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Objective: Approximately 1 in 7 US adults have diabetes; and over 60% of deaths in patients with diabetes have
cardiac disease as a principal or contributing cause. Both coronary and peripheral artery disease (PAD) identify
high-risk cohorts among patientswith diabetes.Wehave previously demonstrated improved cardiovascular out-
comes with edetate disodium-based chelation in post-MI patients with diabetes, enrolled in the Trial to Assess
Chelation Therapy (TACT). In these analyses we further studied the effect size of patients with diabetes and se-
vere disease in 2 vascular beds; coronaries, and lower extremity arteries.Wequestionedwhether greater athero-
sclerotic burden would attenuate the observed beneficial effect of edetate disodium infusions.
Research design andmethods: Themulticenter TACT used a double blind, placebo controlled, 2 × 2 factorial design
with 1708 participants, randomly assigned to receive edetate disodium-based chelation, or placebo and high
dose oral vitamins or placebo. There were 162 (9.5% of 1708) post-MI patients with a diagnosis of diabetes

mellitus and PAD for this post hoc analysis. Patients received up to 40 double-blind intravenous infusions of
edetate disodium-based chelation, or placebo. The composite primary endpoint of TACT consisted of death
from any cause, myocardial infarction, stroke, coronary revascularization and hospitalization for angina.
Results: Themedian agewas 66 years, 15% female, 5% non-Caucasian, and BMIwas 31. Insulinwas used by 32% of
patients. Active infusions significantly reduced the primary endpoint comparedwith placebo infusions (HR, 0.52; 95%
CI, 0.30–0.92; P= 0.0069), with a 30% absolute risk reduction in the primary endpoint. Therewas amarked reduction
in total mortality from 24% to 11%, although of borderline significance (P=0.052).
Conclusion:Atherosclerotic disease inmultiple vascular beds did not attenuate the beneficial effect of edetate disodium
infusions in post MI patients with diabetes. Studies now in progress will prospectively test this post hoc finding.
© 2019 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Treatment of atherosclerosis with edetate disodium (disodium
ethylenediamine tetraacetic acid, Na2EDTA) infusions has been in use
for coronary and peripheral artery disease (PAD) for over 60 years.
The Trial to Assess Chelation Therapy (TACT) was the first large
randomized double-blind placebo-controlled clinical trial performed
to test this therapy. TACT demonstrated a reduction in combined
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cardiovascular events in the group assigned to edetate disodium
infusions,1 particularly in patients with diabetes.2 On that basis, chela-
tion with edetate disodium was upgraded to a 2b indication in current
Guidelines for Chronic Ischemic Heart Disease.3

PAD is an aggressive form of atherosclerotic vascular disease
more prevalent in patients with diabetes. PAD was not a prespecified
subgroup in TACT but collected on the study forms. These patients
represent a particularly high-risk cohort.4 Based on the findings in
the patients with diabetes and anecdotal reports of the benefits of
edetate disodium-based chelation in PAD, we considered whether this
therapymightmaintain effectiveness in spite of the greater disease bur-
den and higher risk of diabetes with both CAD and PAD, or whether ef-
ficacy of active therapy might be blunted due to extensive vascular
disease.
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Methods

The methods and results of TACT have been previously reported.2,5

The study was a double blind 2 × 2 factorial design with 1708 partici-
pants, randomized to receive 40 intravenous (IV) infusions of edetate
disodium-based chelation, or placebo. In addition, the patients were
also assigned to an oral high dose vitamins and mineral regimen, or
oral placebo.5 The allocation ratio was 1:1:1:1. The present analyses
focus on chelation versus placebo infusions.

2.1. Treatment regimen

The 500 mL TACT intravenous infusion consisted of up to 3 g of
edetate disodium, adjusted based on the estimated creatinine clear-
ance; 7 g of ascorbic acid; 2 g of magnesium chloride; B-vitamins; and
other components.5 The placebo solution consisted of 500 mL of 1.2%
dextrose (2.5 g total) in normal saline. The first 30 infusions were ad-
ministeredweekly for 30weeks and the next 10 biweekly to bimonthly
for a total of 40 infusions. Edetate disodium also binds divalent cations
such asmagnesium and zinc which serve important physiological func-
tions. Thus, all patients received a daily low dose vitamin and mineral
regimen while they were receiving infusions consisting of vitamin B6,
zinc; copper; manganese and chromium to prevent any possible deple-
tion syndromes. Optimal medical therapy for post-MI patients was en-
couraged and monitored by the coordinating centers.

