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ABSTRACT

ARTICLE HISTORY

Lead exposure has etiological role on cardiovascular system diseases as hypertension, ath-
erosclerosis, stroke, and arrhythmic events. In this study, we aimed to compare the basal

and arrhythmogenic ECG parameters of lead exposed workers before and after chelation
therapy and to evaluate the effect of acute change of blood lead levels on ECG. Fourty con-
secutive occupationally lead exposed workers were enrolled, demographic, blood, echocar-

KEYWORDS
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diographic, and electrocardiographic data’s were analyzed before and after chelation
therapy. Pmax, P min, P Wave Dispersion, and QT Dispersion values which are arrhythmia
predictors were significantly lower after chelation therapy compared to values before chela-
tion therapy. Lead exposed workers are under the risk of ventricular and atrial arrythmias
and chelation treatment has a positive effect on these parameters.

Introduction

Environmental and occupational lead exposure is a
serious health problem and cause harmful cardiovas-
cular effects.' After removal of lead from gasoline,
progress has been made in the battle with environ-
mental exposure. But occupational lead exposure is
still a major concern. There are more than 3 million
workers in the United States who are potentially
exposed to lead occupationally.” Lead is a very widely
used metal because of its unique physical and chem-
ical properties like softness, poor conductibility, and
corrosion resistance. Lead is one of the most hazard-
ous substance among all heavy metals.’

It has many side effects on human health as
reduced fertility, anemia, and gastrointestinal side
effects. Neurological side effects as diminished cogni-
tive functions and neuropsychiatric side effects and
lead encephalopathy are also well-known health prob-
lems.* Lead has also several side effects on cardiovas-
cular system as hypertension, atherosclerosis, stroke,
and arrhythmic events.””’

Chelation therapy effectively reduces blood lead
levels.® Also, chelation therapy has been widely used
for atherosclerotic disease treatment over 50 years.”

Analysis of electrocardiographic parameters (QT
interval, P wave duration, Tp-e time) revealed higher
risk of atrial and ventricular arrhythmias in lead
exposed workers compared with healthy adults.'
Another study reported higher numbers of premature
atrial and ventricular contractions in lead expos-
ure group.'!

Blood lead levels reflect recent exposure and up to
95% of lead accumulates in bone and bone lead
undergoes a constant interchange with lead circulating
in the blood and soft tissues.'*

The aims of our study are as follows: comparing
the arrhythmogenic ECG parameters of lead exposed
workers before and after the chelation therapy and
evaluating the effect of acute change of blood lead lev-
els on ECG.

Materials and methods

Fourty consecutive occupationally lead exposed work-
ers from battery industry were enrolled to study.
Patients with known diseases that can affect ECG
parameters as coronary artery diseases (2 patients),
hypertension (6 patients), diabetes mellitus (2), left
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ventricular hypertrophy (1 patient) were excluded
from study. This study was approved by the ethics
committee of local hospital and was carried out
according to the rules of the Helsinki Declaration
(Ethical committee approval number: 29620911-771)
and informed consent was obtained from all patients.

Chelation with edetate calcium disodium decision
was given by the authorized physician. Demographic
and clinic data were reported at admission and reeval-
uated after blood sample results (for evaluating the
parameters which would affect ECG like calcium and
potassium metabolism disorders and newly diagnosed
Diabetes Mellitus [DM]).

Blood samples were drawn from antecubital veins
at admission, after chelation was completed and when
the authorized physician ordered.

Office blood pressure measurement was done accord-
ing to 2018 ESC/ESH guidelines for the management of
arterial hypertension guideline recommendations.'

Twelve lead ECG was recorded at a standard cali-
bration after 5-minute resting (25mm/s paper speed
10 mm/mV) (Nihon Kohden, Tokyo, Japan) at admis-
sion and after chelation therapy was completed. Basic
and arrhythmogenic parameters were evaluated by
two cardiologists and verified by another cardiologist
who were blind to patient data. Heart rate, PR inter-
val, QRS duration, P wave maximum duration (P
max) and P wave minimum duration (P min), P wave
dispersion (PWD), QT interval maximum duration
(QT max), QT interval minimum duration (QT min),
QT dispersion (QTD), corrected QT duration (cQT),
T peak-T end duration (Tp-e) were analyzed.

