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SYSTEMATIC REVIEW AND META-ANALYSIS

Chelation Therapy in Patients With 
Cardiovascular Disease: A Systematic 
Review
Filippo Ravalli , BA; Xavier Vela Parada , MD; Francisco Ujueta, MD; Rachel Pinotti , MLIS;   
Kevin J. Anstrom, PhD; Gervasio A. Lamas , MD; Ana Navas- Acien , MD, PhD

BACKGROUND: EDTA is an intravenous chelating agent with high affinity to divalent cations (lead, cadmium, and calcium) that 
may be beneficial in the treatment of cardiovascular disease (CVD). Although a large randomized clinical trial showed benefit, 
smaller studies were inconsistent. We conducted a systematic review of published studies to examine the effect of repeated 
EDTA on clinical outcomes in adults with CVD.

METHODS AND RESULTS: We searched 3 databases (MEDLINE, Embase, and Cochrane) from database inception to October 
2021 to identify all studies involving EDTA treatment in patients with CVD. Predetermined outcomes included mortality, dis-
ease severity, plasma biomarkers of disease chronicity, and quality of life. Twenty- four studies (4 randomized clinical trials, 
15 prospective before/after studies, and 5 retrospective case series) assessed the use of repeated EDTA chelation treatment 
in patients with preexistent CVD. Of these, 17 studies (1 randomized clinical trial) found improvement in their respective out-
comes following EDTA treatment. The largest improvements were observed in studies with high prevalence of participants 
with diabetes and/or severe occlusive arterial disease. A meta- analysis conducted with 4 studies reporting ankle- brachial 
index indicated an improvement of 0.08 (95% CI, 0.06– 0.09) from baseline.

CONCLUSIONS: Overall, 17 studies suggested improved outcomes, 5 reported no statistically significant effect of treatment, and 
2 reported no qualitative benefit. Repeated EDTA for CVD treatment may provide more benefit to patients with diabetes and 
severe peripheral arterial disease. Differences across infusion regimens, including dosage, solution components, and number 
of infusions, limit comparisons across studies. Additional research is necessary to confirm these findings and to evaluate the 
potential mediating role of metals.

REGISTRATION: URL: https://www.crd.york.ac.uk/; Unique identifier: CRD42020166505.
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Chelation removes select cations from tissues by 
forming a chelator- chelate complex subsequently 
excreted by the kidneys or liver.1 EDTA is a synthetic 

amino acid and polydentate chelator with high affinity for 
divalent cations, such as lead, cadmium, and calcium.2 
The US Food and Drug Administration has approved its 
calcium salt (edetate calcium disodium) to treat lead poi-
soning and, in the past, as an emergent treatment for 

hypercalcemia.3 Since 1956, some medical professionals 
have administered EDTA to treat cardiovascular disease 
(CVD).1 Early practitioners proposed decalcification of ath-
erosclerotic plaque as a possible mechanism for EDTA 
benefit. Although EDTA benefit in atherosclerotic disease 
is not standard of care, more recent investigations suggest 
that benefits of chelation may stem from removal of estab-
lished cardiotoxic metals, such as lead or cadmium.1,4
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Initial studies of multiple EDTA infusions to treat 
CVD showed mixed results. Studies were too small, 
both individually and in aggregate, to exclude a small 
to moderate benefit or harm of chelation.5– 11 In 2013, 
the TACT (Trial to Assess Chelation Therapy) gener-
ated renewed interest on the potential cardiovascular 
benefits of EDTA- based chelation.11 TACT, a National 
Institutes of Health– funded randomized clinical trial 
(RCT), examined the effects of 40 infusions of an 
EDTA- based mixture in patients with a history of myo-
cardial infarction. The study found a reduction in the 
primary composite cardiovascular end point, with the 
greatest benefit among patients with diabetes.11,12 A re-
cent small, open- label, pilot study of EDTA in patients 
with diabetes and critical limb- threatening ischemia 
showed complete wound healing and improvement in 
quality of life in those patients completing a 40 infusion 
regimen.13 These studies suggest that the potential 

therapeutic use of EDTA in CVD merits further inves-
tigation. Although several reviews are available on 
metal chelation and CVD, the totality of evidence on 
the health benefits of EDTA treatment in patients with 
CVD is still mixed.1,8,10,14,15 To gain clarity on the state of 
the evidence and perhaps guide future investigations, 
our team performed a systematic review of published 
studies reporting clinical outcomes in adults with ath-
erosclerotic CVD treated with EDTA.

METHODS
We reviewed all prior studies up to 2021 that used 
EDTA as the primary treatment method in patients 
with existing CVD. Various health outcomes were 
predetermined, including mortality, disease severity, 
plasma biomarkers of disease chronicity, and qual-
ity of life. Study population characteristics, including 
diabetes, were also examined to determine if certain 
high- risk subpopulations might demonstrate different 
effect sizes. This study was conducted according to 
the recommendations of the Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses guide-
lines.16 The protocol for this systematic review was 
registered on PROSPERO (International prospective 
register of systematic reviews) and can be accessed at 
https://www.crd.york.ac.uk/prosp ero/displ ay_record.
php?ID=CRD42 02016 6505.17 The authors declare that 
all supporting data are available within the article and 
its online supplemental files.