2.2. Safety monitoring

Safety monitoring during the infusion phase included physical ex-
amination and laboratory assessmentswhich included glucose, calcium,
renal function, hepatic function and hematologic parameters.

2.3. Study population

Eligible patients were at least 50 years old.1,5 All had a history of
MI ≥ 6 weeks before enrollment. Patients were ineligible if they had a
serum creatinine N2.0 mg/dL, platelet count b100,000 per uL, abnormal
liver function test, blood pressure N 160/100 mmHg, past allergies to
chelation or vitamin components, chelation therapy within 5 years, re-
vascularization within 6 months before enrollment, heart failure hospi-
talization within 6 months of enrollment, or inability to tolerate the
500 mL study infusion. Women of childbearing potential also were ex-
cluded. The study enrolled 1708 patients in 134 sites in the United
States and Canada. The institutional review board at each clinical site
approved the study with all patients providing informed consent. A
Data and Safety Monitoring Board provided oversight for the study.

2.4. Peripheral artery disease and diabetes mellitus definition

The diabetes mellitus subgroup had self-reported diabetes mellitus,
was taking oral or insulin treatment for diabetes mellitus, or had a
fasting blood glucose of at least 126 mg/dL at the time of enrollment
in the study. The presence of PAD was based on 1] patients' self-
reported diagnosis; or 2] a history of intermittent claudication on the
baseline case report form; or 3] a history of prior lower extremity revas-
cularization with either angioplasty or lower extremity bypass grafting
as reported by the patient at baseline. There were 162 (9.5% of 1708)
post-MI patients with a diagnosis of diabetes mellitus and PAD for this
analysis.

2.5. Follow-up

The patients were seen at baseline and each infusion visit. Labora-
tory evaluations were performed during the screening visit and
throughout the infusion phase, including fasting glucose levels, lipids,
renal function, and clinical history of coronary revascularization. Once
patients completed the infusion phase, they were followed by quarterly
phone calls or clinic visits for up to five years.

2.6. Endpoints

The composite primary endpoint consisted of death from any cause,
myocardial infarction (MI), stroke, coronary revascularization and hos-
pitalization for angina.1 The secondary endpoint consisted of a compos-
ite of cardiovascular (CV) death, non-fatal MI or stroke. All endpoint
events except coronary revascularization were reviewed and adjudi-
cated by a clinical events committee blinded to the randomized treat-
ment assignments. Coronary revascularization was confirmed at the
Data Coordinating Center.

2.6.1. Statistical analysis
Randomization for the study was accomplished using secure web

base permuted block randomization stratified by the clinical site (nei-
ther diabetes mellitus nor PAD was a stratification factor). Baseline
characteristics of patients were obtained during screening visits and
summarized using the median and interquartile ranges (IQRs) for con-
tinuous variables and frequencies and percentages for categorical vari-
ables. The baseline characteristics of patients with diabetes and PAD
infused with EDTA or placebo were compared using the Wilcoxon
rank-sum test for continuous variables and the conventional Chi-
square test for categorical variables. The log-rank testwas used for com-
paring EDTA chelation versus placebo with respect to the primary and
secondary endpoints. Each patient was counted only once at the time
of thefirst occurrence of a component of theprimary endpoint. All treat-
ment comparisons were performed using 2-sided statistical tests at the
significance level of 0.05. Relative risks were expressed as hazard ratios
(HR) with associated 95% confidence intervals (CI), calculated using the
Cox proportional hazards model. The proportional hazards assumption
was assessed graphically aswell as using a Kolmogorov-type supremum
test. Data management and statistical analyses were performed by the
Data Coordinating Center at the Duke Clinical Research Institute. All sta-
tistical analyses were performed using SAS software, version 9.4 (SAS
Institute Inc., Cary, NC).

3. Results

3.1. Baseline characteristics of diabetes mellitus and peripheral artery dis-
ease patients treated with edetate disodium or placebo

Among patients with diabetes and PAD, 87 were randomly assigned
to receive edetate disodium-based chelation infusion regimen and 75
assigned to receive placebo infusions. At baseline, patientswith diabetes
and PAD treatedwith edetate disodium chelation or placebo had similar
demographics and clinical history. There were no differences in the use
of concomitant post-MI medications or in diabetes treatment at base-
line. Patients in the edetate disodium-assigned group had lower creati-
nine (1.0 vs 1.2 mg/dL, P = 0.001) compared with patients in the
placebo group, with all other laboratory examinations similar between
the two groups (Table 1), including use of statins. Therefore, creatinine
was included in Cox models to be adjusted for along with the oral vita-
min/placebo group assignment.