All the measurements were done after 500% magni-
fication. Heart rate was measured manually from the
surface ECG which was recorded after 5-minute rest-
ing period. P wave with maximum and minimum
duration was determined with the help of compasses
and calipers and rechecked with computerize method.
Onset of P-wave is accepted as the initial deflection
from the isoelectric baseline defined by the T-P seg-
ment and the offset of P-wave is accepted as the junc-
tion of the end of the P wave and its return to
baseline.'* PWD is calculated by subtracting P min
value from P max as described in the literature.'”

QT interval duration was calculated manually from
the start of the Q wave to the end of the T wave. QT
interval with maximum and minimum duration was
determined with the help of compasses and calipers.
QTD is calculated by subtracting QT min value from
QT max value.

Corrected QT was calculated with Bazzett formula:
QT interval (QT max)/|R-R cycle duration.'®

For measuring T p-e we used the manual tangent
method in lead V2 which gives the best and consistent
results. T-peak is defined as the maximum positive or
negative deflection of the T wave from the isoelectric
line and T-end is defined as the intersection of the
isoelectric line with the tangent to the downslope of
the T wave."”

Echocardiographic evaluations were done by the
same cardiologist on left lateral decubitus position
according to American Society of Echocardiography
(ASECHO) guidelines recommendations.'® Left ven-
tricle end diastolic diameter (LVEDD), left ventricle
end-systolic diameter (LVESD), and left atrial diam-
eter (LAD) were measured from apical 4 chamber
view; systolic pulmonary artery pressure (sPAP) was
calculated from tricuspid regurgitation peak wave vel-
ocity measured by continuous doppler and estimated
right atrial pressure. Mitral E and A waves were also
measured from apical 4 chamber view over mitral
valve by pulse doppler. Ejection fractions were calcu-
lated by biplane Simpson method from apical four
chamber view.

Statistical analyses

When the sample size was calculated based on 95%
power by statistical method, 40 lead exposed patients
treated with edetate calcium disodium were planned
to be included in the study. Statistical analysis of the
study was performed with SPSS Version 22.0 program
(SPSS Inc., Chicago, Illinois, USA). Descriptive statis-
tics for numerical variables were created. Paired sam-
ple T-test was used for normally distributed
continuous variables. Kolmogorov-Smirnov test was
used to determine normality. A p value less than 0.05
was accepted as significant. Fifteen patients were ran-
domly selected from the study group. Measurements
were repeated under the same basal conditions, and
reproducibility of the ECG parameters were assessed
according to the coefficient of variation between
measurements. Mean intra-observer variability was
4.7% for ECG parameters.

Results

Baseline clinical characteristics and laboratory parame-
ters of the study population are demonstrated in
Table 1. All the patients were male workers. Mean age
was 35.3 +8.93 years. Mean hemoglobin value, platelet
count, neutrophil count, erythrocyte sedimentation
rate, C-reactive protein, creatine, glucose, aspartate
aminotransferase, alanine aminotransferase, uric acid,
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Table 1. Demographic, blood and echocardiographic parameters of patients.

Parameter Mean + SD Parameter Mean + SD
Age (years) 35.3+8.97 BUN (mg/dl) 12.8+3.2

Hemoglobin (g/dL) 14.89+1.03 Blood Lead value (BT) (mcg/dL) 50.58 +£5.06
WBC count (10°/L) 6.41+1.58 Blood Lead value (AT) (mcg/dL) 3.08+0.51
Platelet count (10°/L) 223+35.44 SBP (mmHg) 120.4+8.08
Neutrophil count (10°/L) 3.56+0.88 DBP (mmHg) 72.2+5.24
ESR (mm/h) 544+4.74 LVEDD (mm) 495+ 1.59
CRP (g/L) 0.13+0.48 LVESD (mmHg) 30.6 +4.21
Creatine (mg/dL) 0.83+0.09 LVEF (%) 65.3+1.64
Glucose (mg/dL) 83 (7.03) sPAP (mmHg) 24.6 +4.25
AST (U/L) 18.8 (5.1) LAD (mm) 335+2.38

ALT (U/L) 22.5 (6.5) E wave (mm/s) 78.6+5.38
Uric acid (mg/dL) 5.21 (1.19) A wave (mm/s) 59.1+5.84

Abbreviations: WBC, white blood cell; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; SBP, systolic blood pressure; DBP, diastolic blood
pressure; LVEDD, left ventricle end-diastolic diameter; LVESD, left ventricle end-systolic pressure; LVEF, left ventricle ejec-

tion fraction; LAD, left atrial diameter.