Search Strategy
A comprehensive search strategy was designed by all 
authors and executed by R.P. in the MEDLINE, Embase, 
and Cochrane CENTRAL databases to identify all 
human studies reporting on chelation therapy with 
EDTA for patients with CVD published from each da-
tabase inception through October 27, 2021 (Figure 1). 
The search query used an exhaustive list of subject 
headings and keywords. No language or other search 
limiters were used. Animal studies were excluded using 
the method recommended in the Cochrane Handbook 
of Systematic Reviews of Interventions.18 The full elec-
tronic search strategy for all databases is reported in 
Data S1. In addition, the bibliographies of review arti-
cles were hand searched to identify additional eligible 
studies.

Study Selection and Eligibility Criteria
All studies identified by the electronic searches were 
imported into the Covidence online review software 
tool and deduplicated. Results were independently 
screened by 2 reviewers (X.V.P. and F.R.) in 2 succes-
sive rounds, the first on the basis of the title/abstract 
and the second on the basis of full text. In the case of 

CLINICAL PERSPECTIVE

What Is New?
• This systematic review summarizes the litera-

ture examining the possible clinical benefits of 
EDTA chelation therapy in patients with preex-
istent cardiovascular disease.

• This is the largest review to date, including 4 
clinical trials, 15 prospective before/after stud-
ies, and 5 retrospective case series assessing 
mortality, disease severity, plasma biomarkers 
of disease chronicity, and/or quality of life.

• We also evaluated the effect of EDTA on metal 
elimination and whether the clinical effects of 
EDTA were more pronounced in patients with 
diabetes and peripheral artery disease.

What Are the Clinical Implications?
• There is a signal of benefit for EDTA in patients 

with atherosclerotic vascular disease.
• Patients with diabetes and peripheral artery dis-

ease may benefit more from EDTA therapy than 
other patient populations.

• EDTA may eliminate toxic metals associated 
with atherosclerotic and oxidative vascular 
damage.

Nonstandard Abbreviations and Acronyms

Na2EDTA disodium EDTA
PATCH Program to Assess Treatment 

Strategies to Achieve Cardiac Health
TACT Trial to Assess Chelation Therapy

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020166505
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020166505
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disagreement between the 2 reviewers, a third author 
(A.N.- A.) was consulted.

Studies with the following prespecified patients, 
intervention, comparison, and outcomes criteria were 
included: The study population of interest comprised 
adults with CVD, including coronary disease, cere-
brovascular disease, and peripheral artery disease 
(PAD). Interventions consisted of treatment with che-
lation therapy with any salt of EDTA and were com-
pared with placebo, standard treatment for CVD, or 
pre- post intervention comparison. Outcomes of inter-
est included all- cause mortality, clinical cardiovascular 
outcomes, ankle- brachial index (ABI), vascular struc-
ture and function, quality of life, and other outcomes, 
such as blood pressure, heart rate, and creatinine 
clearance. Randomized trials, nonrandomized trials, 
and case series of patients receiving chelation therapy 
for CVD under controlled (standardized treatment for 
each patient) or noncontrolled conditions were eligible 
for inclusion. All outcomes within the inclusion crite-
ria were included, without regard to primary or sec-
ondary outcome status in original article. Abstracts, 
conference posters, and other studies not published 
in full were excluded. Prospective before/after studies 
were defined as studies with standardized, compa-
rable treatment regimens and study protocols for all 

patients. Retrospective case series were defined as 
retrospective analysis of EDTA treatment outcomes or 
studies having varied protocols. Studies were subse-
quently categorized as RCTs, studies with quantitative 
outcomes (reporting continuous outcomes), or studies 
with qualitative outcomes (reporting noncontinuous 
outcomes). One study reporting continuous outcomes 
in ABI and walking distance was categorized as quali-
tative because of limitations in study protocol, including 
changing of placebo intervention to chelation interven-
tion halfway through the study.19 In addition, a further 
study reported most of its outcomes as noncontinuous 
and therefore was categorized as a qualitative study; 
however, the study also measured quality of life data 
on a continuous scale.13

Statistical Analysis
Measures of association and CIs were extracted or de-
rived from the eligible studies. For all studies, except 
Lamas et al and Green et al, the total mean change 
was selected as the measure of association for com-
parison in continuous outcomes.6,9,20– 33 This measure 
was calculated by taking the difference between the 
presented outcome values at last reported follow- up 
and baseline. For the 4 studies not reporting aggregate 
findings but reporting results for individual patients, we 

Figure 1. Flow diagram of study selection process.
Databases: Cochrane Central (https://www.cochr aneli brary.com/central), EMBASE (http://www.embase.
com/), and MEDLINE (www.pubmed.gov). CVD indicates cardiovascular disease.

