central Illustration). In experimental models,

carotid intima-media thickness and carotid plaque in

lead-induced hypertension was reversible, either

women from Europe (44). In experimental studies,

with a chelating agent or with antioxidant treatment

low-level cadmium exposure can increase endothelial

(34). Recent studies suggest that there may be

permeability, inhibit proliferation of endothelial

epigenetic modiﬁcations due to lead exposure, for

cells, and induce cell death. Cadmium has also been

instance, with hypomethylation in a promoter of the

related to gene expression and differential methyl-

COLIA2 gene (35).

ation

in
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CENTRAL I LLUSTRATI ON Heavy Metals as a Risk Factor for Atherosclerotic Cardiovascular
Disease and the Beneﬁts of Chelation Therapy
Inhale or ingest LEAD

Inhale or ingest CADMIUM

Main sources:

Water

Effects
of lead
possibly
mitigated
by
Na2EDTA

Paint

Main sources:

Air
pollution

Tobacco
smoke

Soil

Food

Air
pollution

Tobacco
smoke

Soil

Oxidative stress
Nitric oxide bioavailability
Inflammation
Renin-angiotensin system
Cardiac autonomic dysfunction
Induces epigenetic effects

Oxidative stress
Glutathione
Binds to metallothioneins and glutathione
Induces epigenetic effects

Blood pressure
Glomerular function
Heart rate variability

Blood pressure
Glomerular function
Tubular dysfunction

Atherosclerosis

Chronic kidney disease

Effects
of cadmium
possibly
mitigated
by
Na2EDTA

Hypertension

Trial to Assess Chelation Therapy (TACT) Primary Endpoint:
All cause mortality, myocardial infarction, stroke, coronary
revascularization, hospitalization for angina

Na2EDTA

Unexpected benefits of edetate disodium chelation therapy (Na2EDTA):
Primary Endpoint reduction by 18% overall
Primary Endpoint reduction by 41% in diabetic patients
(Confirmation being sought in TACT2, a replicative study in diabetic post-MI patients)

Lamas, G.A. et al. J Am Coll Cardiol. 2016;67(20):2411–8.

Major sources and routes of exposure, mechanisms at the molecular and cellular level, responses at the tissue and organ level, and subclinical
and clinical cardiovascular effects on the basis of experimental and epidemiological evidence are shown for lead and cadmium. Arrows denote
direction of ﬂow. Na2EDTA ¼ disodium ethylene diamine tetra acetic acid; NO ¼ nitric oxide; TACT ¼ Trial to Assess Chelation Therapy.

longevity,

cardiovascular

disease

severity,

and

vascular calciﬁcation (RASAL1 and Klotho) (46,47).
DIABETES AND METALS. Speciﬁc adverse effects of

metals in patients with diabetes mellitus have been
discussed for over 20 years. Complications of diabetes
mellitus may be partially mediated through the accumulation of advanced glycation end-products and
activation of the receptor of advanced glycation
end-products (48), with downstream inﬂammatory
cascades (49,50). Glycation end-products are created
by the nonenzymatic interaction of glucose with pro-

glycation end-products and promote the formation of
reactive oxygen species in an autocatalytic reaction.
The resultant oxidized end-products accumulate in
tissues, where they promote inﬂammation and
oxidative stress, hallmarks of atherosclerosis. These
processes may provide a plausible explanation for
the ampliﬁed beneﬁt seen with edetate chelation in
the diabetic subgroup of TACT (18,52,53). This is a
hypothesis that merits testing. A direct connection
to lead and cadmium has yet to be demonstrated.

REPLICATION OF TACT: THE TACT2 STUDY

teins, lipids, and nucleic acids (51). Most advanced
glycation end-products require metal-catalyzed oxy-

The hallmark of science is replication, and so it needs

gen chemistry for their formation. Metals bind to

to be with the use of edetate disodium chelation as a
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treatment to reduce cardiovascular risk. We recently

reduction in lead and cadmium levels is causally

received funding through the National Center for

associated with reduced cardiovascular risk. In

Complementary and Integrative Health for a planning

recognition that these are hypotheses that may be

year for TACT2, a replicative study in post-MI diabetic

disproven, a biorepository of specimens, including

patients comparing the TACT regimen with placebo.

deoxyribonucleic acid (DNA), has also been proposed.