Table 2. Comparison of ECG parameters before and after
chelation therapy.

Mean + SD (BCT) Mean + SD (ACT) p value
HR (beat per minute) 75.45+8.9 76.4+10.2 0.576
PR interval (ms) 159.62 £ 18.06 158.90 £ 15.95 0.699
QRS duration (ms) 92.77 £6.16 92.10+6.60 0.567
Pmax (ms) 1146742 108.3 £5.69 <0.001
Pmin (ms) 90 +4.96 86.1+7.39 0.019
PWD (ms) 26.6 £7.95 22.2+6.87 0.003
QTmax (ms) 369.05 +23.32 370.85+28.9 0.706
QTmin (ms) 343.65+19.52 350.65 +30.37 0.134
QTD (ms) 25.65+10.95 20.45+12.53 0.002
cQT (ms) 412.6+7.98 415.75+£14.06 0.226
Tp-e (ms) 75+6.16 75.6£10.75 0.636
Tp-e/QT (ms) 0.2+0.02 0.2+0.04 0.623

Abbreviations: HR, Heart rate (beat per minute); BCT, before chelation
therapy; ACT, after chelation therapy; cQT, corrected QT interval; PWD,
P wave dispersion, QTD, QT interval dispersion; Tp-e, T peak-T
end duration.

and blood urea nitrogen were all in normal range.
Mean blood lead value before chelation therapy was
50.58 £ 5.06 mcg/dL and it was 3.08 £ 0.51 mcg/dL after
chelation therapy.

Mean systolic blood pressure (120.4+8.08 mmHg)
and diastolic pressure (72.2+5.24mmHg) measure-
ments were in normal range.

The echocardiographic parameters LVEDD, LVESD,
LVEF, sPAP, LAD, E wave, and A wave were also in
normal range.

There was not a significant difference in mean heart
rate before and after chelation therapy (75.45+8.9 vs
76.4 £10.2, respectively; p: 0.576).

When the arrhythmogenic surface ECG parameters
were compared Pmax (114.6+7.42ms vs 108.3 £5.69 ms,
p<0.001), Pmin (90+4.96ms vs. 86.1+7.39ms, p:
0.019), PWD (26.6+7.95ms vs 22.2+6.87ms, p: 0.003),
and QTD (25.65+10.95ms vs 20.45+12.53 ms, p: 0.002)
values were significantly lower after chelation therapy
compared to values before chelation therapy.

There was not a significant difference in terms of
HR, PR interval, QRS duration, QT max, QT min,

Table 3. Correlation between blood lead levels and

proarrhythmic ECG findings.

Blood lead levels (BCT)

r p value
P max 0.575 <0.001
P min 0.447 0.004
PWD 0.532 <0.001
QTD 0.303 0.057

Abbreviations: BCT, Before chelation therapy; PWD, P wave dispersion,
QTD, QT interval dispersion.

cQT, Tp-e, and Tp-e/QT between before chelation
treatment and after chelation treatment (Table 2).

Blood lead levels were positively correlated with
Pmax (r=0.575, p<0.001), Pmin (r=0.447,
p=0.004), and PWD (r=0.535, p<0.001). The cor-
relation between blood lead levels and QTD was not
statistically significant (r=0.303, p=0.507) (Table 3
and Figure 1).

Discussion

According to our best knowledge, this is the first
study demonstrating the effect of chelation therapy on
proarrhythmogenic ECG parameters of occupationally
lead exposed workers.

Our study indicated that acute fall in blood lead
after chelation therapy decreased P max, P min,
PWD, and QTD significantly. ECG of a lead exposed
patient before and after chelation therapy is presented
as Figure 2.