Studies Imported for screening: n=3,627
MEDLINE: 924
EMBASE: 2,490
Cochrane CENTRAL: 207
Hand Search: 6

Irrelevant Studies : n=2,770
Poster/Conference Abstracts, Reviews, 
Editorials/Commentaries
Wrong study design, outcome, or sample size
Studies not using EDTA agents
Studies not done in pa�ents with CVD
Full text una�ainable

Dis�nct Studies: n=31

Studies excluded: n=7
Mul�ple publica�ons from same popula�on

Studies Included: n=24
Randomized Clinical Trials: 4
Prospec�ve Before/A�er: 15
Retrospec�ve Case Series Analyses: 5

Duplicate Studies: n=826

Studies Screened: n=2,801

https://www.cochranelibrary.com/central
http://www.embase.com/
http://www.embase.com/
http://www.pubmed.gov
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calculated the mean change by calculating each indi-
vidual’s mean change and estimating the mean and 
SD values across all patients.20,21,27,31 In studies report-
ing ABI for individual limbs, an average of both limbs 
was taken if possible26,27 and, if not available, the aver-
age of the worse limbs was used.6 For Lamas et al, 
the hazard ratio (HR) for time to event outcomes was 
reported. For Green et al, the resting forearm blood 
flow after treatment was reported as no baseline data 
were available.

In studies not reporting CIs or SDs of the mean 
change, we calculated the missing mean change SD 
using the correlation coefficients for individual out-
comes, as proposed by Higgins et al,18 which we cal-
culated (range, 0.35– 0.87) for studies reporting data for 
individual patients27,31 or mean change SD9 and imputed 
to other studies with the same outcomes.6,24,26,28,32 For 
studies for which correlation coefficients could not be 
determined, the median correlation coefficient among 
all other outcomes (0.67) was used.6,22,23,25,28,29,33 To 
determine if 0.67 was influential, we conducted a sen-
sitivity analysis using a correlation coefficient of 0.50, 
0.80, 0.90, and 0.95, which showed consistent results. 
The 95% CIs were subsequently constructed for the 
mean change±1.96×SE.

A priori, we decided that if at least 3 studies re-
ported similar outcomes and comparison groups, a 
meta- analysis would be conducted. Following study 
extraction, 5 studies with comparable study popula-
tions reported mean difference in ABI from baseline 
following repeated chelation treatment, which met 
the criteria for inclusion in a meta- analysis. Of these 
studies, 1 failed to report variability for ABI outcome, 
resulting in 4 studies being included in the final analy-
sis. A fixed- effects meta- analysis was run solely for de-
scriptive purposes to examine patterns in studies with 
identical outcomes. The meta- analysis was conducted 
using the “meta” package version 5.1- 1 in R version 
4.0.2.34,35

Risk of Bias Assessment
For each study fulfilling the inclusion criteria, an as-
sessment of methodological quality was performed 
by 2 authors (X.V.P. and F.R.). Issues that were un-
resolved in the assessment were passed to a third 
reviewer (A.N.- A.). Discrepancies were discussed 
until a consensus was reached. For RCTs, the risk of 
bias was assessed using the Cochrane risk of bias 
tool for RCTs 2.0.36 The risk of bias tool assesses 
different domains for risk of bias, which include the 
following: the randomization process, deviations 
from intended interventions, missing outcome data, 
measurement of the outcome, and selective report-
ing. Risk of bias outcomes are shown in Figure S1. 
Nonrandomized trials were assessed as “high risk 
for bias.”

RESULTS
A total of 24 studies, extending from 1957 to 2019, met 
the inclusion criteria, including 6 studies found by hand 
search. Of these, 4 RCTs (Table 1),6,9,11,28 15 prospec-
tive before/after studies,1 and 5 retrospective case 
series4,5,40– 42 were included (Tables 2 and 3). The sam-
ple size of the RCTs ranged from 32, in a single- center 
study conducted in New Zealand, to 1708, in the TACT, 
a multicenter clinical trial conducted across the United 
States and Canada. The sample size of prospective 
before/after studies ranged from 8 in an Australian 
study conducted in patients with coronary artery dis-
ease (CAD) to 132 in a study conducted in patients with 
angina pectoris, intermittent claudication, or some 
form of cerebrovascular disease. The sample size of 
the retrospective case series studies ranged from 4, in 
a qualitative study of patients with end- stage occlusive 
PAD, to 2870, in a retrospective study of patients at a 
private clinic in Brazil. Five additional publications re-
porting different results from the same study popula-
tion as the initial publication were also summarized in 
the tables, 3 of them related to the TACT12,32,43 and 2 
related to other studies.24,29 On the basis of the inclu-
sion criteria, all studies followed up patients with a his-
tory of CVD. Ten studies reported the prevalence of 
diabetes in the study population with an average of 
34.2% (range, 0%– 100%) across these studies. The 
number of repeated infusions ranged from 11 to 88 
(median, 23).