Although the ﬁnal protocol is still under develop-

If fully funded, the ﬁnal protocol will crystallize over

ment, there is agreement that TACT2 should replicate

the coming months. At present, TACT2 is still seeking

the most encouraging ﬁndings from TACT as closely

enrollment sites.

as possible. We have proposed a similar 2  2 factorial
design for TACT2, randomly assigning patients to 40
infusions of the TACT chelation solution versus placebo infusions and high doses of OMVM versus oral

ACKNOWLEDGMENT The authors thank Ms. Shawn

Rosen-Holtzman, MBA, for her assistance in the
preparation of this paper.

placebo. TACT2 will also begin to explore the most
likely mechanistic hypotheses. We have proposed

REPRINT REQUESTS AND CORRESPONDENCE: Dr.

blood and urine collections throughout the infusion

Gervasio A. Lamas, Columbia University Division of

period and will attempt to relate baseline lead and

Cardiology, Mount Sinai Medical Center, 4300 Alton

cadmium levels to risk of future events. In addition,

Road, Miami Beach, Florida 33140. E-mail: gervasio.

we will perform analyses to determine whether

lamas@msmc.com.

REFERENCES
1. Kaiser C. AHA: dismay greets positive chelation
study. MedPage Today. November 4, 2012.
Available at: http://www.medpagetoday.com/
MeetingCoverage/AHA/35746. Accessed March
13, 2016.
2. Lamas GA, Goertz C, Boineau R, et al., for the
TACT Investigators. Effect of disodium EDTA
chelation regimen on cardiovascular events in
patients with previous myocardial infarction: the
TACT randomized trial. JAMA 2013;309:1241–50.
3. Goodwin JS, Goodwin JM. The tomato effect.

study of 470 patients. J Adv Med 1993;6:
161–71.

patients after edetate disodium therapy (abstr). J
Am Coll Cardiol 2016;67 13 Suppl:A2125.

12. Clarke TC, Black LI, Stussman BJ, et al. Trends
in the complementary health approaches among

21. Solenkova NV, Newman JD, Berger JS, et al.
Metal pollutants and cardiovascular disease:
mechanisms and consequences of exposure. Am
Heart J 2014;168:812–22.

adults: United States, 2002–2012. Natl Health
Stat Report 2015;79:1–16.
13. Guldager B, Jelnes R, Jørgensen SJ, et al. EDTA
treatment of intermittent claudication—a doubleblind, placebo-controlled study. J Intern Med
1992;231:261–7.

Rejection of highly efﬁcacious therapies. JAMA
1984;251:2387–90.

14. Van Rij AM, Solomon C, Packer SGK, et al.
Chelation therapy for intermittent claudication. A
double-blind, randomized, controlled trial. Circu-

4. Münz F, inventor; General Aniline Works, Inc.,

lation 1994;90:1194–9.

assignee. Polyamino carboxylic acids and process
for making same. US patent 2,130,505. September
20, 1938.
5. Rubin M, Gignac S, Bessman SP, et al.
Enhancement of lead excretion in humans by
disodium calcium ethylene-diamine tetraacetate.
Science 1953;117:659–60.

15. Knudtson ML, Wyse DG, Galbraith PD, et al.,
for the Program to Assess Alternative Treatment
Strategies to Achieve Cardiac Health (PATCH) Investigators. Chelation therapy for ischemic heart
disease: a randomized controlled trial. JAMA
2002;287:481–6.
16. Lamas GA, Ackermann A. Clinical evaluation of

6. Clarke CN, Clarke NE, Mosher RE. Treatment of
angina pectoris with disodium ethylene diamine
tetraacetic acid. Am J Med Sci 1956;232:654–66.
7. Russek HI, Zohman BL, Dorset VJ. Effects of
tobacco and whiskey on the cardiovascular system. J Am Med Assoc 1955;157:563–8.
8. Kitchell JR, Palmon F Jr., Aytan N, et al. The
treatment of coronary artery disease with disodium EDTA. A reappraisal. Am J Cardiol 1963;11:
501–6.
9. American Medical Association. Proceedings of
the House of Delegates. Report of the Council on
Scientiﬁc Affairs in regard to chelation therapy.
December 2–5, 1984:272–4.