3.2. Outcome events

3.2.1. Patients with diabetes, post-MI, and PAD
The incidence of the primary end-point was significantly lower in

post-MI patients with diabetes and PAD treated with edetate
disodium-based infusions compared with placebo (HR, 0.52; 95% CI,
0.30–0.92; log-rank P-value = 0.0069), with a 48% relative reduction
in the combined endpoint (Fig. 1). The number needed to treat to pre-
vent a single event over 5 years was 3.3. Patients with diabetes and
PAD randomized to edetate disodium-based chelation had a



Table 1
Baseline characteristics of patients with diabetes and PAD by infusion arm.a

EDTA chelation
(n = 87)

Placebo
(n = 75)

Demographics
Age, median (IQR), years 65.8 (61.7, 71.7) 67.9 (61.7, 73.7)
Female 15 (17%) 10 (13%)
Minority (Hispanic or non-Caucasian) 6 (7%) 6 (8%)
Caucasian 82 (94%) 72 (96%)
Body mass index, median (IQR) 31.2 (27.0, 36.2) 32.4 (28.4, 35.9)

Medical History
Hypertension 73 (84%) 60 (80%)
Hypercholesterolemia 74 (86%) 67 (89%)
Atrial fibrillation 11 (13%) 14 (19%)
Former cigarette smoker 57 (66%) 41 (55%)

Coronary revascularization
Coronary artery bypass grafting 51 (59%) 43 (57%)
Percutaneous coronary intervention 49 (56%) 36 (48%)

Concomitant Medications
Beta-blocker 69 (79%) 55 (73%)
Statin 69 (79%) 60 (80%)
ACE or ARB 66 (76%) 53 (71%)
Clopidogrel 21 (25%) 19 (27%)
Warfarin 10 (12%) 11 (15%)
Aspirin or warfarin 78 (91%) 66 (88%)
Insulin 26 (31%) 25 (34%)

Multivitamin 31 (36%) 31 (43%)
Laboratory Examinations, median (IQR),
mg/dL
Glucose 130.0

(104.0, 159.0)
129.0

(103.0, 153.0)
Creatinineb 1.0 (0.9, 1.3) 1.2 (1.1, 1.4)
Total cholesterol 160.0

(139.0, 188.0)
163.5

(134.5, 197.5)
HDL-C 42.0 (35.0, 49.0) 40.0 (34.0, 48.0)
LDL-C 81.0 (65.0, 105.0) 81.5 (62.5, 113.5)
Triglycerides 160.5

(112.0, 227.0)
156.5

(110.5, 227.0)

Abbreviations: PAD, peripheral artery disease; IQR, interquartile range; ACE, angiotensin-
converting enzyme; ARB, angiotensin receptor blocker; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol;

a Data are expressed as No. (%) unless otherwise indicated.
b P-value b 0.05. There were no other statistically significant differences between

groups.
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directionally consistent reduction in all-cause mortality (HR, 0.54; 95%
CI, 0.25–1.18; log-rank P-value = 0.052). The incidence of myocardial
infarction (HR, 0.48; 95% CI, 0.16–1.43; log-rank P-value = 0.078), and
the pre-specified secondary endpoint of death, MI, or stroke (HR, 0.68;
Fig. 1. Primary endpoint in patients with DM, MI and
95% CI, 0.32–1.42, log-rank P-value = 0.098) all demonstrated a trend
towards reduction by active therapy (Table 2). An analysis of interaction
of edetate disodium therapywith the presence of PAD demonstrated no
significance (P = 0.442). An analysis of interaction of vitamin therapy
(active versus placebo) with active treatment was not significant
(P = 0.235).

3.2.2. Patients with diabetes, post-MI, without PAD
In post-MI patients with diabetes, but without PAD, the primary

end-point was significantly lower in patients treated with edetate
disodium-based infusions compared with placebo (HR, 0.68; 95% CI,
0.48–0.97; log-rank P-value=0.035), with a 32% relative risk reduction
(Supplementary Fig. 1). The effect size was consistent with prior analy-
ses of post-MI patients with diabetes.2

3.3. Safety

There were 32 serious adverse events (non–end point) in the study
population with diabetes and PAD, 17 placebo and 15 active (P=0.39).