Overall, 17 suggested improved outcomes,2 5 re-
ported no statistically significant effect of EDTA treat-
ment,6,9,28,33,39 and 2 reported no qualitative benefit.38,41 
Of the 10 studies reporting prevalence of diabetes, all 
4 studies with prevalence of ≥25% suggested im-
proved outcomes. Seventeen studies used disodium 
EDTA (Na2EDTA) as the chelating agent,3 1 used cal-
cium Na2EDTA,33 and 6 did not specify the EDTA salt 
used.4,23,25– 27,42 A total of 11 of 17 of the studies using 
Na2EDTA indicated improved outcomes. The dose for 
the chelating agent ranged from 1 to 5  g. All RCTs 
used up to 3 g of Na2EDTA as the chelating agent, and 
2 of 4 RCTs used a normal saline solution as the 
placebo.6,28

Three studies analyzed urinary metal levels at base-
line and posttreatment for lead. In 2 studies, lead was 
measured pretreatment and during follow- up. Both 
studies indicated significant decreases in urinary lead 
from baseline to last point of follow- up, with mean 
decreases of 8.40 μg/L (SD, 4.29 μg/L) (74.40% de-
crease)33 and 9.76  μg/g creatinine (SD, 13.48  μg/g 

*References 13, 19– 23, 25– 27, 30, 31, 33, 37– 39.

†References 4, 5, 11, 13, 19– 23, 25– 27, 30, 31, 37, 40, 42.

‡References 5, 6, 9, 11, 13, 19– 22, 28, 30, 31, 37– 41.
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creatinine) (58.04% decrease).31 In addition, one 
study also reported significant decrease in urinary 
cadmium following treatment, with a mean decrease 
of 0.34 μg/L (SD, 0.39 μg/L) (22.67% decrease).33 A 
third study measured urinary lead and cadmium im-
mediately pretreatment and posttreatment at baseline 
and after the final infusion. After the first infusion, both 
urinary lead and cadmium significantly increased by 
22.4  μg/g creatinine (SD, 15.17  μg/g creatinine) and 
3.0 μg/g creatinine (SD, 1.59 μg/g creatinine), respec-
tively. The corresponding increases following the last 
infusion were 7.2 μg/g creatinine (SD, 5.69 μg/g cre-
atinine) for lead and 3.4 μg/g creatinine (SD, 1.94 μg/g 
creatinine) for cadmium.13

Mortality and Clinical CVD Outcomes
The TACT reported a significant reduction in the pri-
mary composite end point in the active treatment arm 
compared with placebo (HR, 0.82; 95% CI, 0.69– 0.99) 
(Table 1).11 There was no statistically significant hazard 
reduction for total mortality (HR, 0.93; 95% CI, 0.70– 
1.25), but this study was not powered to measure this ef-
fect. The HRs for the primary composite end point were 
markedly stronger in the subset of patients (n=633) with 
diabetes (HR, 0.59; 95% CI, 0.44– 0.79)12 and in patients 
(n=162) with both diabetes and PAD (HR, 0.52; 95% CI, 
0.30– 0.92).43 A case study examining mortality follow-
ing EDTA treatment found a 2- year cumulative mortal-
ity of 13% in patients with angina pectoris, compared 
with a cumulative mortality of 23.6% in a comparison 
group receiving medical treatment without EDTA.37 Two 
case studies included data on mortality (31.58% cumu-
lative mortality38 and 42.86% cumulative mortality)5 but 
lacked any comparison group. No other study reported 
all- cause mortality data.

Studies in Patients With PAD
Eleven studies (3 RCTs)6,11,28 reported on patients with 
PAD or related outcomes, including ABI and pain- free 
walking distance (Table 4). Two RCTs conducted in pa-
tients experiencing intermittent claudication28 and in 
patients with PAD6 excluded all patients with diabetes 
at recruitment and found no significant difference in 
both ABI and pain- free walking distance comparing re-
peated EDTA treatment versus placebo. Two prospec-
tive before/after studies conducted in patients with 
vascular stenosis and patients with arteriosclerosis in 
one or both legs found improvements in ABI following 
EDTA treatment (Table 2).26,27 These studies did not re-
port diabetes prevalence.

Six studies reported qualitative results in patients 
with PAD through retrospective case series analysis or 
prospective before/after studies of patients receiving 
repeated EDTA infusions (Table  3).4,5,13,19,37,42 A quali-
tative study of patients with diabetes and PAD or ret-
inopathy reported ulcer healing, vision improvement, 
and reductions in insulin dependence in patients.5 A 
qualitative study conducted in patients with intermit-
tent claudication indicated that patients had relief from 
rest pain and improved pain- free walking distance.37 
Two qualitative retrospective case series studies in pa-
tients with moderate to severe PAD (diabetes preva-
lence, 75%4 and 100%13) reported that repeated EDTA 
reversed the natural cause of PAD in patients with end- 
stage occlusive PAD through complete healing of ul-
cers and gangrene, avoiding limb amputation in most 
cases.4,13 A double- blind prospective case series study 
indicated that patients with PAD treated with EDTA had 
significantly improved ABI and walking distance com-
pared with placebo, resulting in the authors to switch 
the placebo group to receive treatment infusions fol-
lowing half of the infusion regimen.19 A retrospective 

Table 4. Detailed Outcomes in Studies Reporting Ankle/Brachial Index & Walking Distance

Study name

Godfrey (1990)27 Guldager et al (1992)28*
McDonagh et al 
(1985)26 Van Rij et al (1994)6