chelation therapy: is there any wheat amidst the
chaff? Am Heart J 2000;140:4–5.
17. Lamas GA, Goertz C, Boineau R, et al. Design of
the Trial to Assess Chelation Therapy (TACT). Am
Heart J 2012;163:7–12.
18. Escolar E, Lamas GA, Mark DB, et al. The effect
of an EDTA-based chelation regimen on patients
with diabetes mellitus and prior myocardial
infarction in the Trial to Assess Chelation Therapy
(TACT). Circ Cardiovasc Qual Outcomes 2014;7:
15–24.
19. Waters RS, Bryden NA, Patterson KY, et al.
EDTA chelation effects on urinary losses of cad-

22. Cosselman KE, Navas-Acien A, Kaufman JD.
Environmental factors in cardiovascular disease.
Nat Rev Cardiol 2015;12:627–42.
23. Agency for Toxic Substances & Disease Registry. Priority list of hazardous substances. 2016.
Available at: http://www.atsdr.cdc.gov/SPL/index.
html. Accessed March 13, 2016.
24. National Institutes of Health, Ofﬁce of Extramural Research. Request for information (RFI): the
impact of environmental lead exposure on cognition and bone function. 2015. Available at: http://
grants.nih.gov/grants/guide/notice-ﬁles/NOT-TW15-002.html. Accessed March 13, 2016.
25. National Research Council Committee on Lead
in the Human Environment. A Report Prepared by
the Committee on Lead in the Human Environment, Environmental Studies Board, Commission
on Natural Resources, National Research Council.
Washington, DC: National Academy of Sciences,
1980.
26. Apostolou A, Garcia-Esquinas E, Fadrowski JJ,
et al. Secondhand tobacco smoke: a source of lead
exposure in US children and adolescents. Am J
Public Health 2012;102:714–22.
27. Hu H, Shih R, Rothenberg S, et al. The epidemiology of lead toxicity in adults: measuring dose
and consideration of other methodologic issues.
Environ Health Perspect 2007;115:455–62.

chelation therapy. J Adv Med 1997;10:5–90.

mium, calcium, chromium, cobalt, copper, lead,
magnesium, and zinc. Biol Trace Elem Res 2001;
83:207–21.

28. Lee BK, Schwartz BS, Stewart W, et al. Provocative chelation with DMSA and EDTA: evidence
for differential access to lead storage sites. Occup
Environ Med 1995;52:13–9.

11. Hancke C, Flytlie K. Beneﬁts of EDTA chelation therapy in arteriosclerosis: a retrospective

20. Arenas IA, Navas-Acien A, Lamas GA.
Enhanced vasculotoxic metal excretionin post-MI

29. Navas-Acien A, Guallar E, Silbergeld EK, et al.
Lead exposure and cardiovascular disease—a

10. Rozema TC. Special issue: protocols for

Downloaded From: http://content.onlinejacc.org/ by Gervasio Lamas on 05/16/2016

2417

2418

Lamas et al.

JACC VOL. 67, NO. 20, 2016
MAY 24, 2016:2411–8

Metal Chelation and Cardiac Disease

systematic review. Environ Health Perspect 2007;
115:472–82.
30. Muntner P, Menke A, DeSalvo KB, et al.
Continued decline in blood lead levels among
adults in the United States: the National Health
and Nutrition Examination Surveys. Arch Intern
Med 2005;165:2155–61.
31. Navas-Acien A, Selvin E, Sharrett AR, et al.
Lead, cadmium, smoking, and increased risk of
peripheral arterial disease. Circulation 2004;109:
3196–201.
32. Weisskopf M, Jain N, Nie H, et al. A prospective
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;120:1056–64.
33. Navas-Acien A, Schwartz BS, Rothenberg SJ,
et al. Bone lead levels and blood pressure endpoints: a meta-analysis. Epidemiology 2008;19:
496–504.
34. Vaziri ND, Khan M. Interplay of reactive oxygen species and nitric oxide in the pathogenesis of
experimental lead-induced hypertension. Clin Exp
Pharmacol Physiol 2007;34:920–5.
35. Hanna CW, Bloom MS, Robinson WP, et al.
DNA methylation changes in whole blood is
associated with exposure to the environmental
contaminants, mercury, lead, cadmium and
bisphenol A, in women undergoing ovarian stimulation for IVF. Hum Reprod 2012;27:1401–10.
36. Skerfving S, Bergdahl IA. Lead. In:
Nordberg GF, Fowler BA, Nordberg M, Friberg LT,
editors. Handbook on the Toxicology of Metals.
Third Edition. Cambridge, MA: Academic Press,