4. Discussion

One of 7 adults in the US has diabetes- including almost 30% of
Americans age 60 and over.6 Patientswith diabetes have a 2 to 3-fold in-
creased risk of vascular mortality compared to patients without diabe-
tes. Pre-specified subgroup analyses in TACT showed that post-MI
patients with diabetes accrued the greatest benefit from edetate
disodium-based chelation therapy.2 This finding is being re-tested in
the NIH supported TACT2 Trial. Since the combination of diabetes with
established disease of two vascular territories- coronaries (post-MI),
and peripheral arteries (PAD) - has been reported to convey extraordi-
narily high risks for adverse vascular complications, we tested whether
the previously demonstrated beneficial effect of active treatment was
still present in a population with diabetes and a greater burden of ath-
erosclerotic disease.

The present study of edetate disodium-based chelation in patients
with diabetes, a prior MI and PAD demonstrates a 48% relative, and
30% absolute risk reduction in combined cardiovascular events (P =
0.0069). Such a large effect size is unexpected, and merits explanation
as well as further study.

PAD is an atherosclerotic occlusive disease affecting the lower ex-
tremities and confers very high vascular risk. In such patients, mortality
is most often due to coronary events, placing the spotlight on the
PAD assigned to edetate disodium or placebo.



Table 2
Clinical end points of patients with diabetes and PAD by infusion arm.

Endpoint EDTA chelation
(n = 87)

Placebo
(n = 75)

Hazard ratioa

(95% CI)
P-valueb

Primary endpointc 20 (23%) 33 (44%) 0.52 (0.30, 0.92) 0.0069
Death 10 (11%) 18 (24%) 0.54 (0.25, 1.18) 0.0523
Myocardial infarction 5 (6%) 10 (14%) 0.48 (0.16, 1.43) 0.0775
Coronary revascularization 11 (13%) 13 (17%) 0.66 (0.29, 1.51) 0.3212
Hospitalization for angina 2 (2%) 3 (4%) 0.52 (0.08, 3.28) 0.4818

Secondary endpointd 12 (14%) 18 (24%) 0.68 (0.32, 1.42) 0.0983
Cardiovascular death 6 (7%) 11 (15%) 0.55 (0.20, 1.51) 0.1289
Non-fatal myocardial infarction 5 (6%) 9 (12%) 0.59 (0.18, 1.66) 0.1333

a Estimated by Cox proportional hazard model adjusted by vitamin group and creatinine.
b By log-rank test.
c Primary endpoint = first occurrence of death from any cause, myocardial infarction, stroke, or hospitalization for unstable angina.
d Secondary endpoint = first occurrence of death from a cardiovascular cause, myocardial infarction, or stroke.
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residual atherosclerotic risk of patients with diabetes and established
atherosclerosis.7,8 Our hypothesis in embarking on the present analyses
was that chelation and excretion of vasculotoxic metals, particularly
cadmium and lead –metals preferentially chelated by edetate
disodium-9might still demonstrate a reduction in cardiovascular events
in spite of the greater atherosclerotic burden of patients with diabetes
and disease in multiple vascular territories.

There are robust epidemiologic data that support a causal
association of toxic metals with peripheral artery disease.10–16 A recent
meta-analysis encompassing over 300,000 individual patients
demonstrated that lead and cadmium are cardiovascular risk factors.16
,17 But within the associations teased out by epidemiologic studies,
cadmium appears to have a stronger association with PAD. This is
consistent with work from Tellez-Plaza et al., who demonstrated an
association between cadmium exposure and incidence of PAD.11 And
more recently, Zhuang et al. in 2018 analyzed the NHANES data for
predictors of PAD in an environment–wide analysis encompassing
417 measured and self-reported variables. Cadmium exposure was 1
out of only 4 independently predictive variables.10 Thus, our striking
findingswith a cadmium and lead chelator are consistentwith the pres-
ent science on low-level toxic metal exposure and cardiovascular
disease.

In the present analyses, the edetate disodium-based chelation ther-
apy regimen reduced the incidence of a composite cardiovascular end-
point with a large effect size. This is of particular importance as patients
were concurrently taking evidence-based post-MI medical therapy. We
also demonstrated, in the full diabetes cohort, that randomization to ac-
tive treatment did not improve glycemic control.2 Therefore, we are led
to the internally consistent conclusion that the TACT infusions may be
directly targeting additionalmodifiable risk factors – cadmiumand lead.