Chelation Chelation Placebo Chelation Chelation Placebo

ABI

Baseline 0.71 (0.27) 0.50 (0.15) 0.51 (0.13) 0.77 (0.22) 0.59 (0.13) 0.61 (0.11)

Post treatment 0.88 (0.33) 0.52 (0.14) 0.52 (0.14) 0.94 (0.27) 0.70 (0.36) 0.60 (0.15)

3- mo follow up NR 0.54 (0.14) 0.53 (0.14) NR 0.62 (0.15) 0.58 (0.13)

6- mo follow up NR 0.56 (0.13) 0.53 (0.14) NR NR NR

Pain- free walking distance (m)

Baseline NR 74 (25) 82 (36) NR 92 (64) 98 (67)

Post treatment NR 93 (41) 109 (56) NR 101 (50) 121 (89)

3- mo follow up NR 95 (48) 102 (42) NR 104 (62) 123 (108)

6- mo follow up NR 97 (47) 119 (93) NR NR NR

Results are reported as: value (SD). ABI indicates Ankle- Brachial Index; and NR, not reported.
*Number of subjects changed at each follow- up.
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analysis in a single practitioner chelation practice in 
Brazil, of patients with chronic vascular and nonspe-
cific “degenerative diseases,” such as cardiac disease, 
PAD, and other geriatric vascular diseases, treated 
with EDTA indicated that 91% of patients with PAD 
had a “marked improvement” (patient could walk 5× 
distance at baseline with no intermittent claudication, 
and had normal clinical appearance of lower extrem-
ities and normal Doppler ultrasound).42 A descriptive 
meta- analysis of ABI outcomes in active treatment arm 
across 4 studies with comparable data6,26– 28 showed a 
mean difference of 0.08 (95% CI, 0.06– 0.09) of the ABI 
at follow- up compared with baseline (Figure 2).

Brachial Artery Diameter and Blood Flow
Five studies reported outcomes associated with 
changes in vascular structure and function, including 
pulse wave velocity, left ventricular ejection fraction, 
and brachial artery diameter. One RCT, the multicenter 
PATCH (Program to Assess Treatment Strategies to 
Achieve Cardiac Health) study conducted in Alberta, 
Canada (n=84; diabetes prevalence, 15%), found no 
differences between chelation and placebo for any 
measured outcome, including time to ischemia, time 
to anaerobic threshold, and maximal oxygen con-
sumption (Table 1).9 The PATCH study did not report 
clinical outcomes. A study examining change in abso-
lute resting forearm blood flow in patients with CAD 
found no significant differences between EDTA and 
saline in resting forearm blood flow.39 Another pro-
spective before/after study conducted in patients with 

CAD also found no significant differences in baseline 
peak blood flow from pretreatment level.33 Two stud-
ies measured brachial artery diameter after chelation 
treatment and found no significant difference in diam-
eter between baseline and follow- up (Table  5).29,33 A 
subset of the PATCH study also found no difference in 
brachial artery diameter between chelation or placebo 
treatment.29 Of the studies that found no improvement 
following repeated EDTA treatment, only 2 reported 
prevalence of diabetes and both had ≤15% patients 
with diabetes.9,39 One prospective before/after study 
in patients with CAD saw significant improvements in 
left ventricular ejection fraction.21 Another before/after 
study conducted in Sweden, examining arterial stiff-
ness, found a significant decrease in brachial artery 
stiffness, pulse wave velocity, augmentation index, and 
erythrocyte fragility following repeated EDTA treatment 

Figure 2. Meta- analysis for studies reporting ankle- brachial index (ABI) outcome.
All studies measured the ABI at baseline and at the end of repeated chelation treatment with EDTA 
infusions. One study (*) did not report the SD or any other measure that would allow to estimate the SD 
and was not included in the meta- analysis. In Guldager et al28 and Van Rij et al6, only the active treatment 
arm was included in the analysis. A fixed- effects meta- analysis to estimate the common effect in ABI 
comparing follow- up with baseline was conducted using the “meta” package version 5.1- 1 in R version 
4.0.2.34,35 Because of differences in the compared studies, this meta- analysis was done for descriptive 
purposes only, and no clear conclusions should be drawn from it. Square indicates size of weight; tick 
mark/circle, effect size; black horizontal line, CI; red diamond, common effect estimate and CI; and 
dashed vertical line, common effect estimate. MD indicates mean difference.

Table 5. Detailed Outcomes in Studies Reporting Brachial 
Artery Diameter

Study name

Anderson et al (2003)29*
Lin et al 
(2017)33

Chelation Placebo Chelation

Brachial artery diameter, mm

Baseline 4.0 (0.8) 4.1 (0.7) 3.45 (0.55)

3- mo follow up NR NR 3.37 (0.57)

6- mo follow up 4.0 (0.8) 4.1 (0.5) 3.56 (0.54)

Results are reported as: value (SD).
*PATCH Study.
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compared with baseline.30 These 2 studies did not re-
port diabetes prevalence.