United States population, 1988–2008: the
contribution of declining smoking rates. Environ
Health Perspect 2012;120:204–9.
38. Agency for Toxic Substances & Disease Registry
(ATSDR). Toxicological proﬁle for cadmium. 2012.
Available at: http://www.atsdr.cdc.gov/ToxProﬁles/
tp.asp?id¼48&tid¼15. Accessed March 13, 2016.
39. Menke A, Muntner P, Silbergeld EK, et al.
Cadmium levels in urine and mortality among U.S.
adults. Environ Health Perspect 2009;117:190–6.
40. Tellez-Plaza M, Navas-Acien A, Menke A, et al.
Cadmium exposure and all-cause and cardiovascular mortality in the U.S. general population.
Environ Health Perspect 2012;120:1017–22.
41. Tellez-Plaza M, Guallar E, Fabsitz RR, et al.
Cadmium exposure and incident peripheral arterial
disease. Circ Cardiovasc Qual Outcomes 2013;6:
626–33.
42. Tellez-Plaza M, Guallar E, Howard BV, et al.
Cadmium exposure and incident cardiovascular
disease. Epidemiology 2013;24:421–9.
43. Tellez-Plaza M, Jones MR, DominguezLucas A, et al. Cadmium exposure and clinical
cardiovascular disease: a systematic review. Curr
Atheroscler Rep 2013;15:356.
44. Messner B, Knoﬂach M, Seubert A, et al.
Cadmium is a novel and independent risk factor for
early atherosclerosis mechanisms and in vivo
relevance. Arterioscler Thromb Vasc Biol 2009;29:
1392–8.

2007:599–643.

45. Messner B, Bernhard D. Cadmium and cardiovascular diseases: cell biology, pathophysiology,
and epidemiological relevance. Biometals 2010;
23:811–22.

37. Tellez-Plaza M, Navas-Acien A, Caldwell KL,

46. Martin-Nuñez E, Donate-Correa J, Muros-de-

et al. Reduction in cadmium exposure in the

Fuentes M, et al. Implications of Klotho in vascular

Downloaded From: http://content.onlinejacc.org/ by Gervasio Lamas on 05/16/2016

health and disease. World J Cardiol 2014;6:
1262–9.
47. Ruiz-Hernandez A, Kuo CC, RenteroGarrido P, et al. Environmental chemicals and
DNA methylation in adults: a systematic review
of the epidemiologic evidence. Clin Epigenetics
2015;7:55.
48. Manigrasso MB, Juranek J, Ramasamy R, et al.
Unlocking the biology of RAGE in diabetic microvascular complications. Trends Endocrinol Metab
2014;25:15–22.
49. Baynes JW. Role of oxidative stress in development of complications in diabetes. Diabetes
1991;40:405–12.
50. Hodgkinson CP, Laxton RC, Patel K, et al.
Advanced glycation end-product of low density
lipoprotein activates the toll-like 4 receptor
pathway implications for diabetic atherosclerosis. Arterioscler Thromb Vasc Biol 2008;28:
2275–81.
51. Goh SY, Cooper ME. The role of advanced
glycation end products in progression and complications of diabetes. J Clin Endocrinol Metab
2008;93:1143–52.
52. Qian M, Liu M, Eaton JW. Transition metals
bind to glycated proteins forming redox active
“glycochelates”: implications for the pathogenesis
of certain diabetic complications. Biochem Biophys
Res Commun 1998;250:385–9.
53. Frizzell N, Baynes JW. Chelation therapy:
overlooked in the treatment and prevention of
diabetes complications? Future Med Chem 2013;5:
1075–8.

KEY WORDS cadmium, coronary artery
disease, lead, metal intoxication, myocardial
infarction