Lead has no biological function in the body and
has toxic effects on all the tissues. Nervous system is
the mostly effected system. At very high doses, lead
toxicity can cause encephalopathy and death while
lower doses can cause impaired cognitive develop-
ment, irreversible neuronal damage, and increased
violent behavior."” ' Lead poising can cause anemia
by interfering heme synthesis, many gastrointestinal
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symptoms as weight loss, abdominal pain, nausea,
vomiting, and constipation.z’22 Excessive exposure to
lead may cause acute or chronic nephrotoxic effects.”’

The effects of lead poisoning on the heart began to
be reported in the early 19th century.** Many studies
revealed the effect of lead exposure on hypertension,
left ventricular hypertrophy, diastolic dysfunction, and
reduced ejection fraction.”*>*° Cardiovascular mor-
bidity, mortality, and stroke is also increased in lead
exposure.” Possible mechanism for atherosclerosis is
increased blood pressure, reactive oxygen radicals,
inflammation, altered lipid metabolism, and endothe-
lial dysfunction caused by lead exposure.”” >’

The effect of lead exposure on ECG parameters is
also documented in the literature. Decreased heart
rate variation,'" prolonged QT,” increased heart rate,
corrected QT and QRS intervals and with increased
risk of intraventricular and AV conduction defects,!
abnormal QRS-T angle,”” prolonged Pmin, Pmax,
PWD, QTmax, QTd, Tp-e interval'® were found to be
related with lead exposure. But in all these studies
comparisons were between lead exposed group and
controls. One of the valuable aspects of our study is
that the same patients’ basal and proarrhythmic ECG
parameters were extensively compared with high
blood lead values and low blood lead values after che-
lation therapy. So, the effect of confounding factors
was eliminated.

A prolonged P wave duration is a sign of abnormal
conduction and excitability in the atriums. PWD
shows the inhomogeneity of atrial conduction and it
can be caused by irregularities between conduction
system of atrium and abnormal intracellular or inter-
cellular factors such as deteriorated membrane struc-
tures such as connexins, ion channels, or regulatory
proteins.”»** Increased P max and PWD are predic-
tors of atrial fibrillation.”> QTD reflects regional vari-
ation in ventricular repolarization, which represents
an electrophysiological substrate for arrhythmias.*®
Many publications have shown association between
QTD and cardiovascular mortality and arrythmia.’*?”

Possible mechanisms accused for these arrhythmo-
genic changes are effect of lead on autonomic system,
increased plasma norepinephrine and c-AMP produc-
tion in heart, effect on cardiac excitability, and deteri-
oration of cell membrane function because of calcium
like effects of lead.”®*' Lead has also morphological
effects on heart like fibrosis, degeneration and necro-
sis, mononuclear cell infiltration.*” In an autopsy ser-
ies, children who died from lead poisoning revealed
myocarditis characterized with interstitial fibrosis.*’
Blood lead levels are about acute exposure but lead
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accumulates in many body parts especially in bones
and there is a continuous turnover between bones and
blood. Cheng et al found bone lead levels were associ-
ated with heart rate, cQT, and QRS interval while
blood lead levels had not a relation. Bone lead levels
are a marker of chronic exposure while blood lead
levels show acute exposure. So, the findings of Cheng
et al can be interpreted as these ECG changes are not
because of blood lead’s effect on cellular mechanisms
as we mentioned before but a consequence of chronic
morphological changes. In our study P max, P min,
PWD, and QTD were significantly changed after che-
lation therapy, but there was not a significant change
in QTmax, QTmin, heart rate, cQT, and Tp-e which
were shown to be associated with lead exposure. We
can speculate that Pmax, Pmin, PWD, and QTD
changed because of cellular mechanism of lead (on
autonomous system, acting like calcium ions or alter-
ing enzymes and hormones) while the rest ECG
parameters were associated with chronic myocar-
dial changes.