Quality of Life
Three studies evaluated quality of life with the 36- Item 
Short Form Health Survey and/or the Duke Activity 
Status Index (Table  6).9,13,32 The PATCH study RCT 
(n=84; diabetes prevalence, 15%) reported only small 
increases in both 36- Item Short Form Health Survey 
and Duke Activity Status Index scores, with no dif-
ference between placebo and chelation groups for 
either metric.9 In a randomly selected subset of the 
TACT (n=911; diabetes prevalence, 33%), a slight im-
provement for the EDTA group was noted in the Duke 
Activity Status Index score without reaching statisti-
cal significance; however, the baseline score of TACT 
was lower than the PATCH study in both conditions.32 
Both TACT and PATCH study found no significant dif-
ference in quality of life scores between chelation and 
placebo groups. An open- label pilot study conducted 
in 10 patients with moderate- to- severe PAD (n=10; 
diabetes prevalence, 100%) found a significant im-
provement in the 36- Item Short Form Health Survey 
scores, including gains of 30 and 35 points, from a 
baseline of 45, in the physical and mental score me-
dians, respectively.13

Other Outcomes
Additional quantitative prospective before/after stud-
ies reported significant improvements following EDTA 

treatment in different outcomes, including decreased 
heart rate and systolic blood pressure23,31 (Table 2). In 
3 studies of patients with angina pectoris, 2 reported 
lasting symptom improvement and increased exercise 
ability,37,40 whereas the third indicated that treatment 
provided only temporary symptom improvement in 
some patients.38 In a study of 7 patients with complete 
atrioventricular block, 4 of them showed restoration of 
normal sinus rhythm following treatment, whereas 3 
patients showed no improvements (Table 3).41

DISCUSSION
Summary
The overview of the heterogenous data available in 
high- risk patients with CVD suggests a signal of ben-
efit for repeated infusions of EDTA chelation, especially 
in patients with diabetes or severe PAD. Given EDTA’s 
known role as an effective chelator of 2 atherogenic 
divalent toxic cations, lead and cadmium, there is a 
possible, cautiously interpreted, mechanistic- based 
inference of a causal relationship. However, limitations 
in the available studies, including the small number of 
RCTs, the lack of reported clinical outcomes in many 
studies, differing infusion regimens, limited sample 
sizes, and limited follow- up data, make accurate es-
timation of the true effect size of repeated EDTA in 
patients with CVD difficult to calculate. Confounding 
variables may also have biased possible improve-
ments indicated in some studies. In addition, studies 

Table 6. Detailed Outcomes in Studies Reporting Quality of Life

Study name

Mark et al (2014)32* Knudtson et al (2002)9†
Arenas et al 
(2019)13

Chelation Placebo Chelation Placebo
Chelation (median, 
IQR)

DASI

Baseline 24.6 (17.8) 23.5 (17.5) 42.2 (12.5) 37.4 (13.4) NR

6- mo follow up 29.1 (17.4) 27.0 (18.0) 41.9 (14.2) 39. 3 (14.5) NR

12- mo follow up 29.4 (17.1) 26.3 (18.1) NR NR NR

SF- 36 Physical Score

Baseline NR NR 42.9 (10.1) 39.9 (11) 45 (28.8– 60)

Post- treatment NR NR NR NR 75 (57– 80)

6- mo follow up NR NR 45.1 (10.0) 44.9 (10.7) NR

SF- 36 Mental Score

Baseline NR NR 52.6 (7.6) 48.3 (10.4) 45 (32.5– 88)

Post- treatment NR NR NR NR 80 (55– 93.5)

6- mo follow up NR NR 54.6 (6.7) 50.4 (9.2) NR

Results are reported as: value (SD) unless noted otherwise. DASI indicates Duke Activity Status Index; IQR, interquartile range; NR, not reported; and SF- 36, 
Short- Form 36.

*TACT Study.
†PATCH Study.
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conducted in private chelation clinics may introduce 
surveillance and even financial bias in reporting out-
comes, potentially making results unreliable.42

Only 1 RCT, the TACT, was sufficiently large and 
followed up participants long enough to have clinical 
outcomes as the primary end point. TACT showed re-
duced hazard in its primary composite cardiovascular 
end point for EDTA therapy compared with placebo, 
with a particularly strong effect size in patients with 
diabetes. In reports with comparable intermediate 
outcomes (Tables 2 through 4), no consistent improve-
ment was observed across studies. A meta- analysis 
conducted in 4 studies reporting ABI suggested a 
small but significant increase in ABI (Figure 2); however, 
our analysis was for descriptive purposes only, and no 
clear conclusions should be drawn because of the dif-
ferences in studies. Mortality data were reported in the 
TACT and some case series. Case series, however, 
lacked a comparison group, impeding the evaluation 
of the effect of EDTA on overall mortality. Moreover, 
only a few studies reported diabetes prevalence and 
stratified analyses by diabetes status. Diabetes may be 
a relevant subgroup for benefit.