The pharmacologic data on edetate disodium as used in TACT are
supportive. Edetate disodium is an artificial amino acid synthesized in
1935 that functions as a chelating agent with a high affinity for lead
and cadmium.18 A previous study demonstrated that post-MI patients
treated with a single infusion of edetate disodium had a significantly
higher urinary excretion of cadmium and lead following a 3 g infusion
compared with baseline (633% higher for cadmium and 3835% higher
for lead, P b 0.001 for both compared with baseline urinary levels).9

Cadmium is a highly toxic metal widely distributed in the
environment.19 Soil contamination of cadmium is a significant environ-
mental problem because vegetables and grains bio-concentrate cad-
mium from soil resulting in major cadmium exposure through diet
and smoking tobacco leaf. More recent data suggest that even in pa-
tients with coronary disease, the presence of cadmium in urine is
highest when there is concomitant severe critical limb ischemia,
supporting the underlying concept and results of this paper.20

Lead is more commonly recognized as a cardiovascular toxicant and
lead abatement is recognized as desirable. In spite of this, lead exposure
is still two orders of magnitude higher today than prior to the 17th
century.21 To the point, a recent analysis of NHANES data reported
over 250,000 cardiac deaths per year in the US attributable to low
level lead contamination that persists to this day.22 Thus, both cadmium
and lead are vasculotoxic. Our work suggests that even in patients with
the highest atherosclerotic burden, treatment with edetate disodium-
based chelation has downstream vascular benefits, as observed here.

There have also been various hypotheses on the effects of metals in
diabetes. Diabetes increases the production of advanced glycation end
products, which result in macrovascular complications.23 Advanced
glycation end products interact with endothelial cells to induce release
of pro-atherogenic molecules implicated in atherogenesis.24

Metals bind to glycation end-products, promoting reactive oxidative
species, endothelial dysfunction and inflammation, characteristics of
atherosclerosis. Advanced glycation end products require metal cata-
lyzed oxygen chemistry for their formation, thus edetate disodium-
based chelation may have specific benefit in patients with diabetes.25

PAD in patientswith diabetes affects infrapopliteal vessels thus decreas-
ing vasculotoxic metal burden may reduce endothelial dysfunction,
reactive oxygen species and pro-atherosclerotic burden. This may be
supported by the continued divergence of the active compared with
placebo curves for the primary end-point well after infusions ended at
about 18 months (Fig. 1). Additionally, PAD atheroma cause symptoms
by obstruction, not plaque rupture. Considering that the study was
undertaken over many years and the active EDTA and placebo curves
for the primary end-point continued to diverge, one might hypothesize
that total atheromatous burden rather than plaque rupture was the
entity reduced or prevented. Interestingly some current diabetes
medications with positive cardiac effects may also have chelating
properties.26,27

This post-hoc study hasmany limitations. First, the self-reported his-
tory of PAD, or the history of intermittent claudication, may be due to
other factors other than vascular disease. An ongoing trial TACT3a,
which includes critical limb ischemia, a severe stage of PAD, will help
further investigate the benefit of edetate disodium-based chelation in
this subgroup of patients with diabetes. Second, neither urine nor
blood levels of cadmium or lead were obtained during the infusion
phase or follow-up. Both toxicmetals have been associatedwith cardio-
vascular disease thus decreasing the total body burden of these metals
may explain the benefit of edetate-disodium based chelation. The ongo-
ing TACT2 trial in post-MI patients with diabetes is collecting urine and
blood levels. Third, although site investigators were trained and moni-
tored for the use of optimal medical therapy for post-MI patients, circu-
lating LDL-C levels were not optimal for this high-risk population as
understood in the present day. Finally, current smokers and patients
with chronic kidney were excluded from the study which limits gener-
alizability. Low environmental lead exposure has shown a possible ac-
celeration in renal insufficiency in patients without diabetes.28

Consequently, further studies are needed to investigate the benefit of
edetate disodium-based chelation in this subgroup of patients.
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5. Conclusions

In spite of extreme atherosclerotic burden, post-MI patients with di-
abetes and PAD on medical therapy demonstrated a significant reduc-
tion in combined cardiovascular events with edetate disodium-based
chelation therapy. When faced with patients with diabetes and disease
in multiple vascular beds, clinicians may want to consider edetate
disodium-based therapies. These analyses, however, do not yet consti-
tute enough evidence to recommend routine use of chelation therapy
for all post-MI patients with diabetes and PAD. An ongoing clinical
trial that is still recruiting performance sites (www.tact2.org), and an-
other yet to start (TACT3a) will provide a definitive answer in the
near future.

Source of funding

The National Center for Complementary and Alternative Medicine
and the National Heart, Lung, and Blood Institute provided funding
and oversight, grant U01AT001156 and U01HL092607.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jdiacomp.2019.04.005.
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