Chelation therapy is also used for cardiovascular
disease treatment. The effect of chelation therapy on
cardiovascular system is controversial. There are
contradictory data on literature.***> Possible mechan-
ism advocated about the effect on cardiovascular sys-
tem are decalcification of coronary plaques, decreasing
platelet aggregation and free oxygen radicals, vasodila-
tion, effect on parathormone, lipid and iron metabol-
ism.***® We do not have enough data about the
effect of chelation on ECG parameters.

Best of our knowledge, our study is first study eval-
uating basic and arrhythmogenic ECG parameters
extensively in the same patient group while blood lead
levels were high and normal, unlike many studies
comparing ECG parameters of different patients. So,
we could eliminate many confounders.

Our study should be interpreted with some limita-
tions. The study population were all male workers
occupationally exposed to high lead levels without
comorbidities so the study results cannot be general-
ized to whole population with comorbidities.

We compared biochemical parameters which could
affect ECG like calcium, magnesium, potassium etc.
But despite enough data in the literature chelation
could have some effect on ECG.

We do not have data about cardiovascular and
arrhythmic events because lack of long-term fol-
low up.

Only blood lead levels which shows acute exposure
were evaluated, bone lead levels which best shows
chronic exposure were not taken into consideration.
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Conclusions

Our study has shown that some proarrhythmic ECG
parameters, whose prolongation is an indicator of
arrhythmia, are shortened by chelation therapy.

Lead exposed workers are under the risk of ven-

tricular and atrial arrythmias and chelation treatment
has potential to reduce arrythmia.

However, lead has acute and chronic effects on

heart like all body parts. For understanding the actual
mechanism of effect of lead on arrythmia and effect
of chelation therapy, experimental trials and multicen-

ter prospective

trials with long-term follow up

are needed.

Disclosure statement

The authors declare that there is no conflict of interest.

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

ORCID

Mustafa Karanfil
Meside Giindiizoz

http://orcid.org/0000-0002-5401-1149
http://orcid.org/0000-0001-6140-8331

References

1.

Kordas K, Ravenscroft J, Cao Y, McLean EV. Lead
exposure in low and middle-income countries: per-
spectives and lessons on patterns, injustices, econom-
ics, and politics. IJERPH. 2018;15(11):2351. doi:10.
3390/ijerph15112351.

Staudinger KC, Roth VS. Occupational lead poison-
ing. Am Fam Physician. 1998;57(719-726):731-712.
Agency for Toxic Substances and Disease Registry,
AGUDoHOoHS, Public Health Service. The priority of
hazardous substances. 2011. https://www.atsdr.cdc.
gov/spl/index.html

Mason LH, Harp JP, Han DY. Pb neurotoxicity:
neuropsychological effects of lead toxicity. Biomed Res
Int. 2014;2014:840547. doi:10.1155/2014/840547.
Nawrot TS, Thijs L, Den Hond EM, et al. An epi-
demiological re-appraisal of the association between
blood pressure and blood lead: a meta-analysis. J
Hum Hpypertens. 2002;16(2):123-131. doi:10.1038/s;j.
jhh.1001300.

Lustberg M, Silbergeld E. Blood lead levels and mor-
tality. Arch Intern Med. 2002;162(21):2443-2449. doi:
10.1001/archinte.162.21.2443.

Schober SE, Mirel LB, Graubard BI, et al. Blood lead
levels and death from all causes, cardiovascular dis-
ease, and cancer: results from the NHANES III

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

mortality study. Environ Health Perspect. 2006;
114(10):1538-1541. doi:10.1289/ehp.9123.

Gracia RC, Snodgrass WR. Lead toxicity and chelation
therapy. Am ] Health Syst Pharm. 2007;64(1):45-53.
doi:10.2146/ajhp060175.

Peguero JG, Arenas I, Lamas GA. Chelation therapy
and cardiovascular disease: connecting scientific silos
to benefit cardiac patients. Trends Cardiovasc Med.
2014;24(6):232-240. do0i:10.1016/j.tcm.2014.06.002.
Karakulak UN, Yilmaz OH, Tutkun E, et al
Comprehensive electrocardiographic analysis of lead
exposed workers: an arrhythmic risk assessment
study. Ann Noninvasive Electrocardiol. 2017;22(2):
€12376. doi:10.1111/anec.12376.