EDTA Mechanism and Regimen
EDTA targets divalent cations, such as metal ions, 
in plasma, soft tissues, and potentially bone and re-
moves them from circulation following renal excretion.1 
EDTA binds metal ions with differing affinity because 
of differences in the binding constants of EDTA for dif-
ferent metals, with lead and zinc excreted in a greater 
amount than cadmium and calcium.44 We identified 3 
studies in this review that showed a decline in urine 
lead and cadmium levels following treatment with 
EDTA, although statistical significance was only tested 
and confirmed in 2 studies.13,31,33 Furthermore, one 
study conducting urine sample collection immediately 
following the infusion showed a major relative increase 
in lead (3600% increase) and cadmium (566% in-
crease) levels, suggesting that EDTA can facilitate renal 
excretion of metals.13 An additional study (n=14), not 
included in this review as it did not include any health 
outcome, also found significant decrease in lead urine 
levels in patients with coronary artery disease compar-
ing postedetate level after first and final infusions, with 
no significant differences found for cadmium.45 In the 
treatment of CVD, EDTA has been suggested to lower 
vessel calcification through calcium removal and re-
duction in metal burden, although these hypotheses 
have not been confirmed. Because of its high affinity 
for calcium, EDTA may cause symptomatic hypocalce-
mia, and therefore lengthy infusion periods (3– 4 hours) 
are used.46 In the TACT, no difference in allergic reac-
tions, renal function, or heart failure exacerbations was 
observed between the treatment and placebo groups. 

Furthermore, only 1 of >27 000 EDTA infusions resulted 
in symptomatic hypocalcemia requiring an emergency 
department visit.11,46

EDTA chelation for the treatment of CVD generally 
follows a multidose regimen of intravenous infusions 
in combination with oral multivitamins and minerals.10 
Given the prolonged timespan during which the ex-
tracted studies were conducted, numerous EDTA infu-
sion regimens were used. Each infusion regimen used 
different minerals, EDTA salt, and EDTA dosage, result-
ing in a potential source of confounding for comparison 
between studies. Most studies (n=17) reported using 
Na2EDTA as the chelating agent, with only one study 
using calcium Na2EDTA. Similarly, dosage varied across 
studies, as some reported using a fixed EDTA dose for 
all patients, whereas others adjusted chelating agent 
dose based on body weight or glomerular filtration rate. 
No clear pattern emerged between EDTA dosage and 
patient improvement. Choice of minerals and amount 
of water present in the infusion may also have had a 
confounding effect. In studies examining renal func-
tion, a high amount of saline in the solution may have 
helped improve dehydrated patients, rather than EDTA 
chelation. Two studies that reported improved renal 
function did not indicate the solution components, but 
the improvement may have been related to the volume 
of crystalloid infused.22,25 Although creatinine clearance 
improvement has not been observed during the TACT 
or subsequent studies, one previous study reported 
improved renal function following repeated EDTA che-
lation therapy.47 Future research will be necessary to 
understand the role of chelation on renal function.

The 4 RCTs all used up to 3 g of Na2EDTA as the 
chelating agent and dose. The remaining nutrients 
in the infusion, however, varied greatly. For instance, 
the TACT used 10 different components in the treat-
ment infusion, including 7 g of ascorbic acid, whereas 
Guldager et al used only EDTA, sodium chloride, and 
water. Differences in the infusion components add a 
significant source of confounding. Similarly, the placebo 
solution for each RCT differed, with 2 studies using nor-
mal saline as the comparison, whereas the remaining 
RCTs used nonchelating infusion of glucose in saline.9,11 
Consequently, accurate comparison between studies is 
difficult and further research is necessary to confirm the 
effect of infusion components and EDTA dosage.

Effect of EDTA on Patients With Vascular 
Disease and Diabetes
Our analyses suggest that EDTA chelation may be par-
ticularly beneficial for patients with diabetes and CVD. 
Among the studies that reported diabetes prevalence, 
those with ≥25% patients with diabetes reported im-
provements in their respective outcomes.4,5,11,13 As 
an example, the TACT reported the largest effect size 



J Am Heart Assoc. 2022;11:e024648. DOI: 10.1161/JAHA.121.024648 19

Ravalli et al EDTA Chelation Therapy in Cardiovascular Disease

on the primary end point of combined cardiovascular 
events (HR, 0.59; P=0.0002) in patients with diabetes 
(Figure  3).12 TACT also suggested, in a nonprespeci-
fied analysis, that post– myocardial infarction patients 
with PAD as well as underlying diabetes improved 
significantly (HR, 0.52; P=0.0069).43 Other studies in 

patients with end- stage PAD also found significant im-
provement, including the resolution of lower extremity 
gangrene and ulcers, increased pain- free walking abil-
ity, improvement in quality of life, and the avoidance of 
lower extremity amputations (Figure  4).4,13,48 Many of 
the studies with end- stage PAD also included patients 

Figure 3. Kaplan- Meier estimates of primary composite end point in patients with diabetes (n=633) (A) and without diabetes 
(n=1075) (B) following EDTA treatment in the TACT (Trial to Assess Chelation Therapy).
Adapted with permission from Escolar et al.12 ©2013, Wolters Kluwer Health, Inc. Med indicates medication.