Poreba R, Poreba M, Gac P, et al
Electrocardiographic changes in workers occupation-
ally exposed to lead. Ann Noninvasive Electrocardiol.
2011;16:33-40.

Barry PS, Mossman DB. Lead concentrations in
human tissues. Br J Ind Med. 1970;27(4):339-351. doi:
10.1136/0em.27.4.339.

Williams B, Mancia G, Spiering W, et al. 2018 ESC/
ESH guidelines for the management of arterial hyper-
tension. Eur Heart J. 2018;39(33):3021-3104. doi:10.
1093/eurheartj/ehy339.

Magnani JW, Mazzini MJ, Sullivan LM, et al. P-wave
indices, distribution and quality control assessment
(from the Framingham Heart Study). Ann
Noninvasive Electrocardiol. 2010;15(1):77-84. doi:10.
1111/j.1542-474X.2009.00343 x.

Pérez-Riera AR, de Abreu LC, Barbosa-Barros R,
et al. P-wave dispersion: an update. Indian Pacing
Electrophysiol ]. 2016;16(4):126-133. doi:10.1016/j.ipe;j.
2016.10.002.

Bazett H. An analysis of the time-relations of electro-
cardiograms. Ann Noninvasive Electrocardiol. 1997,
2(2):177-194. doi:10.1111/j.1542-474X.1997.tb00325.x.
Rosenthal TM, Masvidal D, Abi Samra FM, et al
Optimal method of measuring the T-peak to T-end
interval for risk stratification in primary prevention.
EP Europace. 2018;20(4):698-705. doi:10.1093/euro-
pace/euw430.

Mitchell C, Rahko PS, Blauwet LA, et al. Guidelines
for performing a comprehensive transthoracic echo-
cardiographic examination in adults: recommenda-
tions from the american society of echocardiography.
J Am Soc Echocardiogr. 2019;32(1):1-64. doi:10.1016/j.
echo.2018.06.004.

Kumar S, Jain S, Aggarwal CS, Ahuja GK.
Encephalopathy due to inorganic lead exposure in an
adult. Jpn J Med. 1987;26(2):253-254. doi:10.2169/
internalmedicine1962.26.253.

Koller K, Brown T, Spurgeon A, Levy L. Recent devel-
opments in low-level lead exposure and intellectual
impairment in children. Environ Health Perspect.
2004;112(9):987-994. doi:10.1289/ehp.6941.

Hwang L. Environmental stressors and violence: lead
and polychlorinated biphenyls. Rev Environ Health.
2007;22(4):313-328. doi:10.1515/reveh.2007.22.4.313.
Janin Y, Couinaud C, Stone A, Wise L. The "lead-
induced colic" syndrome in lead intoxication. Surg
Annu. 1985;17:287-307.


https://doi.org/10.3390/ijerph15112351
https://doi.org/10.3390/ijerph15112351
https://www.atsdr.cdc.gov/spl/index.html
https://www.atsdr.cdc.gov/spl/index.html
https://doi.org/10.1155/2014/840547
https://doi.org/10.1038/sj.jhh.1001300
https://doi.org/10.1038/sj.jhh.1001300
https://doi.org/10.1001/archinte.162.21.2443
https://doi.org/10.1289/ehp.9123
https://doi.org/10.2146/ajhp060175
https://doi.org/10.1016/j.tcm.2014.06.002
https://doi.org/10.1111/anec.12376
https://doi.org/10.1136/oem.27.4.339
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1111/j.1542-474X.2009.00343.x
https://doi.org/10.1111/j.1542-474X.2009.00343.x
https://doi.org/10.1016/j.ipej.2016.10.002
https://doi.org/10.1016/j.ipej.2016.10.002
https://doi.org/10.1111/j.1542-474X.1997.tb00325.x
https://doi.org/10.1093/europace/euw430
https://doi.org/10.1093/europace/euw430
https://doi.org/10.1016/j.echo.2018.06.004
https://doi.org/10.1016/j.echo.2018.06.004
https://doi.org/10.2169/internalmedicine1962.26.253
https://doi.org/10.2169/internalmedicine1962.26.253
https://doi.org/10.1289/ehp.6941
https://doi.org/10.1515/reveh.2007.22.4.313

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Rastogi SK. Renal effects of environmental and occu-
pational lead exposure. Indian J Occup Environ Med.
2008;12(3):103-106. d0i:10.4103/0019-5278.44689.
Hirschfeld E. Angina pectoris saturnina. Z Klin Med.
1926;104:698-712

Schwartz J. Lead, blood pressure, and cardiovascular
disease in men and women. Environ Health Perspect.
1991;91:71-75. doi:10.1289/ehp.919171.

Pocock SJ, Shaper AG, Ashby D, et al. The relation-
ship between blood lead, blood pressure, stroke, and
heart attacks in middle-aged British men. Environ
Health  Perspect. 1988;78:23-30.  doi:10.1289/ehp.
887823.

Stohs SJ, Bagchi D. Oxidative mechanisms in the tox-
icity of metal ions. Free Radic Biol Med. 1995;18(2):
321-336. doi:10.1016/0891-5849(94)00159-H.
Navas-Acien A, Guallar E, Silbergeld EK, Rothenberg
SJ. Lead exposure and cardiovascular disease-a sys-
tematic review. Environ Health Perspect. 2007;115(3):
472-482. doi:10.1289/ehp.9785.

Kristal-Boneh E, Coller D, Froom P, et al. The associ-
ation between occupational lead exposure and serum
cholesterol and lipoprotein levels. Am J Public Health.
1999;89(7):1083-1087. doi:10.2105/ajph.89.7.1083.
Chen CC, Yen HW, Lo YH, et al. The association of
prolonged QT interval on electrocardiography and
chronic lead exposure. | Occup Environ Med. 2013;
55(6):614-619. doi:10.1097/JOM.0b013e318291787a.
Cheng Y, Schwartz ], Vokonas PS, et al
Electrocardiographic conduction disturbances in asso-
ciation with low-level lead exposure (the Normative
Aging Study). Am ] Cardiol. 1998;82(5):594-599. doi:
10.1016/50002-9149(98)00402-0.

Jing J, Thapa S, Delhey L, et al. The relation of blood
lead and QRS-T angle in American adults. Arch
Environ Occup Health. 2019;74(5):287-291. doi:10.
1080/19338244.2018.1488674.

Spach MS, Miller WT, Geselowitz DB, et al. The dis-
continuous nature of propagation in normal canine
cardiac muscle. Evidence for recurrent discontinuities
of intracellular resistance that affect the membrane
currents. Circ Res. 1981;48(1):39-54. doi:10.1161/01.
res.48.1.39.

Saffitz JE, Kanter HL, Green KG, et al. Tissue-specific
determinants of anisotropic conduction velocity in
canine atrial and ventricular myocardium. Circ Res.
1994;74(6):1065-1070. doi:10.1161/01.RES.74.6.1065.
Dilaveris PE, Gialafos EJ, Sideris SK, et al. Simple
electrocardiographic markers for the prediction of
paroxysmal idiopathic atrial fibrillation. Am Heart ].

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

ARCHIVES OF ENVIRONMENTAL & OCCUPATIONAL HEALTH 7

1998;135(5 Pt
8703(98)70030-4.
Barr CS, Naas A, Freeman M, et al. QT dispersion
and sudden unexpected death in chronic heart failure.
Lancet. 1994;343(8893):327-329. do0i:10.1016/S0140-
6736(94)91164-9.

Pye M, Quinn AC, Cobbe SM. QT interval dispersion:
a non-invasive marker of susceptibility to arrhythmia
in patients with sustained ventricular arrhythmias? Br
Heart J. 1994;71(6):511-514. doi:10.1136/hrt.71.6.511.
Ferreira de Mattos G, Costa C, Savio F, et al. Lead
poisoning: acute exposure of the heart to lead ions
promotes changes in cardiac function and Cavl.2 ion
channels. Biophys Rev. 2017;9(5):807-825. doi:10.
1007/s12551-017-0303-5.

Bertel O, Bihler FR, Ott J. Lead-induced hyperten-
sion: blunted beta-adrenoceptor-mediated functions.
Br Med ]. 1978;1(6112):551-551. doi:10.1136/bmj.1.
6112.551.