Figure 4. Evolution of gangrene wound appearance at baseline (top) and following final EDTA infusion treatment (bottom).48
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with diabetes. In 2 of the reported RCTs, patients with 
diabetes were excluded, and these studies found 
no significant improvement in their respective out-
comes.6,28 It is possible that the exclusion of patients 
with diabetes might explain the lack of improvement 
from EDTA chelation in those studies.

Possible Role of EDTA in the Emerging 
Field of Environmental Cardiology
Numerous studies have linked metal exposure to CVD 
development.49– 51 On entering the body, heavy metals, 
including lead and cadmium, affect multiple cellular 
and molecular mechanisms and result in downstream 
vascular changes. For example, elevated lead levels 
may cause a reduction in antioxidant effects, such as 
reduced glutathione activity, paraoxonase inactivation, 
and impaired calcium signaling, resulting in decreased 
ability of the cell to clear reactive oxygen species and 
free radicals as well as elevated expression of inflam-
matory markers.46,52– 54 Similarly, cadmium has also 
been associated with reduced glutathione activ-
ity, cadmium- induced cell death through apoptotic 
pathway activation, and DNA methylation, resulting 
in increased oxidative stress, inflammation, and en-
dothelial cell death.46,55– 57 Increased oxidative stress 
and endothelial dysfunction have been previously as-
sociated with CVD.49,52,58– 60 Epidemiological studies 
examining the role of heavy metals have also found 
that low- level metal exposure is associated with ad-
verse cardiovascular effects.46,50,61– 65 EDTA chelation 
of heavy metals may therefore benefit patients with 
CVD through antioxidant effects by reducing toxic 
metal burden. Only 3 of the extracted studies meas-
ured metal levels following chelation.13,31,33 These 3 
studies found decreases in lead levels, with 2 of the 
studies also reporting patient improvement following 
EDTA chelation.13,31

In patients with diabetes, metal exposure can fa-
cilitate the worsening of vascular function. Numerous 
metals, including lead, cadmium, and arsenic, have 
been associated with a higher risk of diabetes onset 
because of their contribution to oxidative stress.49,66– 68 
The added benefit for patients with diabetes identified 
in this systematic review may stem from metal cata-
lyzed oxygen chemistry promoting the formation of 
advanced glycation end products. Advanced glycation 
end products are oxidized, cross- linked glucose mol-
ecules that interact with endothelial cells, contributing 
to increased inflammatory cytokine expression.1,46,49,68 
These effects can subsequently contribute to subclini-
cal changes, such as atherogenesis and hypertension, 
leading to clinical CVD effects.49 It is possible that EDTA 
reduces toxic metal burden and formation of oxida-
tion products, thus improving patient outcomes more 
significantly among patients with diabetes.1,67,68 All of 

these hypotheses, however, must be taken cautiously, 
as they have not been demonstrated in patients.

Although recent evidence for the benefit of EDTA 
treatment has been mixed, few studies have evalu-
ated differences in diabetes prevalence as a source 
of heterogeneity. One recent meta- analysis found no 
evidence of a difference between EDTA chelation and 
placebo for CVD treatment; however, only one study 
had a diabetes prevalence of >30%.15 It is possible that 
the review failed to fully capture the patient population 
who stands to benefit most significantly from chelation 
treatment.

EDTA chelation therapy for stable ischemic heart 
disease was classified as a IIB treatment with level B 
evidence in the 2014 American College of Cardiology/
American Heart Association/American Association for 
Thoracic Surgery/Preventative Cardiovascular Nurses 
Association/Society for Cardiovascular Angiography 
and Interventions/Society of Thoracic Surgeons 
Focused Update of the Guideline for the Diagnosis 
and Management of Patients With Stable Ischemic 
Heart Disease, suggesting that although treatment 
may outweigh risk, further investigation is necessary 
to recommend routine use.69 Currently, to the best of 
our knowledge, at least 2 ongoing studies are exam-
ining EDTA treatment in post– myocardial infarction pa-
tients with diabetes (TACT2) and patients with chronic 
limb- threatening ischemia and diabetes (TACT3a). 
Furthermore, evidence on EDTA treatment cost remains 
limited. A preliminary cost analysis in 7 patients with crit-
ical limb ischemia found EDTA therapy to significantly 
lower cost of treatment compared with the average cost 
of standard treatment for critical limb ischemia, although 
the study failed to include the cost of EDTA infusions, 
which are variable by community.70 Cost- benefit analy-
ses have also been planned as part of the TACT2.

Interest in EDTA chelation as treatment for CAD, es-
pecially in patients with diabetes, has grown because 
of the results of the TACT. This present systematic re-
view of past studies suggests a signal of benefit in pa-
tients with atherosclerotic disease, particularly in those 
with diabetes. In vitro and epidemiologic evidence 
suggests that reduction of toxic metal burden may be 
causal for clinical benefit, a hypothesis that fits well with 
the emerging field of environmental cardiology. Future 
clinical research on EDTA chelation on patients with 
diabetes and PAD must include a mechanistic compo-
nent, as is being done with the ongoing 1000- patient 
National Institutes of Health– sponsored TACT2, which 
may help clarify if chelation therapy truly represents a 
significant benefit for this population subgroup, con-
tributing to precision environmental medicine.
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