Kopp SJ, Barron JT, Tow JP. Cardiovascular actions
of lead and relationship to hypertension: a review.
Environ Health Perspect. 1988;78:91-99. doi:10.1289/
ehp.887891.

Gajek J, Zysko D, Chlebda E. Heart rate variability in
workers chronically exposed to lead. Kardiol Pol.
2004;61:21-30.

Dey S, Swarup D, Singh GR. Effect of experimental
lead toxicity on cardiovascular function in calves. Vet
Hum Toxicol. 1993;35(6):501-503.

Kline TS. Myocardial changes in lead poisoning.
AMA ] Dis Child. 1960;99:48-54. doi:10.1001/arch-
pedi.1960.02070030050009.

Knudtson ML, Wyse DG, Galbraith PD, et al
Chelation therapy for ischemic heart disease: a
randomized controlled trial. JAMA. 2002;287(4):
481-486. doi:10.1001/jama.287.4.481.

Seely DMR, Wu P, Mills E]. EDTA chelation therapy
for cardiovascular disease: a systematic review. BMC
Cardiovasc Disord. 2005;5:32-32. doi:10.1186/1471-
2261-5-32.

Elihu N, Anandasbapathy S, Frishman WH. Chelation
therapy in cardiovascular disease: ethylenediaminete-
traacetic acid, deferoxamine, and dexrazoxane. | Clin
Pharmacol. 1998;38(2):101-105.  doi:10.1002/j.1552-
4604.1998.tb04397 x.

Kindness G, Frackelton J. Effect of ethylene diamine
tetraacetic acid (EDTA) on platelet aggregation in
human blood. ] Adv Med. 1989;2:519-530

Frishman WH. Chelation therapy for coronary artery
disease: panacea or quackery? Am ] Med. 2001;111(9):
729-730. doi:10.1016/s0002-9343(01)01056-7.

1):733-738. doi:10.1016/50002-


https://doi.org/10.4103/0019-5278.44689
https://doi.org/10.1289/ehp.919171
https://doi.org/10.1289/ehp.887823
https://doi.org/10.1289/ehp.887823
https://doi.org/10.1016/0891-5849(94)00159-H
https://doi.org/10.1289/ehp.9785
https://doi.org/10.2105/ajph.89.7.1083
https://doi.org/10.1097/JOM.0b013e318291787a
https://doi.org/10.1016/S0002-9149(98)00402-0
https://doi.org/10.1080/19338244.2018.1488674
https://doi.org/10.1080/19338244.2018.1488674
https://doi.org/10.1161/01.res.48.1.39
https://doi.org/10.1161/01.res.48.1.39
https://doi.org/10.1161/01.RES.74.6.1065
https://doi.org/10.1016/S0002-8703(98)70030-4
https://doi.org/10.1016/S0002-8703(98)70030-4
https://doi.org/10.1016/S0140-6736(94)91164-9
https://doi.org/10.1016/S0140-6736(94)91164-9
https://doi.org/10.1136/hrt.71.6.511
https://doi.org/10.1007/s12551-017-0303-5
https://doi.org/10.1007/s12551-017-0303-5
https://doi.org/10.1136/bmj.1.6112.551
https://doi.org/10.1136/bmj.1.6112.551
https://doi.org/10.1289/ehp.887891
https://doi.org/10.1289/ehp.887891
https://doi.org/10.1001/archpedi.1960.02070030050009
https://doi.org/10.1001/archpedi.1960.02070030050009
https://doi.org/10.1001/jama.287.4.481
https://doi.org/10.1186/1471-2261-5-32
https://doi.org/10.1186/1471-2261-5-32
https://doi.org/10.1002/j.1552-4604.1998.tb04397.x
https://doi.org/10.1002/j.1552-4604.1998.tb04397.x
https://doi.org/10.1016/s0002-9343(01)01056-7

	ABSTRACT
	Introduction
	Materials and methods
	Statistical analyses

	Results
	Discussion
	Conclusions
	Disclosure statement
	Funding
	Orcid
	References


